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PREFACE.

IN the

preparation of the new edition of this Manual, the work has
been wholly rewritten. North American Geological History is still, how
ever, its chief subject. The time divisions in this history, based on the
ascertained subdivisions of the formations, were first brought out in my
Address before the meeting of the American Association at Providence in
1855; and in 1863, the "continuous history" appeared in the first edition
of this Manual, written up from the State reports and other geological pub
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lications. The idea, long before recognized, that all observations on the
rocks, however local, bore directly on the stages in the growth of the Con
tinent derives universal importance from the recognition of North America
as the world's type-continent- the only continent that gives, in a full and.
simple way, the fundamental principles of continental development.

Since 1863, when the first edition of this work was published, investi
gation, through the geological workers of the United States, Canada, and
Mexico, has been extended over nearly all parts of the continent, so that its
The Government
history admits of being written out with much fullness.
Expeditions over the Rocky Mountain region, under F. V. HAYDEN, CLAR
ENCE KING, CAPTAIN WHEELER and others, and earlier, those especially of
the Pacific Railroad Explorations, and the Mexican Boundary Commission,
were large contributors to this result; and also, since 1879, the able corps of
the United States Geological Survey.
As the rewritten book shows, new principles, new theories, and widely
diverse opinions on various subjects are among the later contributions, along
with a profusion of new facts relating to all departments of the science.
The Cambrian formation has been traced through a large part of the
continent, and the number of its fossils has been increased, chiefly by C. D.
WALCOTT, from a few to hundreds. The Appalachian Mountain structure

has been shown by CLARENCE KING, Dr. G. M. DAWSON, and R. G. MCCONNELL to have been repeated in the great post-Cretaceous mountain-making
of the Rocky Mountain region. The Reptiles, Birds, and Mammals of the
Mesozoic and Tertiary have continued coming from the rocks until the
species recognized much outnumber those of any other continent. The canons
and other results of erosion in the west have thrown new light, through
their investigators, on the work of the waters. Besides, the science of
3
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petrology has elucidated much of the obscure in the constitution, relations,
and origin of rocks.
Moreover, America, from early in the century, has been receiving
instruction through the development and parallel progress of the Science
in Europe and other lands.
The first edition of this Manual owed much to the advice of the able
paleontologist, F. B. MEEK, and also to his skill as a draftsman; and the

work still bears prominent evidence of his knowledge, judgment, and scru
pulous exactness, traits which give a permanent value to all the results of
histoo soon ended labors.
In this new edition, the Paleozoic paleontology is largely indebted to
PROFESSOR 0. E. BEECHER and PROFESSOR H. S. WILLIAMS; the Jurassic,
of western America, to PROFESSOR A. HYATT; the Cretaceous, to PROFESSOR

HYATT, MR. T. W. STANTON, MR. B. P. WHITFIELD, and PROFESSOR B. T.
HILL; and the Tertiary, as regards the Invertebrates, to PROFESSOR G. D.
HARRIS. With respect to the Vertebrates of the Jurassic, Cretaceous, and
Tertiary, very valuable aid has been received from PROFESSOR MARSH, and
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The
also in the part on Tertiary Mammals from PROFESSOR W. B. SCOTT.
account of the arrangement and distribution of the Jurassic and Cretaceous
rocks of western America was prepared with the assistance of MR. J. S.
DILLER; and that with regard to the marine Tertiary of the country was

I am further indebted.
chiefly written for its place by PROFESSOR HARRIS.
to PROFESSOR A. E. VERRILL for his revision of the pages on the Animal
Kingdom.
Moreover, the replies to requests for information have placed me under
obligation to almost all the geologists of the Continent, those of Canada as
well as the United States, - and. especially to SIR WILLIAM DAWSON, MR.

A. R. C. SELWYN, DR. G. M. DAWSON, MR. CLARENCE KING, MR. C. 1).
WALCOTT, PROFESSOR N. S. SHALER, PROFESSOR S. H. SCUDDER, MR.
FRANK LEVERETT, PROFESSOR B. T. HILL, PROFESSOR W. UPHAM, PRO
FESSOR G. F. WRIGHT, PROFESSOR J. J. STEVENSON, MR. WM. H. DALL,
DR. C. A. WHITE, and PROFESSOR J. P. IDDINGS.
Throughout this volume, the dates of papers containing cited facts or

views are often stated. If a condensed bibliography, containing in brief
form the titles of the most important geological and paleontological works
and papers, arranged under the year of publication, were accessible to the
Without
student, these dates would be a sufficient means of reference.
such a Bibliography they may serve as a help in consulting, besides Reports

of Geological Surveys, the serial scientific publications.
It is best to com
mence the search with the periodical containing the most geological papers,
notes, and book notices, and follow on with the others.
The American
Journal of Science commenced in 1818; the American Naturalist, in
1868; the American Geologist, in 1888; the Bulletin of the American
Geological Society, in 1890; the Journal of Geology, Chicago, in 1893.
Then refer to the Proceedings and Memoirs of American Scientific Soci-
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eties or Academies, in the following order: Academy of Natural Sciences
of Philadelphia; American Philosophical Society, Philadelphia; Society of
Natural History, Boston; American Academy, Boston; Lyceum of Natural
History, and later, Academy of Sciences, New York; and so on, not over
looking the Reports of the American Association for the Advancement of

Science. The foreign serial works of most importance to the geologist are
the Journal of the Geological Society of London; the Geological Magazine,
London; Bulletin of the Geological Society of France; "Comptes Rendus"
of the Academy of Sciences, Paris; Jahrbuch fir Mineralogie, Geologie und.
Palaeontologie, Stuttgart; Zeitschrift der deutschen geologischen Gesell
schaft, Berlin; Jahrbuch der k.-k. geologischen Reichsanstalt, Vienna.
For foreign facts and views I am largely indebted to the able English
works of SIR ARCHIBALD GEIKIE, PROFESSOR PRESTWICH, and PROFESSORS
ETHERIDGE and SEELEY, the very full Traité de Géologie of PROFESSOR

A. DE LAPPARENT, and the Elemente der Geologie of DR. CREDNER.
As the volume is necessarily larger than that of the edition of 1880, partly through more text, but also through a greater profusion of
- the instructor may find it convenient, in his use of the Historical
illustra-tions,
part, to take up successively its two great subjects, the geological and
physical history of the continents, and the history of its life.
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

JAMES D. DANA.
NEW HAVEN, C0NN., January, 1895.
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INTRODUCTION.

Kingdoms of nature. - SCIENCE, in her survey of the earth, has recog
nized three kingdoms of nature,-the animal, the vegetable, and the
inorganic; or, naming them from the forms characteristic of each, the
ANIMAL KINGDOM, the PLANT KINGDOM, and the CRYSTAL KINGDOM. An
individual in either kingdom has its systematic mode of formation or
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growth.
The plant or animal, (1) endowed with life, (2) commences from a germ,
(3) grows by means of imbibed nutriment, and (4) passes through a series
of changes and gradual development to the adult state, when (5) it evolves

new seeds or germs, and (6) afterward continues on to death and dissolution.
It has, hence, its cycle of growth and reproduction, and cycle follows
cycle in indefinite continuance.
The crystal is (1) a lifeless object, and has a simpler history; it (2)

begins in a nucleal molecule or particle; (3) it enlarges by external addition
or accretion alone; and (4) there is, hence, no proper development, as the
crystal is perfect, however minute; (5) it ends in simply existing, and not
in reproducing; and, (6) being lifeless, there is no proper death or necessary
dissolution.

Such are the individualities in the great kingdoms of nature displayed
upon the earth.
But the earth also, according to Geology, has been brought to its present

condition through a series of changes or progressive formations, and from
a state as utterly featureless as a germ. Moreover, like any plant or animal,
it has its special systems of interior and exterior structure, and of interior
and exterior conditions, movements, and changes; and, although Infinite
Mind has guided all events toward the great end, - a world for mind, - the
earth has, under this guidance and appointed law, passed through a regular
course of history or growth. Having, therefore, as a sphere, its comprehen
sive system of growth, it is a unit or individuality, not, indeed, in either of
the three kingdoms of nature which have been mentioned, but in a wider,
a WORLD KINGDOM.
Every sphere in space must have had a related
system of growth, and all are, in fact, individualities in this Kingdom of
Worlds.

9
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Geology treats of the earth in this grand relation. It is as much removed
from Mineralogy as from Botany and Zoology. It uses all these depart
ments; for the species under them are the objects which make up the
earth and enter into geological history. The science of minerals is more
immediately important to the geologist, because aggregations of minerals
constitute rocks, or the plastic material in which the records of the past
were made.
The earth, regarded as such an individuality in a world kingdom, has not

only its comprehensive system of growth, in which strata have been added
to strata, continents and seas defined, mountains reared, and valleys, rivers,
and plains formed, all in orderly plan, but also a system of currents in its
oceans and atmosphere, -the earth's circulating-system; its equally world
wide system in the distribution of heat, light, moisture, and magnetism, and
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of plants and animals; its system of secular variations (daily, annual, etc.)
in its climate and all meteorological phenomena. In these characteristics
the sphere before us is an individual, as much as a dog, or a tree ; and, to
arrive at any correct views on these subjects, the world must be regarded in
this capacity. The distribution of man and nations, and of all productions
that pertain to man's welfare, comes in under the same grand relation; for,
in helping to carry forward man's progress as a race, the sphere is working
out its final purpose. There are, therefore,
Three departments of science, arising out of this individual capacity of
the earth.
I. GEOLOGY, which treats of (1) the earth's structure, and (2) its system
of development,-the latter including its progress in rocks, lands, seas,

mountains, etc.; its progress in all physical conditions, as heat, moisture,
etc.; its progress in life, or its vegetable and animal tribes.
II. PHYSIOGRAPHY, which begins where Geology ends,-that is, with
the adult or finished earth,-and treats (1) of the earth's final surface
arrangements (as to its features, climates, magnetism, life, etc.); and (2) of
its system of physical movements or changes (as atmospheric and oceanic
currents, and other secular variations in heat, moisture, magnetism, etc.).
III. THE EARTH WITH REFERENCE TO MAN (including ordinary Geog
raphy): (1) the distribution of races or nations, and of all productions or
conditions bearing on the welfare of man or nations; and (2) the progressive
changes of races and nations.
The first of these departments considers the structure and growth of the
earth; the second, its features and world-wide activities in its finished state;
the third, the fulfillment of its purpose in man.
Relation of the earth to the universe. - While recognizing the earth as

a sphere in a world kingdom, it is also important to observe that it holds
a .very subordinate position in the system of the heavens. It is one of the
that of the sun. And
smaller satellites of the sun, - its size about -r
which
it
3,000,000,000
of miles
the planetary system to
belongs, although
in radius, is but one among myriads, the nearest star being 7000 times
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farther off than Neptune. Thus it appears that the earth is a very small
Hence we naturally conclude that it is a dependent
object in the universe.
part of the solar system; that, as a satellite of the sun, in conjunction with
other planets, it could no more have existed before the sun, or our planetary
system before the universe of which it is a part, than the hand before the
body which it obediently attends.

Although thus diminutive, the laws of the earth are the laws of the
One of the fundamental laws of matter is gravitation; and this
universe.
we trace not only through our planetary system, but among the fixed stars,

and thus know that one law pervades the universe.
The rays of light which come in from the remote limits of space are
a visible declaration of unity; for this light depends on molecular vibra
tions, -that is, the ultimate constitution arid mode of action of matter; and,
by the identity of its principles or laws, whatever its source, it proves the
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essential identity of the molecules of matter.
Meteoric stones are specimens of celestial bodies occasionally reaching
us from the heavens. They exemplify the same chemical and crystal
lographic laws as the rocks of the earth, and have afforded no new element
or principle of any kind.
The moon presents to the telescope a surface covered with the craters of
volcanoes, having forms that are well illustrated by some of the earth's
volcanoes, although of immense size. The principles exemplified on the

earth are but repeated in her satellite.
Thus, from gravitation, light, meteorites, and the earth's satellite, we
learn that there is oneness of law through space. The elements may differ
in different systems, but it is a difference such as exists among known
elements, and even if exemplifying new laws, such laws cannot be at
variance with those illustrated by nature within reach of terrestrial investi
The universe, if open throughout to our explorations, would vastly
expand our knowledge, and science might have a more beautiful superstruc
ture, but its basement-laws would be the same. A treatise on Celestial
Mechanics printed in our printing-offices would serve for the universe.
gation.

The earth, therefore, although but an atom in immensity, is immensity
itself in its revelations of truth; and science, though gathered from one
small sphere, is the deciphered law of all spheres.
It is well to have the mind deeply imbued with this thought, before

It gives grandeur to science and
entering upon the study of the earth.
the loftier charac
dignity to man, and will hell) time geologist to apprehend
teristics of the last of the geological ages.
- Geology is
Special aim of geology, and method of geological reasoning.
sometimes defined as the science of the structure of the earth. But the
ideas of structure and oriqin of structure are inseparably connected, and in

all geological investigations they go together.
Geology had its very begin
ning and essence in the idea that rocks were made through secondary
causes ; and its great aim has ever been to study structure in order to coni-

12
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prebend the earth's history. The science, therefore, is a historical science.
It finds strata of sandstone, clayey rocks, and limestone, lying above one
another in many successions; and, observing them in their order, it assumes,
not only that the sandstones were made of sand by some slow process,
clayey rocks of clay, and so on, but that the strata were successively formed;
that, therefore, they belong to successive periods in the earth's past; that, con
sequently, the lowest beds in a series were the earliest beds. It hence infers,
further, that each rock indicates some facts respecting the condition of the
sea or land at the time when it was formed, one condition originating sand
deposits, another clay deposits, another lime, -and, if the beds extend over
thousands of square miles, that the several conditions prevailed uniformly
to at least this same extent. The rocks are thus regarded as records of
successive events in the history, - indeed, as actual historical records; and
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every new fact ascertained by a close study of their structure, be it but the
occurrence of a pebble, or a seam of coal, or a bed of ore, or a crack, or
any marking whatever, is an addition to the records, to be interpreted by
careful study.
Thus every rock marks an epoch in the history; and groups of rocks,
periods; and still larger groups, eras or ages; and so the eras which reach
through geological time are represented in order by the rocks that extend
from the lowest to the uppermost of the series.

If, now, the great beds of rock, instead of lying in even horizontal
layers, are much folded up, or lie inclined at various angles, or are broken
and dislocated through hundreds or thousands of feet in depth, or are
uplifted into mountains, they bear record of still other events in the great
history; and should the geologist, by careful study, learn how the great
disturbance or uplifting was produced, and succeed in locating its time of
occurrence among the epochs registered in the rocks, he would have inter
preted the record, and added not only a fact to the history, but also its
explanation. The history is, hence, a history of the upturnings of the
earth's crust, as well as of its more quiet rock-making.
If, in addition, a fossil shell, or coral, or bone, or leaf, is found in one of
the beds, it is a relic of some species that lived when that rock was forming;
it belongs to that epoch in the world represented by the particular rock
containing it, and tells of the life of that epoch; and, if numbers of such
organic remains occur together, they enble us to people the seas or land, to
our imagination, with some of the kinds of life that belonged to the ancient

epoch.
Moreover, as such fossils are common in a large number of the strata,
from the lowest containing signs of life to the top, -that is, from the oldest
beds to the most recent, -by studying out the characters of these remains

in each, we are enabled to restore to our minds, to some extent, the popula
tion of the epochs, as they follow one another in the long series. The strata
are thus not simply records of moving seas, sands, clays, and pebbles, and
disturbed or uplifted strata, but also of the living beings that have in

INTRODUCTION.
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succession occupied the land and waters. The history is a
history as com
as
can
be
learned
from
the
fossils
of
the life of the globe, as well
plete
as of its rock-formations; and the life-history,
imperfect though it be, is
the great topic of Geology: it adds tenfold interest to the other records of
the rocks.
These examples are sufficient to explain the basis and
general bearing of
geological history.
The method of interpreting the records rests upon the
simple principle
that rocks were made as they are now made, and life lived in olden time as
it now lives; and, further, the mind is forced into receiving the conclusions
arrived at by its own laws of action.
We observe that many of the common
rock-strata consist of the same materials that make up the deposits of sand.
and gravel of sea-beaches or sand-flats, or of the clays or muds of the bottoms
of estuaries or the borders of rivers, and that they are arranged in beds like
the modern deposits, even have, at times, ripple-marks and other evidences
of the action of water or wind; and further remark that these hard rocks

differ from the loose sand, clay, or pebbly deposits simply in being consoli
dated into a rock; and, in other places, discover these sand-deposits in all
states of consolidation, from the soft, movable sand, through a half-compacted
condition, to the gritty sandstone. By such steps as these, the mind is
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borne along irresistibly to the conclusion that

rocks were

slowly made

through common-place operations.
These few examples elucidate the mode of reasoning upon which geo
logical deductions are based.
In using the present in order to reveal the past, we assume that the
forces in the world are essentially the same through all time; for these
forces are based on the very nature of matter, and could not have changed.
The ocean has always had its waves, and those waves have ever acted in
the same manner.
Running water on the land has ever had the same power
of wear and transportation and mathematical value to its force. The
laws of chemistry, heat, electricity, and mechanics have been the same

throughout time. The plan of living structures is fundamentally one, for
the whole series belongs to one system, as much almost as the parts of an
animal to one body; and the relations of life to light and heat, and to the
atmosphere, have ever been the same as now. The laws of the existing
world, if perfectly known, are consequently a key to past history.
SUBDIVISIONS OF GEOLOGY.
(1) Like a plant or animal, the earth has its systematic external form
and features, which should be reviewed.
(2) Next, there are the constituents of the structure to be considered:

first, their nature; second, their general arrangement.
of the structure, and
(3) Next, the successive stages in the formation
the concurrent steps in the progress of life, through past time.
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(4) Next, the general plan or laws of progress in the earth and its life.
() Finally, there are the active forces and mechanical agencies which
were the means of physical progress, - spreading out and consolidating
strata, raising mountains, ejecting lavas, wearing out valleys, bearing the
material of the heights to the plains and oceans, enlarging the oceans,
destroying life, and performing an efficient part in evolving the earth's
structure and features.
These topics lead to the following subdivisions of the science: I. PHvsIoGRAPHIC GEOLOGY, - a general survey of the earth's surface
features.
IL STRUCTURAL GEOLOGY, - a description of the rock-materials in the
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structure of the globe, -that is, of its kinds of rocks, and. of their arrange
ment or positions.
III. DYNAMICAL GEOLOGY,-an account of the agencies or forces that
have produced geological changes, and of the laws, methods, and results of
their action.
IV. HISTORICAL GEOLOGY, - an account of the earth's geological his
tory, or the successive events or steps in the making of the rock-strata, and
of the continents, seas, mountains, and valleys, in the progress of the
earth's living species, and in all changes that have gone forward in the
earth's development.

In the study of the science, a previous knowledge of the methods of change taught in
the Dynamical section is desirable in order fully to comprehend Historical geology; and
a knowledge of the actual facts and their succession given in the Historical section is
desirable to understand the causes of events and methods of change. There is reason,
therefore, for studying Dynamical geology before Historical as well as after it. It is here
made to precede. But the last topic under it-that of the formation of mountains-will
be best appreciated after the student is familiar with the facts presented in the Historical
section.

PART

PHYSIOGRAPHIC

I.

GEOLOGY.

THE

systematic arrangement in the earth's features is an indication
of system in the earth's development. The orderly arrangement in the
continents and oceans, island chains and mountains, is an outcome of the
most fundamental movements in the forming sphere. An appreciation
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of tne earth's physiognomy is hence the first step toward an investigation
of its laws of origin. This subject is therefore an important one to the
geologist, although its facts come also within the domain of physical
geography. They are the final results in geology, and thence become the
arena of the physical geographer.
The following are the divisions in this department I.

The earth's general contour and surface subdivisions.
II. System in the reliefs or surface forms of the continental lands.
III. System in the courses of the earth's feature lines.
These topics are followed by a brief review of, IV.
V.

Oceanic and atmospheric movements and temperature.
Geographical distribution of plants and animals.

I. THE EARTH'S GENERAL CONTOUR AND SURFACE SUBDIVISIONS.
The subjects under this head are -the earth's form; the distribution
of land and water; the true outlines and features of the oceanic depression;
the subdivisions, positions, and general features of the land; the height and
kinds of surface of the continents.
(1) Spheroidal form.-The form of the earth is spherical, with the
poles flattened, the distance from the center to the pole being about TIT
shorter than that from the center to the equator.
The length of the
equatorial radius is 3963 miles, and that of the polar about 131 miles less.
The form approaches closely that of an ellipsoid of revolution. The mean
density is about 55 times that of water, which is a little more than twice
that of the two most common minerals, calcite (272) and quartz (265), and
more than two thirds that of pure iron (7Th).
15
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The density of the moon is 31, or about that of basalt; of Mercury, 62; of Venus
and Mars, each, fr2; of Jupiter, 13.
The earth's atmosphere, if considered a part of the sphere, adds several
hundred miles to its diameter. Its actual limit is not ascertained; but evi
dence from meteorites places it at least 200 miles above the earth's surface.
(2) General subdivisions of the earth's surface. - Proportion of land and
water. - In the surface of the sphere there are about 73% of water to 27%
of dry land. The proportion of land north of the equator is nearly three
times as great as that south. The zone containing the largest proportion
of land is the north temperate, the area equaling that of the water; while
it is only one third that of the water in the torrid zone, and hardly one
tenth (a-) in the south temperate.
Out of the 196,900,000 of square miles which make up the entire
surface of the globe, 144,155,000 are water and 52745,000 land. In the
northern hemisphere the land covers 38,780,000 square miles, and the water
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59,670,000; in the southern, the land 13,965,000 square miles, the water
84,485,000.
Land in one hemisphere.-If a globe be cut through the center by a
plane intersecting the meridian of 175° E. at the parallel of 40° N., one of
the hemispheres thus made, the northern, will contain nearly all the land of
the globe, and the other be almost wholly water. The annexed map repre
sents the two hemispheres.

1.

The pole of the land-hemisphere in this map is in the western half of
the British Channel; and, if this part, on a common globe, be placed in the
zenith, under the brass meridian, the horizon-circle will then mark the line
of division between the two hemispheres. Of the 98,450,000 square miles
of surface in each hemisphere, there are about 45,000,000 of land in the
The portions of
land-hemisphere and only about 7,000,000 in the other.
land. in the water-hemisphere are the extremity of South America below
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25° S., and Australia, together with the islands of the East Indies, the Pacific,
and the Antarctic. London and Paris are situated very near the center of
the land-hemisphere.
General arrangement of the oceans and continents. -Oceans and continents are the grander divisions of the earth's surface. But, while the
continents are separate areas, the oceans occupy one continuous basin or
channel. The waters surround the Antarctic pole and stretch north in three
- the Atlantic, the Pacific, and the Indian oceans. The land
prolongatioiis,
is gathered about the Arctic, and reaches south in two great continental
masses, the occidental and oriental, called America and Eurasia; but the
latter, through Africa and Australia, has two southern prolongations,
Thus the conti
making, in all, three, corresponding to the three oceans.
nents and oceans interlock, the former narrowing southward, the latter
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northward.

This subject is illustrated on the map, page 47. It is a Mercator's chart of the World,
which, while it exaggerates the polar regions, has the great advantage of giving correctly
all courses, that is, the bearings of places and coasts. The trends of lines (" trend" means
ineely course or bearing) admit, therefore, of direct comparison upon such a chart. It is
important that the globe should be carefully studied in connection with it, in order to
correct misapprehensions as to distances in the higher latitudes, and to appreciate the
convergences between lines that have the same compass-course. The low lands of the
continents on this chart, or those below 800 feet in elevation above the sea, are distin
guished from the higher lands and plateaus by a lighter shading. The oceans are crossed
by isothermal lines, which are explained beyond.
The Atlantic is the narrow ocean, the mean breadth of the North Atlantic
The Pacific is the broad ocean, being 6000 miles
being about 2800 miles.
across, or more than twice the breadth of the Atlantic.
The occident, or

America, is the narrow continent, about 2200 miles in average breadth;
Eurasia, the broad continent, 6000 miles in average breadth. Each continent
has, therefore, as regards size, its representative ocean.
The Pacific Ocean,
This is ten
reckoning only to 62° S., has an area of 62,000,000 square miles.
r tillions beyond the area of the continents and islands, and nearly one third
of the earth's surface.

- The oceanic
(3) Oceanic depression.
(a) Outline.
depression is a'vast
sunken area, varying in depth from 500 feet or less to probably 30,000 feet.
The true outline of the depression is not necessarily the present coast
line. About the continents there is often a shallow region which is the
submerged border of the continent. On the North American coast, off New
Jersey, as shown on the bathymetric map (page 18), this submerged border
extends out for 110 miles (and 120 from New York City), with a depth,
at this distance, of only 600 feet, its slope outward only one foot in 968.
At the 100-fathom line, as shown on the map, the waters suddenly deepen,
and here the true oceanic basin begins.
This continental border of the
ocean (see large bathymetric map following page 20, on which the 100-fathom
line is finely dotted) extends northward to Newfoundland and beyond, and
DANA'S MANUAL -2
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also southward to Cape Hatteras. Off the Carolinas it narrows much; but
in the Gulf of Mexico it has its usual width. At times in
geological history
it has been part of the actual dry border of the continent.
This is proved
the
existence
of
a
river-channel, that of the Hudson, over its submerged
by
surface, as shown on the accompanying map of the Atlantic border.
As
here seen, the depth of water over this border is not 50 fathoms (300 feet)
until within 15 miles of the 100-fathom line.
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On the Pacific side of both North and South America the submerged
continental border is narrow. Off California, the distance to the 100-fathom
line is in general only about 10 miles.
There is then a sharp descent to
500 or 600 fathoms, and from this a decline of 1600 to 2400 fathoms within
40 or 50 miles.
This is in great contrast with the Atlantic border.
G.

Davidson, of the Coast Survey, reports the existence of several deep
submarine channels leading outward from the coast, which are most
proba
bly due to streams that flowed along them at some time when the land
stood much above its present level.
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Great Britain stands on a broad continental border not over 600 feet
deep, and is therefore part of the European continent. A large part of the
German Ocean is not over 95 feet deep.

In a similar manner, the East India Islands down to a line by the north
o New Guinea and Celebes are a part of Asia, the depth of the seas between
seldom exceeding 300 feet, while New Guinea is a part of Australia. In like
manner, the Falkland Islands are a part of South America.
These facts with respect to the 100-fathom (600 feet) limit off the
American and other coasts are illustrated on the following map.
(b) Depths of the ocean. - The depths of the ocean are given on the
following bathymetric map, prepared by the author from the charts Qf
the United States and British Hydrographic Department, and from the
soundings of the vessels of the United States Fish Commission. The lines
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marking equal depths are made heaviest for the greatest depths, as explained
on the map. The depths are given in 100 fathoms, 21 meaning 2100
fathoms (12,600 feet).
The mean. depth of the whole ocean has been estimated at 14,000 feet;

that of the North Atlantic, at 15,000; and that of the North Pacific, at 16,000
feet. As exhibited on the map, the western half of the Pacific and Atlantic
oceans has greater mean depth than the eastern; for it contains all the
4000-fathom areas, and the larger part of the 3000-fathom areas.
In the
Indian Ocean the eastern side is the deeper.
In the North Atlantic, deep waters and abrupt slopes extend along near
the north shores of the West India Islands; and in this line, north of Puerto
Rico, occurs the greatest depth of the Atlantic Ocean, 4561 fathoms, or
27,366 feet. The mean slope from the Puerto Rico coast to the bottom is
about 1 : 14. A deep trough with abrupt sides extends from this depression

westward, north of Haiti or San Domingo; and south of Cuba there are
depths between 18,000 and 21,000 feet.
In the Pacific, off the east shore of northern Japan and the Kurile
Islands, there is a long 4000-fathom area, in which the greatest depth found
is 4656 fathoms, or 27,936 feet. An isolated depression of 4475 exists south
of the largest end of the Ladrone Islands, and others over 4000 fathoms
southeast of the Friendly Islands.
In the North Atlantic, between Greenland and Iceland and
Norway, the
Scandinavian
lies
at
a
in
great
plateau
depth,
general, of only 1500 to 3000
feet; and along one course the greatest depth does not exceed 3600 feet.

Iceland stands upon it and is prolonged in a ridge under water southwest
ward for 750 miles, and northeastward to the island of Jan Mayen.
The
plateau has to the north of it a large, deep region of 12,000 to 15,000 feet.
To the southward it is prolonged southwestward in a relatively shallow area,
called the Dolphin shoal, which passes near the middle of the ocean to the

parallel of 25° N. or beyond, with less than 12,000 feet of water over it, and
mostly under 9600 feet. Either side, the depths are 15,000 feet or over, and
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to the westward, to a large extent, 17,400 to 21,000 feet. The facts show
plainly that if this Dolphin shoal was ever emerged as an Atlantic conti
nent, - the fabled Atlantis of speculation, -it never could have contributed
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any of its detritus to the American continent.
European side.

It belongs more to the

Another shallow area occupies the middle of the south Atlantic basin in a
direction ; and at its north end it is prolonged west-northwestward toward shallow
north-and-south
areas farther west. Whether the shallow area about its southern extremity reaches into
antarctic seas is not yet ascertained. A large shallow area exists on both sides of Pata
gouia, with a west-northwest trend (see map). It may be continued in the Pacific to the
Paumotus and beyond ; if so, it follows the course nearly of the axis of the Pacific Ocean,
as the Dolphin shoal does that of the North Atlantic.
The West India sea has three deep areas : that of the Caribbean Sea, 17,0(10 feet. in
greatest depth (which has its deepest connection with the Atlantic between Santa Cruz
and Puerto Rico, 5400 feet) ; the Cuban sea, or west Caribbean, separated from the east
Caribbean by shallow waters-600 to 4080 feet (100 to 080 fathoms) - between Iloinluras
and Jamaica, with a maximum depth of more than 20,000 feet; and the Gulf of Mexico,
12,714 feet in maximum depth. The Mediterranean Sea, 2100 miles long, has likewise
its three deep-water areas: the eastern or "Levant" sea, about 13,000 feet in greatest
depth ; the central, between Sardinia and Italy (separated from the eastern by relatively
shallow water, not ever 200 fathoms, between western Sicily and 'Punis in Africa). 12,5(10
feet; and the western, 0500 feet.
The Straits of Gibraltar are mostly about 000 fathoms deep, but only 100 between
Cape Spartel and Cape Trafalgar.
The ranges of islands show the chief courses of shallow water in the
ocean, and the bathymetric lines drawn about them, the outline of the
basement ridges of which the islands are the summits. Some of the isolated
islands, especially those of coral-reef origin, have great depths close about
them. Bermuda, in the Atlantic, has a depth of nearly 16,000 feet (20O
fathoms) within 25 miles to the eastward, whence the mean submarine
slope is 1 : 8k-; and a depth of 12,000 feet exists within six miles on one
side and 9-A- miles on the opposite - making the mean submarine slopes to
this depth very steep, they being 1: 264 and 1 42.
The small P1ioniix
Islands, in the central Pacific, stand in a large area of 18,000 to 21,000 feet,
and have depths of 18,000 to 20,000 feet between them, with similarly
steep submarine slopes; in one case a slope to the 12,000 point of 1 15.
At Keeling atoll, in the Paumotu Archipelago, Captain Fitzroy, R. N., found
no bottom in 7200 feet at 2200 yards from the breakers - which gives a
pitch-off exceeding 1 092.

The island chains of the ocean may seem to indicate that great irregu
larity prevails elsewhere over the bottom of the ocean. But, while abrupt
depressions and elevations do exist, the abyssal slopes are in general very
gradual. One remarkable exception is the occurrence in. the vicinity of the
Canaries of a submarine crater a few miles wide and 1000 feet deep.
Such
cases are most likely to occur in the vicinity of volcanic islands.
Whether
the great depths south of the Ladrones and the Friendly Islands are craters
or not is undetermined.
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To appreciate the oceanic basins, we must conceive of the earth without
water, - the depressed areas, thousands of miles across, sunk 10,000 to
perhaps 30,000 feet below the bordering continental regions, and covering
four elevenths of the whole surface.
The continents, in such a condition,
would stand as elevated mountain plateaus encircled by one great uneven,
almost featureless, basin.
If the earth had been left thus, with but shallow

briny lakes about the bottom, there would have been an ascent of five
miles or more from the Atlantic basin to the lower part of the continen
tal plateau, and about five miles more to scale the summits of the loftier
mountains of the globe.
The continents would have been wholly in the
regions of the upper cold, all alpine, and the bottoms of the oceanic
basin under oppressive heat, with drought and barrenness universal.
The
uneven surface of the oceanic basin has been leveled off to a plain by

filling it with water. The greatest heights of the world have thereby been
diminished more than one half, and genial climates substituted for intol
erable extremes, rendering nearly all the emerged land habitable, and giving
moisture for clouds, rivers, and living species. By the same means distant
countries have been bound together by a common highway, into one arena
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of history.
The calculated mass of the ocean, taking the depth as above given, is
1,320,000,000,000,000,000 tons.
- (a) Position of the land. - The land of
(4) General view of the land.
the globe has been stated to lie with its mass to the north, about the Arctic
pole, and to narrow as it extends southward into the waters of the southern
hemisphere; with the mean southern limit of the continental lands in the

parallel of 45°, or just half-way from the equator to the south pole.
South America reaches to 56° S. (Cape Horn, being in 55° 58'), which
is the latitude of Edinburgh or northern Labrador; Africa only to 34° 51'
(Cape of Good Hope), nearly the latitude of the southern boundary of
Tennessee, and 60 miles nearer the equator than Gibraltar; Tasmania (Van
Diemen's Land) to 43-° S., nearly the latitude of Boston or northern
Portugal.
(b) Distribution. - The independent continental areas are three in num
ber: America, one; Europe, Asia, or Eurasia, and Africa, a second; Australia,
the third.
Through the East India Islands, Australia is approximately
con-nected
with Asia, nearly as South America with North America through

the West Indies; and, regarding it as thus united, the great masses of land
will be but two, - the American, or Occidental, and Europe, Asia, Africa,
and Australia, or the Oriental.
But, further, these great masses of land are divided across from east to
west by seas or archipelagoes. The West Indies (between the parallels of

10° N. and 30° N.), the Mediterranean (between 30° N. and 45° N.), and the
Red Sea, and the East Indies (between 30° N. and 10° S.), with time connect
ing oceans, make a nearly complete band of water around the globe, sub-
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dividing the Occident and Orient into north and south divisions.
Cutting
across 37 miles at the Isthmus of Darien, where at the lowest paSS the
greatest height above mean tide level does not exceed 260 feet, -,I,s has been
done at the isthmus of Suez, where the highest point of the isthmus is only
40 feet above the sea, the girth of water would be unbroken.
This belt of
water, like the continents, is situated mostly in the northern hemisphere,
instead of corresponding in its course to any great circle.
America is thus divided into North and South America. The oriental

lands have one great area on the north, comprising Europe and Asia com
bined, often named Eurasia, and, on the south, (1) Africa, separated from
Europe by the Mediterranean, and (2) Australia, separated from Asia
by the East India seas. Thus the narrow Occident has one southern
prolongation, and the wide Orient two. The Orient is thus equivalent to
two Occidents in which the northern areas coalesce, -Europe and Africa
one, Asia and Australia the other; so that there are really three doublets ill
the system of continental lands. The Caspian and Aral, which are salt seas,
lie in a depression of the continent of great extent, - the Aral being near
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the level of the ocean, and the Caspian 84 feet below that of the Black Sea.
The continents have several common features entitling them to be viewed
as individuals under a common type of structure. They have (1) a like

position on the sphere, each lying with its head or broader end to the north,
and the tapering extremity to the south. North America, South America,
and Africa strongly exhibit this characteristic; Asia somewhat less mani
festly, yet decidedly in the great triangles of her southern border, Hindostan
and Siam. Australia is seemingly an exception; but there is evidence that
this land has been narrowed and shortened by subsidence, and thus has lost
New Zealand, its eastern front, and probably a large region to the south.
(See large bathymetric map following page 20.)
Another striking fact, showing system in arrangement, is seen (2) in the
relative positions of the southern and northern continents. South America
and Australia are not to the south of the related northern continent; on the
contrary, the center of South America is about 40° in longitude east of
that of North America, or nearly an eighth of the sphere, and Australia
40° east of that of Asia. Thus there is a zigzag alternation in the positions
of the four great masses of land.
Further, (3) the curving line of islands
in the West Indies from Florida to Trinidad is similar in form to that
between Malacca through Sumatra and New Guinea to New Zealand,
although much shorter.
These are three of the points in which the continental individualities
exhibit the system that exists in the earth's physiognomy.
- The islands
(c) The islands.
adjoin inj the continents are properly conti
nental islands. Besides the examples mentioned on page 19, Japan and the
ranges of islands of eastern Asia are strictly a part of Asia, for they con
form in direction to the Asiatic system of heights, and are united to the
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main by shallow waters.
Vancouver Island and others north of it are
similarly a part of North America; Chloe, and the islands south to Cape
Horn, a part of South America; and so in other cases.
In general they
to
a
broader mountain range more or less submerged.
correspond
The oceanic islands are, in general, as has been stated, the summits of
The Atlantic and Indian oceans are
submerged oceanic mountain chains.
free
from
them.
The
Pacific contains about 675 islands, with a mean
mostly
area of only 80,000 square miles.
Excluding New Caledonia and some other
islands
in
its
southeastern
large
part, the remaining 600 islands have an area
of but 40,000 square miles, or less than that of the state of New York.

(d) Mean elevation of the land. - The mean height of the continents
above the sea has been estimated at nearly 1800 feet, and the mean
height
of them severally is stated as follows: Europe, 975 feet; Asia, 2880; North
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America, 2000; South America, 1750; and Africa, probably about 2000 feet.
The material of the Pyrenees spread over Europe would raise the surface
only 6 feet; and the Alps, though of four times larger area, only 22 feet.

The following estimates have been made for the mean heights of the United States:
for the whole area, Alaska excluded, 2500 feet; Alabama, 500 ; Arizona, 4100; Arkansas,
650; California, 2900; Colorado, 6800; Connecticut, 500; Delaware, 60; District of Co
lumbia, 150; Florida, 100; Georgia, 600; Idaho, 5000; Illinois, 600; Indiana, 700; Iowa,
1100; Kansas, 2000; Kentucky, 750; Louisiana, 100; Maine, 600; Maryland, 350; Mas
sachusetts, 500 ; Michigan, 900; Minnesota, 1200; Mississippi, 300; Missouri, 800; Mon
tana, 3400; Nebraska, 2600 ; Nevada, 5500; New Hampshire, 1000; New Jersey, 250;
New Mexico, 5700; New York, 900; North Carolina, 700; North Dakota, 1900; Ohio, 850;
Oklahoma, 1300; Oregon, 3300; Pennsylvania, 1100; Rhode Island, 200; South Carolina,
350; South Dakota, 2200; Tennessee, 900; Texas, 1700; Utah, 6100; Vermont, 1000;
Virginia, 950; Washington, 1700; West Virginia, 1500; Wisconsin, 1050; Wyoming,
6700. (Gannett.)
The extremes of level in the land, so far as now known, are, 1390 feet
below the level of the ocean at the Dead Sea, 1300 feet in the deepest part
of the Jordan valley, and 29,002 feet high in Mount Everest of the
Himalayas,
which have many peaks over 25,000 feet.
In America, Death Valley, on the southeast border of California, descends
480 feet below the sea level.
As stated by F. S. Coville, it is 175 miles long
and 20 in greatest width, and has the Funeral Mountains, 7000 feet
high, on
the east, and the Panamints, 11,000 feet, on the west.
(5) Subdivisions of the surface, and character of its reliefs. - The surfaces
of continents are conveniently divided into (1) lowlands; (2)
plateaus, or
elevated table-lands; (3) mountains.
The varying levels above the sea
make up the reliefs of a continent. The limits between these subdivisions
are quite indefinite, and are to be determined from a general
survey of a
rather
than
from
country
any specific definitions.
LOWLANDS. -The lowlands include the extended plains or country lying
not far above tide level. In general they are less than 1000 feet above the
sea; but they are marked off rather by their contrast with higher lands of
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the mountain regions than by any special altitude.
The surface is usually
undulating, and often hilly. The great interior region of the North Ameri
can continent, including the Mississippi valley, is an example of an interior
plain; also the plains of the Amazon; the pampas of La Phtta; the lower
lands of Europe and Asia. Frequently the surface rises gradually into the
bordering mountain-declivities, as in the case of the Mississippi plains and
the Rocky Mountain slope. Broad, low plains between mountain ranges and
the seashore are called coastal plains. Along the eastern border of North
America from New Jersey southward, the
navigable streams. Next west is a region
with rapid streams -the Piedmont region,
region, or that of the mountains.
A mountain is either a single peak, as

coastal plains are broad and have
of more uneven and rocky country
which extends to the Appalachian

Mount Etna, Mount Washington,
Mount Blanc; or a ridge; or a series of ridges, sometimes grouped in many,
more or less parallel, lines.
A mountain range consists of a series of ridges closely related in position,
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direction, and origin: as in the Appalachian ranges, the Wasateh, the
Sierra Nevada. A sierra is, in Spanish, the name of a ridge, or group of
ridges, of serrated or irregular outline.
A mountain system consists of two or more mountain ranges, of the same
period of origin, belonging to a common region of elevation, and generally
either parallel or in consecutive lines, or consecutive curves, with often
inferior transverse lines of heights. A mountain chain consists of two or
more mountain-systems of different periods of origin, in the same part of a
continent. The oldest of the mountain ranges in a chain is called the protaxis
-so named from the Greek for first and axis (see the map of the Arckean

areas on page 443). The other ranges are usually parallel to the prota.xis,
The Appalachian Chain ex
and. may, or may not, have greater height.
tends from Canada to Alabama, and comprises (1) the protaxis, represented
by the Highlands of New Jersey and I'iitnam County, New York, and their
continuation northward interruptedly along the eastern half of the Green
Mountains into Canada, and southward, as a narrow, interrupted area,
through Pennsylvania, and a very broad area through Virginia, to Georgia;
(2) the Taconic Range, along the borders of New England and New York to

New Jersey and beyond; and (3) the Appalachian Range.
The Rocky Mountains also have a protaxis, with approximately paral
"
lel ranges of later formation. This protaxis is the "Front Range in Colo
rado, nearly 1000 miles from the Pacific coast, making the Pacific border
region in this part very wide. But to the north, in Montana and Wyoming,
the protaxis makes a westward bend of 2&) miles, and then resumes a north
westward course and continues to the parallel of 52.-°, and is represented
beyond this in isolated ridges ; consequently the Pacific border region of
British America is relatively narrow. The line to the north of the United
States appears to be represented to the south in the Archaan axis of the
Wasatch and some other similar ridges. The very large area of time Pacific
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border, lying between the Wasatch line and the line of the Front Range, is
distinctively a Rocky Summit area, and peculiar to the United States portion
of the chain. A cordillera is a combination of mountain chains.
The Coast Cordillera within about 150 miles of the coast includes the

Sierra Nevada and Cascade ranges and a range in continuation in British
Columbia, which constitute together a Sierra Chain, and have heights equal
to those of the Rocky Mountain summit, and a Coast Chain 2000 to 4000

feet high in California, which is continued in the Vancouver Range of British
America, -484 feet high in one Vancouver peak, - and, beyond the islands
On the
of the coast, in the lofty Fairweather and. St. Elias line of heights.
further,
terms range, system, chain, cordillera, etc., see
page 389.
A
elevated
PLATEAUS.
plateau is an. extensive
region of flat or hilly

surface, sometimes intersected by ranges of mountains. Any extensive range
of generally flat country that is over a thousand feet in altitude is called a
plateau. It may lie along the course of a mountain chain, or occupy a wide
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region between distant chains. The high land that forms the southern half
of New York is generally 1500 to 2000 feet high, and reaching an elevation of
more than 4000 feet in the Catskills, is the northern part of a plateau which
southward extends through Pennsylvania to Tennessee, and in the latter re
gion constitutes the Cumberland Table-land. It is an example of a marginal
- that of the
Appalachian
plateau, connected in origin with a mountain range,
Mountains, -and constituting its outer margin. The channeling action of
running water has mostly obliterated the plateau character, and converted the
region into a group of peaks, ridges, and valleys. In this way high plateaus
have often been sculptured into mountain-like forms. The " high plateaus"
of southern Utah, which range in height from 7000 to 9500 feet, are properly
a marginal appendage to the Wasatch Range, as their elevation was connected

with that attending the making of these mountains.
Other plateaus are intermont plateaus. They occupy the interval between
mountain ranges, chains, or cordilleras, and are the highest and largest of
Between the Rocky and Sierra cordilleras a broad plateau
plateaus.

It is mostly
extends from Mexico northwestward through British America.
from 3000 to 5000 feet in altitude, but the Columbia River and the Colorado
have each cut a way through the Sierra Chain and reduced the level by
denudation. There are many high ridges in the plateau, parallel in course,
or nearly so, to the mountain ranges of the sides, and in part of Oregon and
of British Columbia ridges occupy the whole breadth; but in general the
plateau features are well defined.
The portion of the plateau between the Colorado and Columbia rivers
is called the Great Basin. It has the Great Salt Lake and the Wasatch.
Mountains on the east, and the Sierra Nevada and Cascade Mountains on
the west, and in this part it is nearly 500 miles wide.
Its surface is mostly
4000 to 5000 feet above tide level; but although so high, it has no outside
drainage. Its streams are short, and dry up over arid saline plains or end in
saline lakes.
Great Salt Lake, in Utah, is one of these lakes near its eastern
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border, and Mono Lake in California, at the foot of the lofty Sierra, is
another on the western border. The eastern halt of the plateau south of
the Colorado River extends south into Mexico, and there has similar arid

features, with saline lakes and inside drainage.
The plateau of Tibet is an iiitermoiit plateau between the main range of
the Himalayas and the Kuen-Lun Mountains.
It is about 13,000 feet in
altitude, but is overlooked by mountains having an altitude of 25,000 to
29,000 feet, and has its own ridge of 20,000 feet. It is 1200 miles from east
to west, and half this in mean breadth; but its eastern half is much eucuni
bered by ridges.
The plateau of Quito, about 300 miles long, 40 miles wide, and 10,000 feet
above tide level, is situated between two parallel cordilleras of the Andes,
the eastern of which contains among its snow-capped cones or domes,
Cayamube (19,535, and on the equator), Antisana, Cotopaxi (19,613), Sangay;
and the western, including Chimborazo (20,498 feet), Pichincha (15,924 feet),
and others. The plateau of Bolivia has an elevation of 12,900 feet, with
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Lake Titicaca at 12,830 feet, and the city of Potosi at 13,330 feet.

In Europe, Spain is for the most part a plateau about 2250 feet in average elevation;
Auvergne, in France, another, of about 1100 feet; Bavaria, another, of 1660 feet. Persia
is a plateau varying in elevation between 2001) and 4000 feet, with high ridges in many
parts. The Abyssinian plateau, h Africa, has an average elevation of more than 7000
feet; the region of Sahara about thOO feet, except the southern part, which lies mostly at
a greater altitude than 650 feet; that of soutimern Africa south of the parallel of 100 S.
from 3000 to 4000 feet in mean altitude, and rising into many high summits, with the ele
vation least to the west.
MOUNTAINS. - (a) Slopes of mountains. - The mountain mass. - The
slopes of the larger mountains and mountain chains are generally very
gradual. Some of the largest volcanoes of the globe, as Etna (Sicily) and
Loa (Hawaii), have a slope of only six to eight degrees: such mountains are
broad cones, having a base of 40 miles or more. The higher volcanic cones
of western America are mostly 25° to 35° in angle of slope.
The average eastern slope of the Rocky Mountains seldom exceeds 10
feet a mile, which is about one foot in 500, equal to an angle of only 7'.
On the west the average slope is but little less gradual. The rise on the
east continues for 600 miles, and the fall on the other side for 400 to 500
miles; the passes at the summit have a height of 4944 to 10,000 feet; and
above them, as well as over different parts of the slopes (especially on the
west), there are ridges carrying the altitude above 14,000 feet. The highest
part of the range is in Colorado, where the passes are 11,000 to 13,000 feet
high; while in latitude 320 the passes are about 5200 feet; on the Central

Pacific Railroad, 6184 feet high; in Canada, 5264 to 7100 feet high; -and oil
the Canadian Pacific (the Kicking Horse Pass) 5300 feet high. The moun
tain mass, therefore, is not a narrow barrier between the east and west, as
might be inferred from the ordinary maps, but a vast yet gentle swell of the
surface, having a base 1000 miles in breadth, and the slopes diversified with
various mountain ridges, or spreading out in plateaus at different levels.
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In the Sierra Nevada, the western (or gentler) slope is between 100 and
250 feet to the mile, and the eastern, for a larger part of its length, 1000

feet. In the Andes the eastern slope is about 60 feet in a mile, and the
western 100 to 150 feet; the passes are at heights from 12,500 to 16,160
The slope is
feet, and the highest peak - Sorata in Bolivia - 25,290 feet.

much more rapid than in the Rocky Mountains. But there is the same kind
of mountain mass variously diversified with ridges and plateaus. The exist
ence of the great mountain mass and its plateaus is directly connected with
the existence of the main ridges.
But it will be shown in another place that
the ridges may have existed long before the mass had its present elevation
above the sea.
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In the Appalachians the mountain mass is very much smaller, and the
component ridges are relatively more distinct and numerous; and still the
general features are on the same principle. The greatest height -Mount
Mitchell or Black Dome in North Carolina -is 6707 feet.
It is common to err in estimating the angle of a slope. To the eyes of most travelers,
a slope of 60° appears to be as steep as 800, and one of 300 to be at least 500. In a front
view of a declivity it is not possible to judge
3.
rightly. A profile view should always be
obtained and carefully observed before regis
tering an opinion.
In Fig. 3 the bluff front facing the left
24
would be ordinarily called a vertical precipice,
while its angle of slope is actually about
65°; and the talus of broken stones at its base would seem at first sight to be 600,
when really 400.
4.
T
----B
5.
A
B
6.

Fig. 4 represents a section of a volcanic mountain 30 in angle; Fig. 5, another, of 70,
the average slope and form of Mount Kea, Hawaii; Fig. 6, the same slope with the top
7.

8.

//NN
rounded, as in Mount Loa; Fig. 7, a slope of 150; Fig. 8, Jorullo, in Mexico, which has
one side 270 and the other 34°, as measured by N. S. Manross; Fig. 9, a slope of 40°, -
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the steepest of volcanic cones. The lofty volcanoes of the Andes are not steeper than in
Fig. 8, although often represented with angles of 400 to 50°.
With a clinouieter (see Fig. 89, page 100) held between the eye and the mountain, the
angle of slope may be approximately tneasiu'ed. When no instrument is at hand, it is easy
to estimate with the eye the number of times a vertical, as AB in Fig. 5, is contained in the
semi-base, BC; and, this being ascertained, the angle of slope may be easily calculated.
The ratio 1: 1 corresponds to the angle 450 ; 1: 2 to 26° 34' ; 1: 3 to 18° 26' ; I 4 to 14°
2'; 1:5to110 18'; 1:6 to90 281 ; 1:7to80 8'; 1:8to711 7'; 1:9to01 20,'; 1 :10 to
50 42k'; 1: 12 to 4° 46'; 1: 15 to 3° 40'; 1 : 20 to 2° 52'. The inclinations corresponding
to these ratios may be easily put into a diagram.
For altitudes over the United States, see Bulletin No. 70, U. S. Geol. Survey, by
H. Gannett, 1801.
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(b) Ridges.-The ridges of a chain vary along its course. After con
tinuing for a distance, they may gradually become lower and disappear; and.
while one is disappearing, another may rise to the right or left; or the
mountain, for scores of leagues, may be only a plateau without a high ridge,
and then new ranges of elevations may appear. The Rocky Mountains well
exemplify this common characteristic, as may be seen on any of the recent
maps. The Sierra Nevada dies out where the Cascade Range begins; and
each has minor examples of the same principle. The Andes are like the
Rocky Mountains; only the parts are pressed into narrower compass, and
the crest ranges are hence continuous for longer distances. The Appalachian
ridges rise and sink along the course of the chain.

11

10-15.

-

10
_-

-

-

12

The general idea of this composite structure is shown in Figs. 10 to 15,
where each series of lines represents a series of ridges in a composite range.
In Fig. 10 the series is simple and straight; in Fig. 11 it is still straight, but
complex; in Fig. 12 the parallel parts are so arranged as still to make a
nearly straight composite range; while in Figs. 13 and 14 the succession
forms a curve; and in Fig. 15 there are transverse ridges in a complex series.
In ridges or ranges thus compounded, the component parts may lie distinct,
or they may coalesce so as not to be apparent.
RIVER SYSTEMS. -Plateaus and mountains are the sources of rivers.
They pour the waters along many channels into the basin or low country
toward which they slope; and the channels, as they continue on, unite into
The basin
larger channels and trunks which bear the waters to the sea.
The
and its surrounding slopes make up a river system or drainage area.
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extent of such a region will vary with the position of the mountains
and ocean.
Over a continent there are the interior and the border river
systems
or drainage areas; the former very large and few, the latter
many and
small.
relatively

In North America, having the Rocky Mountains on the west and the
Appalachian on the east, the great interior slopes are three : southward,
along the Mississippi; eastward, along the St. Lawrence; and northward,
along the Mackenzie and other streams.
The tributary streams of the Mississippi rise on the west,
among the
of
the
Mountains,
the
in
and
near
the
heights
Rocky
Yellowstone
region
Park supplying waters to the Missouri through a number of tributaries
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including the Yellowstone and the Front Range of Wyoming, Colorado, and
New Mexico, giving origin to the Platte, Arkansas, and Canadian rivers;
on the north, in the central plateau of the continent, in northern Minnesota,
west of Lake Superior, near lat. 47°-48°, long. 93°-96°, 1680 feet in elevation
- a
region of lakes which is the source of the Mississippi of the maps;
and on the east, in the Appalachians, from western New York to Alabama.
There are also other rivers flowing from the west into the Gulf of Mexico;
but, in a comprehensive view of the continent, these
belong to the same
river
great
system.

The St. Lawrence commences in the head waters of Lake
Superior, about
the same central plateau, embraces the Great Lakes with their tributaries,
and flows finally northeastward, following a northeast slope of the continent.
North of Lake Superior and the head waters of the Mississippi, as far as the

parallel of .55°, there are other streams, which also flow northeastward,
deriving some waters from the Rocky Mountains through the Saskatchewan,
and reaching the ocean through Hudson Bay. Winnipeg Lake is here in

cluded. These belong with the St. Lawrence, the whole together
constituting
a second continental river system.
The Mackenzie is the central trunk of the northern river
Start
system.
from
near
the
ing
parallel of 55°, it takes in the slopes of the Rocky
Mountains adjoining, and much of the northern portion of the continent.
Athabasea, Great Slave, and Great Bear lakes lie in this district.
The border river systems depend for their extent on the height and
slope of the mountains, the distance from the coast, and the structure of the
mountain region. The Appalachian range, mostly below 5000 feet in height,
is 150 to 300 miles from the coast. But the mountains are a succession of

overlapping parallel ridges, and the rivers in their higher parts go back and.
forth between the ridges, thus deriving a more gradual slope, a much greater
length, and producing a longer range of watered country. The Rocky Moun
tains, 10,000 to over 14,000 feet high, are 600 to 1000 miles from the coast.
But a second chain of equal height - that of the Sierra and Cascade ranges,
with the range of the California peninsula, which is probably a southern
continuation of the line -stands as a barrier to the more eastern drainage
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within 150 miles of the coast, and thus influences the extent of the Pacific
border river systems. The western drainage of the Rocky Mountains,
rising
partly in the Yellowstone Park, and partly just south of it, has its outlet
to the ocean through the Colorado and Gulf of California, and
along the
Columbia River and streams farther north, the Colorado and Columbia
reaching salt water at points 1200 miles apart. Thus it is that the "Great
Basin" is without drainage. Again, a subordinate range of this chain, that
of the Coast Range, 2000 to 4000 feet high, is a barrier, for 800 miles, to
most of the drainage waters of the Sierra Nevada and Cascade Mountains;
and consequently the Sacramento and Joaquin rivers, and not the ocean,
receive all the Sierra waters for 500 miles, and the Willamette, the waters
of the Cascade Range for 150 miles.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

South America has an arrangement of interior river systems parallel to
that of North America; the Amazon flowing eastward, like the St. Lawrence;
the La Plata flowing southward, like the Mississippi; the Orinoco and other
streams northward, like the Mackenzie. This adds a fourth to the charac
teristics exhibiting parallelism in structure between two continents, North
and South America (page 22). Africa., on the opposite side of the Atlantic,
has the arrangement reversed as regards the east and west streams : the
great Niger empties into the western ocean, the Atlantic; the Nile is the
northward-flowing stream; but the southward-flowing interior waters are
divided between the Congo draining to the southwestward and the Zambesi
to the southeastward.

The lengths and drainage areas of some of the largest of rivers are as follows: Amazon,
length (L.) = 3545 miles, drainage-area (D.) = 2,264,000 square miles; La Plata, L. = 2400,
D. = 1,250,000; Mississippi, L. = 2800 (but from its mouth to the head of the Missouri
4200), D. = 1,285,000; Nile, L. = 3815, D. = 1,049,000; Congo, L.
2900, D. = 1,540,000;
Yenisei, L. = 2800, D. = 784,500; Amur, L. = 2380, D. = 583,000; Obi-Irtish, L. =
2320, D. = 725,000; Lena, L. = 2400, D. = 594,000; Yang-tse-Kiang, L. = 2800, D. =
548,000; Hoang Ho (Yellow River), L. = 2280, D.
537,000.
The lengths of the valleys, excluding the minor beds, are: the Amazon, 2600 miles;
the Mississippi, 1164; the Nile, 3100.
IT.

SYSTEM IN

THE

RELIEFS

OR

SURFACE

CONTINENTS.

FORMS

OF

THE

Law of the system. - The mountains, plateaus, lowlands, and river
regions
are the elements, in the arrangement of which the system in the surface form
of the continents is exhibited. The law at the basis of the
system depends
on a relation between the continents and their bordering oceans, and is as
follows : First. The continents have in general elevated mountain borders and
a low or basin-like interior.
Second. The highest border faces the larger ocean.
A survey of the continents in succession with reference to this law will
exhibit both the unity of system among them and the peculiarities of each,
dependent on their different relations to the ocean.
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- The two Americas are alike in
(1) America.
lying between the Atlan
tic and the Pacific. North America, in accordance with the law, has on the
Pacific side - the side of the great ocean - the Rocky Mountains, on the
Atlantic side the low Appalachians, and between the two there is the great
This is seen in the annexed section (Fig.
plain of the interior.
16) from
16.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

west to east: on the west, the Rocky Mountains, with the double crest, at
b;
the Sierra Range at a.; between a and b the Great Basin; at d the
Appa.
lachians; c the Mississippi; and between Ct and b a section of the
Mississippi
river system.
The Appalachians, on the east, reach an extreme height of but 6700 feet,
and are in general under 2500 feet.
To the north of North America lies the small Arctic Ocean, much encum
bered with land; and without any distinct mountain-chain facing the ocean.
South America, like North America, has its great western range of mountains, and its smaller eastern range (Fig. 17); and the Brazilian line
(b) is
17.

The Andes (a) face the very
closely parallel to that of the Appalachians.
broad South Pacific, and have more than twice the average height of the
Rocky Mountains; moreover, they rise more abruptly from the ocean, with
narrow shore plains.

Unlike North America, South America has a broad ocean on the north,
- the North Atlantic in its
longest diameter; and along this northern coast
a mountain chain extends through Venezuela and Guiana.
(2) Europe and Asia. - The land covered by Europe and Asia is a single
area of land, only partially double in its nature (page 22).
Unlike either of
the Americas, it lies east-and-west, with an extensive ocean
facing Asia on
the south; and its great feature lines are in a large degree east-and-west.

The small Arctic Ocean is on the north; the larger North Atlantic on the
west; the still larger North Pacific on the east; Africa and the broad Indian
Ocean, singularly free from islands, are on the south. The boundary is
a complex one, and the land between the Atlantic and Pacific is over 6000
miles broad.
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On the side of the North Atlantic there are the mountains of Scan
dinavia and the British Isles, the former having a mean height of 4000 feet
and a maximum, in Galdhopig, of 8400 feet; and farther south, the Alps
and other mountains of eastern Europe, the higher portions covering but
small areas. Oil the side of the larger Pacific there are loftier mountains
in long ranges - the Shan-a,-lin range of Manchuria, having peaks of 10,000
to 12,000 feet, and the high Khingan range of 15,00() feet, facing China.
Off
the coast there is still another series of ranges, now partly submerged,
viz. those of Japan and other linear groups of islands; these stand in front

of the interior chain, very much as the Cascade range and Sierra Nevada of
the Pacific border of America are in advance of the summit ridges of the
Rocky Mountains, and both are alike in being partly volcanic, with cones

of great altitude.
Thus viewing Eurasia across its whole breadth from west to east, there is
an interior basin of immense extent, which includes some of the lowest land
of the globe. The plains of eastern Europe, north of the Carpathians, com

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

prise three fifths of all Europe, and are situated, with reference to the
mountain-border of Europe, like the Mississippi basin with reference to the
Appalachians. Farther east there is the low land of the Caspian-Aral basin
of western Asia, a million of square miles in area, over a fourth of it lying
below the sea level.
Facing the large and open Indian Ocean, and looking southward, stand
the Himalayas,- the loftiest of mountains, in which peaks of 20,000 feet
and over are very numerous, and few passes are under 16,000 feet, -called
the Himalayas as far as Kashmir, and from there, where a new sweep in the
curve begins, the Hindu-Kush, - the whole over 2000 miles in length:
not so long, it is true, as the Andes, but continued as far as the ocean in
front continues. The Kuen-Lun Mountains, to the north of the Himalayas,
make another crest to the great chain. Farther north lies the great interior
arid plateau, the Desert of Gobi; arid then rise other mountain chains, the
Thian-Shan to the northwest having peaks of 14,000 to 1,000 feet, the
Yablonoi to the northeast, and farther north, the Altai facing Siberia.
Beyond these stretches Siberia, an alluvial area, 1000 miles wide.
18.

The diagram (Fig. 18) represents the general features of a section from
north to south through the Himalayas. At a, there is the elevated land
of India; between a and b, the low river-plain at the base of the
Himalayas;
at b, the Himalayas; b to c, Plains of Tibet; c, the Kuen-Lun ridge; c to d,
Plains of Mongolia and Desert of Gobi; at dl the Altai; d to N, the Siberian
plains.
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The great desert-plateau of Gobi or Mongolia, 3000 to 4000 feet in eleva
tion, is a great interior basin, and the Altai and associated ranges are the
mountains facing the Arctic seas.
But the distance to those seas is so great
that it is as reasonable to regard the Mongolian area as a plateau between
high mountain ranges facing the Indian Ocean, and Arctic Asia, like Arctic
America, as without any mountains bordering the small Arctic sea.
The interior drainage system for Asia is without outlet. The waters are
shut up within the great basin, the Caspian and Aral being the seas which

receive the part of those waters not lost in the plains. The Volga and other
streams, from a region of a million of square miles, flow into the Caspian.
Lake Baikal, regarded as a Siberian lake, is 30 degrees of latitude, or over
2000 miles, from the Arctic coast.
The Urals, 2000 to 3000 feet in mean altitude, stand as a partial barrier
between Asia and Europe, parallel nearly with the mountains of Norway.
Looking over the broad surface of North America and of Eurasia on the

map, on page 47, the fact that the higher lands are on the side of the greter
ocean is strikingly illustrated.
In each, the dark shaded or more elevated
portion is mainly on the Pacific side.
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(3) Africa. - Africa has the Atlantic on the west, the broader Indian
Ocean on the east, with Europe and the Mediterranean on the north, and the
South Atlantic and Southern Ocean on the south.
The northern half has

the east-and-west position of Asia, and time southern the north-and-south of
America; and its reliefs correspond with this structure.
The Guinea coast,
belonging to the northern half, projects west in front of the south Atlantic,
and is faced by the east-and-west Kong range, about 2000 feet high; and

opposite, on the Mediterranean, there are the Atlas Mountains, the high
plateau of which is about 3000 feet; one peak in the Atlas of Morocco
is 13,000 feet high, although the ridges are generally 5000 to 14 000 feet.
The larger part of the Abyssinian Plateau is 6000 to 7000 feet in eleva
tion, but it has one summit of 15.000 feet.
It extends into time great plateau
of southern Africa; and just south of the equator stand Mount Kilima-Njaro,
18,715 feet high, and Mount Kenia, 18,000 feet, and near the meridian of
30°. and 2° S., Ruwenzori, 19,000 feet (Stanley). The pass from Zanzibar

to ratiganyika is 5700 feet. A height of 6000 to 8000 feet continues south,
becoming nearly 9000 feet in the South African Republic. The drainage of
the interior is consequently westward, and the Zambesi is the only stream
that breaks through and reaches the Indian Ocean. Africa has been well
described as a shut-up continent, its coasts being mostly without bays.
1.

The section Fig. 19 gives a general idea of its features from south
to north (the heights necessarily much exaggerated in proportion to the
DANA'S MASrAL-3
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length) ; a, the southern mountains; b, the southern plateau; c, Lake Tehad
depression; d, Sahara plateau; e, oases depression; f, mountains on the
Mediterranean, of which there are two or three parallel ranges.
Africa has, therefore, a basin-like form, but is a double basin; and its
The
highest mountains are on the side of the largest oee.an, the Indian.
of
the
mountains
the
Mediterranean
is
the
height
adjoining
only exception
to the relation to the oceans.

(4) Australia. -Australia conforms also to the continental model. The
highest mountains are on the side of the Pacific, -the larger of its border
oceans.
Mountain ranges extend along the whole eastern border from
Portland in Victoria to Cape York in the extreme north. The Australian
Alps, in New South Wales, facing the southeast shores, have peaks 5000 to
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6500 feet in height. The Blue Mountains next to the north are 3000 to 400
feet high, with some more elevated summits. On the side of the Indian
Ocean the heights are 1500 to 2000 feet. The interior is an arid region,
the center more than 600 feet above the sea.

The continents thus exemplify the law laid down, and not merely as
to high borders around a depressed interior, - a principle stated by many
geographers, -but also as to the highest border being on. the side of the
greatest ocean.'
This difference between the interior and the border regions runs parallel
with another of geological nature: the border region in its older rocks, if

not the newer, is a region usually of upturned beds, and the interior, for the
most part, of nearly horizontal beds.
The interior basin has this feature
in North America, in South America, and over eastern Europe in the great
plains of Turkey and Russia.

It is owing to this law that America and Europe literally stand facing
one another, and pouring their waters and the treasures of the soil into a
common channel, the Atlantic. America has her loftier mountains, not on
the east, as a barrier to intercourse with Europe, but off in the remote west,
on the broad Pacific, where they stand open to the moist
easterly winds
well
as
as
those of the west, to gather rains and snows, and make rivers and
alluvial plains for the continent; and the waters of all the
great streams,
lakes, and seas make their way eastward to the. narrow ocean that divides
the civilized world. Europe has her slopes, rivers, and great seas
opening
into the same ocean ; and even central Asia has her most natural outlet
westward to the Atlantic. Thus, under this
simple law, the civilized world
is brought within one great country, the center of which is the Atlantic,
uniting the land by a convenient ferriage, and the sides the slopes of the
Rocky Mountains and Andes on the west, and the remote mountains of
Mongolia, India, and Abyssinia on the east.2
This subject affords an answer to the inquiry, What is a continent as
1 First announced American Jour. &i., II vols. iii. 398, iv. 92, 1847,
and xxii. 335, 1856.
2 See Guyot's Earth and Man.
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distinct from an island? It is a body of land so large as to have the typical
basin-like form, -that is, independent mountain chains on either side of a
low 'interior. The mountain borders of the continents vary from 500 to 1500
miles in breadth at the base.
Hence a continent cannot be less than a
thousand miles (twice five hundred) in width.
ifi.

SYSTEM. IN THE COURSES OF THE EARTH'S FEATURE LINES.

The system in the courses of the earth's outlines is exhibited alike oveF
the oceans and continents, and all parts of the earth are thus drawn together
into even a closer relation than appears in the principle already explained.

The principles to which the facts point are as follows : (1) that two
great systems of courses or trends prevail over the world, a northwestern and
a northeastern, transverse to one another; (2) that the islands of the oceans,
the outlines and reliefs of the continents, and the oceanic basins themselves,
alike exemplify these systems; (3) that the mean or average directions
of the two systems of trends are northwest-by-west and northeast-by-north;
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(4) that there are wide variations from these courses, but according to prin
ciple, and that these variations are often along curving lines; (5) that, what
ever the variations, when the lines of the two systems meet, they meet
nearly at right angles or transversely to one another.

(1) Islands of the Pacific Ocean. -The lines or ranges of islands over
the ocean are as regular and as long as the mountain ranges of the land. To
judge correctly of the seeming
20.
irregularities. it is necessary to
T17O° E
consider that, in chains like the
15C
Rocky Mountains, or Andes, or
Appalachians, the ridges vary
.0
their course many degrees as
they

continue

on,

sometimes

sweeping around into some new
direction, and then returning
,ag,,i.in more or less nearly to
their former course, and that
the peaks of a ridge are very
far from being in an exact line

even over a short course; again,
that several approximately paral
lel courses make up a chain.
A. NORTHWESTERLY SYSTEM

200
'.

:.*n1(

OF TRENDS.-In the southwestern Pacific the New Hebrides
(Fig. 20) show well this linear
arrangement; and even each island is elongated in the same direction with
the group. This direction is nearly northwest (N. 400 W.), and the length
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of the chain is 500 miles. S k i n Caledonia, more to the soutliwest, lias
approximately the same course, -about northwest. Between New Hebrides
and New Caledonia lies another
21.

line, the Loyalty Grwp. The Solomon
Islands, farther northwestward, are also
a linear group. The chain is mostly a
double one, consisting of two parallel
ranges; and each island is linear, like
200 N
the group, and with the same trend.
The course is northwest-by-west, the
length 600 miles.
I n the North Pacific, the Hawaiian
H, Hawnil; M.MBUI;3, K ~ I O O ~ W ;4, L~WI; range has a west-nortliwest course. The
6, A f ~ l ~ k;a0,
i Oahu ;K,K~ualm
Sandwich or Hawaiian Islands (Pig. 21),
from Hawaii to Kauai, make up the southeasterly part of the range, about
400 miles in length. Beyond this, the line extends to 175' E.,making
a total length of about 1500 miles,-a distance as great as from New
York to the Great Salt Lake in the Rocky Mountains, or from London to
Alexandria.
r
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Between these groups lie the islands of mid.ocean, all nearly parallel in
their courses. Figs. 22,23 are examples.

-

The following table gives the courses of the principal chains of the ocean :

Courne.

Hawaiianrange
Marquesas Islands.
Paumotu Archipelago ...m................
Tahitian or Society Islands. ..am.........4
Hervey L~lands...e........m...
....a.....
Samoan or Navigators Islands
Gilbert, Tamwan, or Kingsmill Islands ....
Ralick group ....m............m..........
Radackgr~up..~~..~.-.~~~......~~...~~.
New Hebrides............m..............
New Caled~nia..~...m...................
North extremity of New Zealand
Solomon Islands...... .am...............4
Looisladegroup
New Ireland ......................am....
. . . m a a a - . m a m a m . . a - m m . a a . l

........ma............

............

.........
m........................

N. 6 4 O Wm
N. Coo W.
N. 0O0 W.
N. 0 2 O W.
N. 05O W.
N. (IS0 W.
N. 34Â Wm
N. 3i0 W m
N. 30Â W.
N. 40Â W.
N. 44O W.
N. 50Â W.
N. 67' W.
N. 60Â W.
N. 0GC Wm
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NORTHEASTERLY SYSTEM OF TRENDS.-The body of New Zealand
The line is continued to the south, through
has a mean N. 40' E. course.
the Auckland and Macquarie Islands, to 58° S. To the north, in nearly the
same line, near 300 S., lie the Kermadec Islands, and farther north, near 20
B.

S., the Tonga or Friendly Islands.
The Ladrones, north of the equator, follow the same general course. I
also occurs in many groups of the northwesterly system characterizing sub
ordinate parts of those groups. Thus, the westernmost of the Hawaiian
Islands, Niihau, lies in the north-northeast line, and the two lofty peaks of
Hawaii have almost the same bearing.

PACIFIC ISLAND CHAINS. -The groups of Pacific islands, with a few
exceptions, are not independent lines, but subordinate parts of island chains.

There are three great island chains in the ocean which belong to the north
- The Hawaiian, the
westerly system,
Polynesian, and the Australasian,
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and, excluding the Ladrones, which pertain to the western Pacific, one
belonging to the northeasterly system; viz., the Tongan or New Zealand
chain.

Hawaiian chain. - This chain has already been described.
Polynesian chain. -This chain sweeps through the center of the ocean,
and has a length of 500 miles, or nearly one fourth the circumference of
The Paumotu Archipelago (1), and the Tahitian,
the globe.
(See Fig. 24.)
Rurutu, and Hervey Islands

(2, 3, 4)

are parallel lines in the chain,

24.

\
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N
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'N5

,

12

2s<s(
'-&

06
I to 10, the Polynesian chain: 1, Paumotu group; 2, Tahitian; 3, Rurutu group; 4, Hervey group;
Samoan,
or Navigators; 6, Vakoafo group; 7, Vaitupu group; 8, Gilbert group; 9, Ralick; 10, Radack;
5,
11, Caroline; 12, Marquesas; 13, Fanning group; 14, Hawaiian. a to h, part of the Austrainslan chain:
a, New Caledonia; b, Loyalty group; c, New Hebrides; d, Santa Cruz group; e, Solomon Islands; /, LouIi
ade group; g, New Ireland; It, Admiralty group. - D.
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forming its eastern extremity ; westward there are the Samoan (5) and
Gilbert (8) groups, and others intermediate; still northwestward there are
the Radack and Raliek groups (9, 10), and in 20° N., on the same line,
Wakes Island.
(a) The chain, as is seen, consists of a series of parallel ranges, suc
ceeding and overlapping along the general course, in the manner illustrated
on page 28, when speaking of mountains.
(b) It varies its course gradually
from west-northwest at the eastern extremity to north-northwest at the
western.
(e) Its mean trend is northwest-by-west (N. 56° W.), the mean
trend of all the groups of the northwesterly system in the ocean.
(d) The
chain is a curving chain, convex to the southward, and marks the position of
a great central elliptical basin of the Pacific having the same northwesterly
trend.
north.

The Hawaiian is on the opposite side of it, slightly convex to the
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The Marquesan range (12, Fig. 24) lies in the same line with the Fanning group (13)
to the northwest, just north of the equator ; and, if a connection exists, another great
chain is indicated, - a Marquesan chain.
Australasian chain (Fig. "95).-New Hebrides (K) and New Cale
donia (M) belong to the Australasian island chain.
The line of New
Hebrides is continued northwestward in the Solomon group (I) and New
Ireland, though bending a little more to the westward, and terminates in
Admiralty land (G), near 145° E., where it becomes very nearly east-and
west: the length of the range is about 2000 miles.
Taking another range
in the chain, New Caledonia (M), the course is continued in the Louisiade

group (H); then the north side of New Guinea (E), which continues bend
ing gradually till it becomes east-and-west, near 135° E. In the southeast,
belonging to the same general line, there is the foot of the New Zealand boot
(0). The coral islands between New Caledonia and Australia appear also
to be other lines in the chain.

From New Guinea (E, F), the east-and-west course is taken
Ceram
up I
and
more
to
the south, in the Java line of islands (A, B, C)
(D),
again,
and from Java (B) the chain again begins to rise northward,
becoming north
west finally in Sumatra (A) and Malacca.
The several ranges make up one grand island chain, with a double curva
ture, the whole nearly 6000 miles long.
In Fig. 25, a line stands for each
group, and indicates its course ; it shows the composite nature of the chain,
and the curving course, in connection with a
prevailing conformity to a
trend.
northwesterly
Blending of the Austraiasian and Polynesian island chains. - Th., two
chains blend with one another in the region of the Carolines,
Fig. 2-I (it).
This large archipelago properly includes the Ralick and Ratlack
groups
Fig. 24 (9, 10). At the Gilbert group, Fig. 24 (8), the Polynesian chain
divides into two parts, -the IRaliek and Radack
But the maul
ranges.
body of the Archipelago, Fig. 24 (11), trends off to the westward, and is a
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third branch, conforming in direction to the Australasian system.
(a to h,
Fig. 24, are the same as M to U, Fig. 25.)
In other words, the Caroline Archipelago forks at its southeastern
extremity, -one portion, the Gilbert, Radack, aud Ralick Islands (8, 9, 10

in Fig. 24), conforming to the Polynesian system, while the great body of
the Caroline Islands trends off more to the westward (No. 11), parallel with
New Ireland and. the Admiralty group (g, h of the same cut), and others of
the Australasian system.

25.
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F

F

A, B, C, Sumatra and Java line of Islands; D, Ceram; E,
north coast of New Guinea; F, South New Guinea; G,
Admiralty Islands; H, Loulsiade group; I, Solomon; J,
Santa Cruz group; K, New Hebrides; L, Loyalty group;
M, New Caledonia; N, high lands of northeast Australia;
0, New Zealand; ab, northwest shore of Borneo; cd,
East Borneo; ef, west coast of Celebes; gh, west coast
of Gilolo. - D.

/

o

New Zealand chain. - The ranges in this chain are mentioned on page 3'T.
The whole length, from Macquarie Island, on the south, to Vavau, a volcanic
island terminating the Tonga range, on the north, is 2500 miles. To the
east of New Zealand. lie Chatham Island, Beverly, Campbell, and Emerald,
which correspond to another range in the chain.
This transverse chain is at right angles with the Polynesian system at
the point where time two meet. Moreover, it is nearly central to the ocean.
The central position, great length, and rectangularity to the northwest
ranges give great significance to this New Zealand or northeasterly system
of the ocean.
(2) Islands of the Pacific and Atlantic Oceans. -The trend of the Pacific
Ocean as a whole corresponds with that of its central chain of islands, and
very nearly with the mean trend of the whole. It is a vast channel, elon
The range of heights along northeastern Australia
gated to the northwest.
(N, Fig. 25) runs northwesterly and passes b the head of the great gulf
(Carpentaria) on the north; and the opposite side of the ocean along North
America, or its bordering mountain chain, has a similar mean trend. A
straight line drawn from northern Japan through the eastern Paumotus to
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Fuegia may be called the axis of the ocean. This axial line is nearly half
the circumference of the globe in length, and the transverse diameter of the
ocean full one fourth the circumference: so that the facts relating to the
Pacific chains must have universal iinportanc.
The North Atlantic Ocean trends to the northeast, -or at right angles,
nearly, to the Pacific; this being the course of the coasts, and therefore of
the channel. Moreover, it is the course of the central plateau along the
bottom of the north Atlantic.
The Asiatic coast of the Pacific has the direction of the northeasterly

system. The course is not nearly a straight line, like the corresponding
eastern coast of North America, but consists of a series of curves, which
series is repeated in the island chains off the coast and in the mountains of
the country back. Moreover, the curves meet one another nearly at right
angles. The first one, that of the Aleutian Islands, extends as a great
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festoon between the two continents, America and Asia. The last one, which
is 1800 miles long, commences in Formosa, and extends along by Luzon,
Palawau, and western Borneo (ba, Fig. 25) to Sumatra, and terminates at
right angles with Sumatra; and another furcation of it (de) passes by

eastern Borneo or Celebes, and terminates at riqlt angles with Java and the
islands just east. The rectangularity of the intersections is thus preserved;
and the curve of the Australasian chain has in this way apparently deter
mined the triangular form of Borneo.
The Aleutian Islands (range No. 1) has a length of 1000 miles. The lCamchatka range
(No. 2) commences at right angles with the termination of the Aleutian, and bends around
till it strikes Japan at a right angle. The Japan range (No. 3) commences north in Sa
ghalien, and curves around to Corea. The Loochoo range (No. 4) leaves Japan at a right
angle, and curves around to Formosa. The Formosa range (No. 5) is explained above.
There is apparently a repetition of the Formosa system in the Ladrones near lon
gitude 145° E.
- The
(3) East and West Indies.
general courses in the East Indies have
been mentioned on pages 38, 39. In the West Indies and Central America
there is a repetition of the curves of th East Indies. rIhe course of the
range along Central America corresponds to Sumatra and Java; and the line

of Florida and the islands to the southeast makes another range in the
same system.

(4) The American continents. - In North America, the non ii west system
is seen in the general course of the Rocky Mountains, the Cascade Range,
and Sierra Nevada; in Florida; in the line of lakes, from Lake Superior to
the mouth of the Mackenzie; in the southwest coast of Hudson Bay ; in
the shores of Davis Straits and Baffin Bay ; -and with no greater divergen
cies from a common course than occur in the Pacific.
The northeast system
is exemplified in the Atlantic coast from Newfoundland to Florida, and, still
farther to the northeast, along the coast of Greenland; and to the south
west, along Yucatan, in Central America. The Appalachian Mountains, thin
river St. Lawrence to Lake Erie, and the northwest shore of Lake Superior,
repeat this trend.
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There are curves in the mountain ranges of eastern North America, like
those of eastern Asia. The Green Mountains run nearly north-and-south;
but the continuation of this line of heights across New Jersey into Penn
sylvania curves around gradually to the westward. The Alleghanies, in
their course from Pennsylvania to Tennessee and Alabama, have the same
curve. There appears also to be an outer curving range bordering the ocean,
extending from Newfoundland along Nova Scotia, then becoming submerged,
though indicated in the sea-bottom, and continued by southeastern New

England and Long Island.
Between this latter range and that of the Green Mountains lie one or
more great basins of ancient geological time, while to the westward of the
Green Mountains and Alleghanies was the grand interior basin of the con
The two were to a great extent distinct in their geological history,
being apparently independent in their coal deposits and in some other
formations.
In South America, the north coast has the same course as the Hawaiian
tinent.
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chain, or pertains to the northwest system; and the coast south of the east
cape belongs to the northeast system; and hence the outline of the continent
makes a right angle at the cape. The northeast course is very nearly that

of eastern North America and New Zealand. The northwest is repeated in
the west coast by southern Peru and Bolivia, and the northeast in the coast
of northern Peru to Darien: so that this northern part of South America,
if the Bolivian line were continued across, would have nearly the form of a
South of Bolivia the Andes correspond to the northeast
parallelogram.
system, although more nearly north-and-south than usual.

- The Azores have a west-northwest trend,
(5) Islands of the Atlantic.
like the Hawaiian chain, and are partly in three lines, with evidences also of
the transverse system. The Canaries, as Von Buch has shown, present two
courses at right angles with one another, - a northwest and a northeast.

Again, the hue of the southeast coast of South kmerica extends across
the ocean, passing along the coast of Europe and the Baltic; and the moun
tains of Norway and the feature lines of Great Britain are approximately
parallel to it.
(6) Asia and Europe. -In Asia, the Sumatra line, taken up by Malacca,
turns northward, until it joins the knot of mountains formed by the meeting
of the range facing the Pacific and that facing the Indian Ocean.
At this
point, and partly in continuation of a Chinese range, commence the majestic
- at first east-and-west, at right angles with the termination
Himalayas,
of the Malacca line, then gradually rising to west-northwest. The course
is continued northwestward in the Hindu-Kush, extending toward the
- in the Caucasus, beyond the Caspian, and in the Carpathians,
Caspian,
beyond the Black Sea. The northwest course appears also in the Persian
Gulf, and the plateaus adjoining, in the Red Sea, the Adriatic and the
Apennines.
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Recapitulation. -From
follows -

this

survey of

the

continents and oceans it

That, while there are many variations in the courses of the earth's
feature-lines, there are two directions of pret'aient trends, - the northwest
erly and the northeasterly; that the Pacific and Atlantic have thereby their
positions and forms, the islands of the oceans their systematic groupings,
the continents their triangular and rectangular outlines, and the very physi
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ognomy of the globe an accordance with some comprehensive law.

It has been observed, first by Professor II. Owexi, of Indiana (l8i7), that the outlines
of the continents lie in the direction of great circles of the sphere, which great circles are,
in general, tangential to the arctic or antarctic circle. By placing the north pole of a
globe at the elevation 230 28' (equal to the distance of the arctic circle from the pole or
the tropical from the equator), and revolving the globe eastward, part of these conti
nental outlines, on coming down to the horizon of the globe, will be found to coincide with
it ; and on revolving it westward, most of the other lines. Mher great hues, as part of
those of the l'acifie, are pointed out as tangents to the tropical circles instead of the arctic.
But there are other equally important lines which accord with neither of these two systems,
and a diversity of exceptions when we compare the lines over the surfaces of the conti
nents and oceans.
If the views of Mr. Owen are right, the direction of coast lines on the parallel of 66° 32'
north or south shook! be east and west (being tangent to the antarctic circle), and on the
equator, about N. 23° 28' E. ; and the trend in other places intermediate between these
extremes. And in the tropical part, of the ocean, great circles tangent to the tropical circles
would have the course N. 6U° 32' W. crossing the equator, but be E.-W. on the tropical
circles; and between the two positions between N. (iG° 32' W. and E.-W. The map
(see page 47) shows how far these are the actual courses.
IV.

OCEANIC

AND

ATMOSPHERIC MOVEMENTS

AND

TEMPERATURE.
The earth has east-west differences, as already pointed out, in the depths
of its oceans (page 19).
But of greater importance are the east-west or
front-and-rear contrasts which are a consequence of its diurnal revolution.
Ordinary observation recognizes only the rising and setting of the sun, and
day and night, as the chief consequences of the eastward rotation. But
these are only the most obvious. The results are manifested universally in
the climates of the globe, the winds, the tides, and oceanic currents, in the
earth's magnetic currents, in the geological action of waters of the ocean
and land, the distribution of plants and aninials ; and they give to the
eastern and western sides of the continents, or the front and rear, differences
which are profound in influence both physically and physiologically. The
effects are diversified and extreme. They are moderated by the mutation of
the earth's axis in its annual revolution, which gives the earth its winters
and summers; but they areuone the less real and fundamental.
Ferrel

obtained a mathematical expression for the relation of the rotation to the
winds, and announced the fundamental law (1858) that "in whatever direc
tion a body moves on the earth's surface, there is a force, arising from the
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earths rotation, which tends to deflect it to the right in the northern hemi
sphere, but to the left in the southern."
To illustrate fully the effects occasioned by the rotation would require
volumes.
A few only are presented in the following brief account of tides,
oceanic currents and temperature, winds and climates.
THE TIDAL WAVE.
The great tidal wave, due to the attraction of the sun and moon, is a
wave-movement in the ocean to its bottom.
It goes westward because of
the earth's eastward rotation, with consequently the same rate of progress,

or 1000 miles an hour at the equator; and 12,000 miles (half the earth's
circumference) is the length of a single wave. The Pacific is too narrow to
contain over half of the wave-curve; and the Atlantic can contain trans
After leaving the Pacific its course is north
versely but a quarter of it.
The height of the
westerly in both the Indian Ocean and the Atlantic.
wave can be measured only on islands in the open ocean, since shelving
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shores and bays increase its elevation and its power as a geological agent.
At the prominent American headlands in the north Atlantic, the height
of the tide is only one to two feet; being at Cape Hatteras two feet after
traversing some miles of coast region under 600 feet in depth, and only
one foot at southeastern Nantucket. But he actual height of the tide,
according to G. H. Darwin, is only one third of an inch.
The dynamical effects of the tidal wave come up for consideration under
the head of The Ocean.
OCEANIC CURRENTS AND TEMPERATURE.

(1) Oceanic currents. -The general system of oceanic currents is simple.
In the tropical portion of the ocean, either side of a narrow equatorial belt,
the great movement or current is westward, corresponding with the course
of the trade-winds; as if it were a consequence chiefly (as many physicists
believe) of the propelling winds.
Reaching the continent that lies to the
westward, the moving waters are turned poleward.
Having passed the
1i°
more
and
of
or
400,
the
flow
more
from the continent,
diverges
parallel
and crosses the ocean eastward to its eastern continental border; and there,
if there were no great passage-way in the ocean basin opening toward the

poiar regions, all would be forced to turn southward toward the region of
the trades, there to start anew in the great elliptical circuit.
The north Pacific has the polar regions nearly shut off from it, for
Bering Sea is shallow, and Bering Strait has a depth of only 150 feet, so
that the circuit is here of the normal kind. But the north Atlantic has a
broad open way into the Arctic seas, and the shallow region over which it
- has a depth on it of 1500 to 3000 feet.
passes - the Scandinavian plateau
Consequently, only part of the waters turns southward along the submerged
European border - a large part keeping on its course northeastward, along
by Great Britain, and northward, by Iceland, into the polar seas.

-14
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The rate of flow of the tropical current is increased somewhat after
striking the borders of a continent, because of the diminished depth. As it
passes on beyond the parallel of 30° and 35°, the flow becomes more and more
easterly in course, in consequence of loss of motion by friction. In the

tropical region, the movement westward indicates a less rapid rate of move
ment than the earth's surface, in its daily eastward rotation. But
beyond
300 the rate of flow is faster than the rotation there.; and hence the result is
an eastward movement. As the waters continue on to the Arctic, friction
further diminishes the flow, and while part goes on northeastward north of

Asia, the rest lags and goes northward and northwestward. From the full
polar seas the waters must of necessity escape southward; the lagging part
takes a course along the Greenland border and down Baffin
Bay, making
the Labrador current ; and also a submarine course along the western half
of the ocean's bottom, while the rest returns along the ocean's bottom,
especially along its eastern half, - and thus the Atlantic circuit is completed.
In the accompanying sketch, WE is the equator with 30° and 60°
par
allels of latitude north and south of it. North, the ellipse represents the
general movement in the north Atlantic; the branch
26.
at P, the flow poleward, and the current at L, the
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LL-

,1'

60

returnin 113 Labrador current.
The trends of the continental coasts, and their larger
bays, gulfs, or seas, and bordering island groups, have

much influence on the course and character of the
current.
mg to the position of the north coast of
W
E
South America with reference to the opposite coast of
30
Africa, the circuit-stream of the south Atlantic as it
flows westward contributes a considerable branch to
o°
':
the north Atlantic circuit; and because of the outlet
among the East India Islands, the circuits of the north
and south Pacific lose part of their waters by their
passing off into the Indian Ocean; and still they are plainly distinguishable
off Japan, and off Australia, in the currents and their
temperature.
The most remarkable example of the effect of gulfs or seas and islands
is that afforded by the West India seas and islands.
The West India sea
faces part of the slowly advancing ocean-stream. It has an area of
nearly
2,000,000 square miles. Though rudely fenced in by the Windward Islands,
there are spaces over 3000 feet deep between the most of theni, and less
than twice this at the chief entrance. From the Caribbean Sea time waters,
after a circuit, escape partly between the islands northwestward ; but
part
pass the narrow Yucatan channel with an hourly movement of one fourth of
a mile, and raise the level of the Gulf of Mexico three feet above its nat
ural level, and, at the same time, act as a hydrostatic reservoir to make of
the escaping waters the Gulf Stream, which flows
through the Florida straits
to
Commander Bartlett) at a mean rate of three miles an hour,
(according
and at a maximum, for 15 miles in the axis of the stream, as
high as Ii1
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miles an hour. Off Charleston the mean hourly flow is three miles ; from
there to New York it diminishes to 2 miles, and off the Banks of New
foundland it is but li to two miles. The rate of flow and other characters
of the stream are thus largely due to the existence between the American
The Mediterranean Sea, on the
continents of the great Mexican Gulf.
opposite side of the ocean, has no such effects, partly because it is on the
wrong side of the ocean for the production of them.

The straits of Florida have a width of about 48 miles off Jupiter Inlet,
and a maximum depth of 2634 feet; and 95 billion tons of water pass
per hour. The current reaches a zero velocity at a depth of 1800 to 2100
feet. North of the Bahamas the stream passes over the plateau bottom
to Charleston with a mean depth of 2400 feet, and width of 75 to 100
miles; and thence to Cape Hatteras, the depth diminishing to 1800 feet.
North of Cape Hatteras, the coastward wall is in a depth of about 390
feet; and inside of this wall, as well as to the eastward of the stream
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and beneath it, flow the cold waters of the Labrador current.
Owing to the
delay of the waters in the Caribbean Sea and the Mexican Gulf the heat of
the tropical waters is much augmented for distribution along their northeast
ward course.
In the central North Atlantic, between the eastward and westward parts
of the circuit, exists a region of calms in both winds and currents, with
The sea
great areas of floating seaweeds, which is called the Sargasso Sea.

weeds shelter a large variety of fishes and inferior living species.
A belt in the equatorial region, just north of the equator, is the course of
a counter-current both in the Pacific and Atlantic. Currents are generally
made in the ocean by the prevailing winds; and local and temporary cur
rents, often of great geological importance, by the winds of a long-continued
storm.

(2) Oceanic temperature. -The currents of the ocean are a means of dis
tributing its heat or cold over the globe, and making cold or warm climates
for land and sea.
Tropical currents carry tropical heat to the colder regions
of the globe; and, conversely, the cold-temperate and polar currents convey
cold; but the former mostly as a superficial flow, seldom affecting depths
below 3000 feet, while the latter move at all depths from the top to the
ocean's bottom. The colder waters are the heavier; but when flowing along
a coast region as a lagging current, they move up the shelving bottom to the

surface in spite of any warm waters in their way; and whatever shoals they
encounter in their course, they spread up and over them, only a little affected
in temperature by the waters they displace.
,Supe/1cial effects over the ocean. -As a consequence of the elliptical
movement pointed out, and illustrated in Fig. 26, the waters of the tropical
or wariii side in the circuit strike the east borders of the continents; and
those of the high latitude, or cold side, the west borders.
They therefore
tend to widen the areas of warm water on the west side of an ocean, and
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narrow the areas on the east side.
The. cold or polar latitudes, as has
been explained, send a returning current along the continental borders
equatorward, which may be stronger on the eastern. or western border,
according to geographical conditions, and thus these cold waters may mod
ify the temperature and position of the currents in the warmer latitudes.
Thirdly, owing to the effect of the more rapid flow of the current along the
borders of the continents, the currents often carry the isothermals poleward,
making poleward bends or loops in their courses; and these iiiay be greatly
increased in prominence or definition by the polar current along the con
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tinental borders.

In Fig. 27, the elliptical line (A'B'AB) represents the course of the current in an
ocean south of the equator (EQ). If now the movement in the circuit were equable,
an isothermal line, as that of U8°, would extend ()bli(111e1y
27.
across, as nu : it would he thrown soul It on the vest side
E
Q
of the ocean by the warmth of the torrid z bne, and fortIi
p
."
on the east side by the cooling influence derived front its
t
flow in the cold-tewperate zone. But if the etitrelit, in
stead of beinr equable throughout the area, were niainlv
_~r A
S.
apparent near the continents (as is act ually the fact.), t lie
isothermal line should take a bug bend near the coasts,
B'
as in the line A 'r'rrrrA, or a shorter bend A ', according to the nature of the current. This fonut of the
Oceanic Currents, B. '58
isothermal line of (80 on the chart indicates the existeuce of the circuit movement in the ocean, and also some of its characteristics.
For example, the westward tropical flow in the north Atlantic carries its
warm waters over the Bermudas, bending northward the isotherm of 68°
(see map, page 47), and also that of 62'; and in the south Atlantic, bending

the isotherms of 740 and 68° far away from the equator, the latter to latitude
30'; while on the west side of Europe and Africa, as no tropical flow reaches
the borders, ancl.only the high-latitude current, time isotherm of 68° is (arrie(I

in the north Atlantic to 15° N., and in the south Atlantic up to 6° S. Con
sequently the interval between the isotliernis of 68° in the eastern part, of the
Atlantic Ocean is only 21° in width, while it is 64° in the western.
The isotherms on the following chart (page 17) mark the points which
have equal mean temperature for the coldest winter month, and the tein
peratures are those of a surface layer of the ocean 9) to 14() feet deep.
For the northern hemisphere the month of greatest iitea.ii cold is January or

February, and for the southern, July or August. The chart, while isothermal,
differs widely, therefore, from other isothermal charts, and has been mined
Isocrymal, from the Greek for equal and cold (Laos, Kpu/.uc). The line of
68° F., for example, passes through points in which the nwan temperature
of the surface water in the coldest month of the year is 68° F. ; so with the
lines of 62°, 56°, etc. All of the chart between the lines of 680, north and

south of the equator, is called the Torrid Zone of the ocean's Waters; the
region between 68° and 35°, the Temperute Zone; and that beyond 3f°, the
Frigid Zone. The line of 680 is that limiting the coral-reef seas of the globe,
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or those in which reef-making corals grow', so that the coral-reef seas and
Torrid Zone thus have the same limits.
In the Pacific, the effects are no less striking than in the Atlantic., on the
west side of the American continent. Owing to the cold-latitude waters that
flow equatorward, the isotherm of 68° reaches the South American coast at
its west cape in latitude 4° S., and thus a tropical temperature is excluded
from nearly the whole of it. In the north Pacific, the cooling effect is much
less, because of the barrier to the arctic waters at the shallow Bering Strait;
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the isotherm terminates against the coast at 23°. But on the east border of
Asia and Australia, or the west side of the ocean, the width of the area
between the north and south isotherms of 68° is 65°, and the mean width in
the central Pacific is about 55°.
The warm Gulf Stream extends its effects over the whole breadth of the

north Atlantic, even to Great Britain and Iceland and the polar seas, as
is indicated on the map by the long loops in the isotherm of 44° and 35°.
The warm waters extend to Spitzbergen near 82° N., and to the west side of
Nova Zembla, where the absence of ice in summer is its effect; and in favor
able times it goes still farther east. Thus the heat of the tropics is made to
temper arctic climate. But by the time the waters have reached the polar
circle they have lost all tropical heat, and are warm only from contrast with
the mean temperature of the northern latitude.
The effects of the polar waters along the east borders of North America
are strongly marked, because they there pass alongside of the warm Gulf
Stream from the south. The southward course near the continent of the
isotherm of 35° to the southern angle of Newfoundland, and the termina
tion of the isotherms of 50°, 56°, and 62° at Cape Hatteras, are a conse
quence of the Labrador waters. Down to this cape these cold waters cover
a cold belt inside of the Gulf Stream; but farther south they are excluded
by this stream.
The polar waters are also felt, but to a less extent, on the borders of
northwest Europe. The effect is manifest also along the east Asiatic coast,
where, as the map shows, the isotherm of 35° extends down to 45° N.. and
that of 68° even down to 15° N.

Deep-wuter eftècts. -The great currents of the ocean have also deep
water effects. They are, as has been shown, deep-water currents.
The Gulf
Stream has a depth of 2500 to 1800 feet from the Florida straits to Cape
Hatteras, and 1500 to 1000 north of the cape through the o(ea1l ; and the
effects of the polar currents or movements are of '111 depths from the
surface to the bottom. Between the two systems of movements, that of
the tropical and that of the polar waters, the ocean derives its distribution
of heat. South of Cape Flatteras, the deeper waters of the Gulf Streani
give warmth to the bottom over a belt 50 to 75 miles wide ; and north of
this cape, the warm belt lies between the 65fathomn line on the west, where
stands the cold wall of the Labrador current, and the 200-fathom line on the
east; giving a temperature of 53° to 47° (Verrill) to the bottom, while Oil

OCEANIC AND ATMOS II-1E1tIC MOVEMENTS AND TEMPERATURE.

49

either side it is 45° or less. Further, where the Gulf Stream strikes the
submarine slopes of the British Islands, it gives the same temperature to
the bottom in depths of 60 fathoms or less to 600 or 700 fathoms; and
a similar cold wall exists against the polar waters of the Norwegian sea.
But through the breadth of the oceans, owing to the polar movement
equatorward, the waters at a depth of 600 fathoms, or 3600 feet, have
almost everywhere a temperature near 40° F., or from 42' to 391' F.; and at
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500 fathoms, from 42° to 45°.
Further, at 1000 fathoms, the temperature is
usually between 36° and 40°, and 32° to 36° at 2000 fathoms and below to the
bottom. The deeper part of the north Atlantic has a bottom temperature
of 35° F. (about 343°-356°), while in the south Atlantic it is 31°-34° because
the south Atlantic has a more open polar connection
In both
(Carpenter).
the north and the south Atlantic the area of greatest bottom cold is
very
large in the western half of the ocean and small in the eastern, the ratio
being nearly 4 to 1. In the Pacific, the Challenger Expedition found bottom
temperatures of 346° to 354° in both the north and south Pacific, with
40° F. between 450 and 600 fathoms. In the arctic seas the bottom
temper
ature of 28° F. has been observed as the extreme.
Adjoining seas, like the Caribbean and the Mexican, have for their
minimum temperature the temperature of the bottom waters of the straits
connecting them with the ocean, which, in the case of the seas mentioned, is
39-° F.
In the Mediterranean Sea, which has no iiflowng cold waters, the

temperature below 600 feet is at all depths 54° to 56° F. The inflow at
the Straits of Gibraltar is of surface Atlantic waters, and, in consequence
of the very abundance of evaporation from its surface, the amount of it is
more than that of the outfiowing, more saline and therefore heavier, Medi
terranean waters.

ATMOSPHERIC CURRENTS AND TEMPERATURE.
AND DESERTS.

MOIST REGIONS

(1) Heat-conditions of the atmosphere. - The amount of heat absorbed by
the atmosphere from the sun's rays depends largely on its
density or the baro
metric pressure. It is therefore greater at the sea level, where the pressure

has a mean of 298 to 30 inches, than at any elevation above it over the land.
It is least at the tops of the mountains, and greatest in depressions below
tide level, like that of the Dead Sea, 1390 feet below, and the
Caspian,
84 feet below.
The land surface receives and gives out heat, and is an
important source of heat to the air which derives in this way two thirds of
its temperature, the rest being due to absorption of the sun's rays.
The
waters of the ocean also absorb heat, but this takes place slowly; the heat
largely becomes latent, and it is also distributed below by convection; hence,
under the same exposure, it gives much less heat to the atmosphere than a
land surface. Moreover, lands in the colder latitudes and at heights become
covered with snow, while the ocean has no ice-covering except near coasts
polar latitudes.
UANA'S MANUAL- 4
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An increase of density from an addition of carbonic acid would increase
proportionally the amount of heat absorbed, the absorptive power of this
gas being &JO times that of the atmosphere. The presence of aqueous vapor
also increases the absorptive power.
The winds are a means of distributing heat and moisture, and thus tend
to equalize the temperature of time gbihe. lttt, at the same tune. they inake
local areas of extreme heat and cold, of extreme precipitation aittl dryness.

- For theoretical views and details
(2) Surface movements of the winds.
on this subject, reference should be imiade to meteorological treatises, the
remarks here being confined to a few general facts. They illustrate wt-11
the dependence of effects on the east-west characteristics of the earth derived
from its rotation.
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In general, the courses of the winds are nearly coincident with those of
the great oceanic currents, and it is held by many that the winds are time
III the twines, the prevailing course of the
motive power of the currents.
winds is from the eastward (these winds being called the trades), and in
the higher temperate latitudes from the westward. There is a temnlencv to
calms (1) along the equator; (2) in mid ocean between time I)1a1ltis of 25"
and 35"; and (3) about the poles, but the equatorial area of calms is some
times in part a region of a counter-current.
The trades strike the east side of the continent., and then, bending away
winds.
And the
from the equator, curve around to lx'eommw the westerl
reverse is true for the westerly winds; but where they strike time west side
of a continent, only part of the wind may be deflected toward time equator
and the rest curve around poleward ; and when so, the forniem' gradually
warms up' since it goes toward warmer regions, and the latter loses heat

These two parts vary in their rela
because going into higher latitudes.
tive amounts or force according to the trends of the coast-hues or foruui of
the land.
The Indian Ocean makes an exception under the svsteuii, Ltee:nise the
region there existing to the north of the equator is occupied bv .1 continental
mass, Asia, which pushes the circuit to time south, the winds that. 1)10w there
from the eastward corresponding to the trades of the other oceans.
(3) Distribution of moisture. -The ('apacuty of air for moisture -that. is
its power of taking up moisture without a loss of transpa m"eimey - varies with
the temperature. When saturated, a It ss of heat (LlISt'S tondt'mis;tt,it ni. amid
thence, mist, clouds, rain. On the contrary, aim iumcrt'ase of heat. lime re;Iscs
capacity for moisture, and the win(]. instead of (i1OJ)puuIg moisture, gathers
moisture from the surface it passes over.
In the south Pacific the wind from time west is a cold wind. dma rge'l with
moisture derived from the ocean; as it divides on striking Smith A1111'riva it
becomes in its northern branch desert-making, in its soiit.hierii, r;uimi-givimlg.
The branch going north passes into regions of increasing warillt.h. and tilt.
viii 1 gathers rip the moisture beneath and makes time t1'sert rrgitmI III
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Atacama, and a dry shore region northward through Peru; while the branch
going southward, which encounters increasing cold, makes one of the wetter
areas of the globe, Valdivia having an annual rainfall of 11 inches. The
same effects of the two branches are produced on the western border of
North America, the western border of north AIrica and Europe; in western
south Africa; in western Australia.
(See Rainfall map by E. Loomis,
Amer. Jour. &i., III., xxiii., 1882.)
On the contrary, the wind from the east over the tropics is a warm wind

charged with moisture. After striking North and South America it bends
away from the equator into cooler latituds, and makes a great moist region
of eastern North America, and of eastern South America, with excessive
moisture over large areas; and the position of the higher mountain range of
America, far toward the western border, lays open the whole interior to the
moisture. The trade winds produce a similar effect on the eastern side of
Eurasia and Australia, making the border of China one of the wet regions
of the globe, and so also a narrow mountain border for Australia.
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Mountains have cold summits, and consequently are great condensers of
moisture. They therefore take a prominent part in the above mentioned
system of results, and also produce local effects in other regions.
The first high cold land struck by the winds takes a large portion of the

moisture out of them and leaves less, or little, for the region beyond. And
thus robbed, even the trades may become dry winds. The contrasts are well
shown on the opposite slopes of the Hawaiian mountains -the eastern
receiving much rain from the trades, the western getting almost none. For
the same reason the interior of North America is relatively dry, the amount
of precipitation over the Atlantic border being 40 to 0 inches a year, and
in the. interior 20 to 40 and less. So it is also with the interior of South
America as compared with the coast region to the north; and Sahara, begun

in northwestern Africa, stretches across the continent.
The great Desert of
Gobi is thus shut off from sea winds, and winter winds blow from it instead
of into it. The higher ridges along the Rocky Mountain summit raise
locally the amount of precipitation, but it falls off again over all the western
slopes, and continues very small to the Sierra Nevada, averaging less than
10 inches a year over a broad belt from the Great Salt Lake region to the

Gulf of California.
It is apparent from the facts which have been presented that the conti
nents have derived many of their individualizing characteristics, their several
diversities of surface, climate, and life, from the disposing influence of the
earth's rotation.
This is strikingly apparent in the existing flora and fauna,

briefly described in the following pages; it becomes still more evident after
a review of the succession of faunas and floras in the earth's history in
which the individual features of each continent are traced back far toward

"the beginning."
The great truth is taught by the air and waters, as well as by the lands,
that the diversity about us, which seems endless and without order, is an
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exhibition of perfect system under law. If the earth has its barren ice-fields
about the poles, and its deserts no less barren toward the equator, they are
not accidents in the making, but results involved in the scheme from its
very foundation.
V.

GEOGRAPHICAL DISTRIBUTION OF PLANTS AND ANIMALS.

The geographical distribution of plants and animals is dependent on both
physical and biological conditions.

Species are usually confined
Temperature has universal influence.
within narrow temperature limits. They differ therefore in the different
zones from the equator to the poles, some having a range of only a few
degrees, and others of half a hemisphere. They differ also with the height
on passing from the sea level to the limit of life (the limit of perpetual
snow) about the summits of the highest mountains, or even higher, as
the only
regards Microbes or Bacteria, the lowest of cryptogamous plants,
kinds having the range of the world. They also differ as we descend in
the ocean.
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1.

2. Light is another universal cause. Some species need for successful
growth and reproduction the direct rays of the sun; others are confined to
shady places, dark places, and very dark places, like caves; some to the surface
waters of the ocean, because of the light that penetrates them, and others
to dark depths. A lawn will have a rich surface of grass in the sunshine,
and become full of weeds under the shade of a tree, because the weeds

flourish in the shade, while the grass dwindles and becomes crowded out;
and in such a case fertilizers may help only the weeds instead of the grass.
3. Difference in pressure. - This cause also is universal in its action, but
very feeble in its effects. The atmospheric pressure near the earth's surface
diminishes about one pound per square inch for each 1900 feet of ascent, or,
approximately, three pounds for 6000 feet. In the ocean, the pressure in
creases at the rate of about one pound per square inch for each 22 feet of
descent, or 2750 pounds for 6000 feet or 1000 fathoms, and 11,000 pounds for
24,000 feet.
But marine species readily become adapted to all pressures, as the outside
water penetrates them. Twenty-six fishes are known to have a range of 5400
feet, and some macrural Crustaceans a range of more than 12,000 feet. The

Shrimp, Sergestes mollis, for example, ranges from 2238 to 17,691 feet.
But after a sudden change, or when brought to the surface in a dredge,
a fish presents "a most disreputable appearance," the swimming bladder
protruding from its mouth, the eyes forced from their sockets, and the scales
fallen off (A. Agassiz).

4. Differences in moisture and dryness of climate are great sources of limitation in the range of species. Differences in soil have wide influence; for
a soil must contain the materials essential to a plant's growth before it will
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Rocks favor
grow in it; and what is good for one is bad for another.
certain plants; and, in some instances, differences in rocks adapt them to
different species of Lichens and Mosses. As the composition of the air,
earth, or water varies, the inhabitants differ, what is death to one being

life to another.
The general principle that all living species must have food and just the
food they need, or die, is one of the foundations for the differences in lim
itation under all the causes above mentioned.
Geological changes that vary
these conditions have therefore been a great means of determining distribu
tion, by varying temperatures, climate, and land level; by varying soils and
converting deserts into dry land, marshes, or seas by joining lands through
change of level, so as to favor or compel migration; or sinking them, to the
extermination of species.
In addition, as Darwin has shown, the changes
brought about in the associations of species, in these ways and through their

mutual dependence as to food and all necessities, have been other ceaseless
causes of variation in distribution.
Those continental lands that are most
isolated, like Australia and South America, have, for the reasons mentioned,
and others, the largest number of peculiar species, and hence the most
homogeneous population.
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BRIEF REVIEW OF DISTRIBUTIONAL FACTS OF GEOLOGICAL INTEREST.
TERRESTRIAL SPECIES.
1.

Plants.
Plants of the land spread to all heights, even above the snow-limit. Among Cryp
togams, Ferns and Lycopods flourish in all latitudes from the equator to the polar lati
tudes; but Tree Ferns, not beyond the parallel of 35°. Under the warm moist climates of
tropical and warm-temperate latitudes, Ferns and Lycopocis grow in greatest numbers and
luxuriance. Palms have their limit in South America in latitude 3(1°, in North America
and Australia in 35°, and in Asia in 340; in Europe one species, Ghamcrops humus,
extends as far north as latitude 44°.
The Conifers range through all zones. The Yews, as Salisburia, live in warm-temper
ate latitudes. But the subdivision of Cycads is confined to tropical and warm-temperate
latitudes. They occur in southern Asia, Japan, the East Indies, Madagascar, Australia,
southern Africa., and tropical America, including Mexico and the West Indies.
2. Animals.
Australian characteristics. -Australia, although near the East India Islands, is
remarkable for the absence of all ordinary or placental Mammals except Bats of the genus
Pteropus, Rats, and Mice. Instead, it has a large population of Marsupial Mammals, the
diversified types of ordinary Mammals being represented under the Marsupial or pouched
structure.
Wallace, in allusion to the diversity among them, says (Geogr., i. 391):
Some are carnivorous, some herbivorous; some arboreal, some terrestrial; there are
insect-eaters, root-gnawers, fruit-eaters, honey-eaters, leaf or grass-feeders. Some are like
wolves in habits, others like marmots, weasels, squirrels, flying-squirrels, dormice or jer
boas. All are members of one stock, and have no real affinity with the Old-World forms,
which they often outwardly resemble." Besides Marsupials, which are sometimes called
semi-oviparous, there are the still inferior Monotremes, the Duck-bill and Echidna, both
of which are strictly oviparous, although true Mammals inasmuch as they suckle their
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young. The Australian region (which includes also New Guinea, Celebes, and SOflIC
islands just west) has also numerous Amphibians, more, says Wallace, than any other
continent except South America, and but few Reptiles. It is also noted for its number of
species of Pigeons, two fifths of all that are known being confined to ft ; for its King
fishers, the fauna embracing three fourths of all kinds living ; for Birds of Paradise, Lyre
Birds (the Meiiurids), its many Parrots, those of the Australia-Malay area comprising
17(3 species ; and tinder the Ostrich type, its Cassowaries (genus Casuarius) of Ii species,
and Emeus (I)romaus) of 2 species.
New Zealand, which is also a part of the Australian region, has 2 Bats for its only
Mammals ; the Aptervx, among its Birds; a single Frog among Amphibians; a dozen
Lizards ; a Reptile of pahvic characteristics, the 1-latteria or Sphenixlun, which has but 1
species (S. p datum), the last of an otherwise extinct tribe, the Hhynciwcephialide. It is
very poor in Insects, having only ii species of Butterflies, with about 300 Colcopters
(Wallace). Besides these, there were, one or two centuries or farther back, the now
extinct birds, Dinornis, Palapteryx, and many others of Ostrich-like character. On
Chatham Island, 500 miles east of New Zealand, but within what may be called New Zea
land seas, there have been found the remains of a flightless bird akin to those of New
Zealand.
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The Oriental region, including India and east ward to southern Japan, with Sumatra,
Java, Borneo, etc. -This tropical region, directly north and northwest of the Australian,
is wonderfully different from it. There are no Marsupials or Monotreines ; but instead
Mammals of other kinds, Man-apes, as the Orang-outang, and Lemurs, Lions, Tigers,
Hyenas, Bears, Elephants, Rhinoceroses, Manis among Edentates, and among Reptiles,
Crocodile and Gavials.
The African or Ethiopian region, including the part of Africa south of the Alias
Mountains, with Mzdagascar and the 4fascarene Islands. -The Ethiopian region com
prises in its fauna the Hippopotamus, Rhinoceros, Camelopard, Elephant, Lion, Hyena,
a characteristic type, Hyrax, Horses (Zebras), the Orycteropus and Manis (Ant-eaters)
among Edentates; the Hedgehog among Insectivores; Anthropoid Apes, as the Gorilla,
besides other Quadrumana (all of which have 32 teeth, like Man), and also many Lemurs;
but no Camels, or Bears, or Deer, or Oxen, or species of Suss (Pig). It has among its
Birds two species of Ostrich of the genus Struthio.
Madagascar not long since had its Epyornis, related to the Dinornis of New Zealand
and the Mascarene Islands, the Dodo (Didus ineptus), and other birds now extinct.
Madagascar is noted also for its Lemurs, of which there are 35 species.
The South Am'rican or Xeotropicai region, comprising South America, the West
Indies and Central America, and Mexico. - The Neotropical region is remarkable for the
number of peculiar families and genera. They embrace Monkeys with prehensile tails,
that have a molar tooth more in each jaw than those of Africa; Tapirs; Llamas, Vicuila
and Guanaco, of the Camel family ; Dicotyles, or Peccary, among Wild Boars ; Ant
eaters, Sloths, and Armadillos among Edentates; Marsupials, in which it is related
to the Australian region. Among Birds, there are in America all the Humming Birds of
the world, some 400 species in more than 100 genera, having a range from Patagonia
to Sitka ; Parrots, numbering 141 species; Toucans; the Rhea, of time Ostrich family - a
family confined to the three southern continents, Australia, Africa, and South America
among Reptiles, Alligators, Crocodiles, and many Amphibians, being next to Australian
in their number and variety; and among Fishes, the Lepidosiren, related to the Dipnoi
of Africa and Australia.
Within this region the West India Islands are remarkable, like some of the Hawaiian
Islands in the Pacific, for the number of their land-shells, numbering (108 species of
Operculates and 737 of Inoperculates. The number of the former in South America is
151, of the latter 1251.
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The Vearctie region, or the North American, from iIexieo northward, excluding the
West India islands. - )f peculiar types there are among Mammals the Marsupial of the
genus 1)idelphys, successor to genera that extend far back in American geological history;
among Reptiles, which, however, are more properly neotropical, the Alligator; among
Fishes, the Ganoids, which extend south to Mexico and Cuba; the Humming Birds, (only
six) ranging up from South America; and the fresh-water Mollusks, in which this region
"surpasses all other parts of the globe."
The Palearctic or Eurasian, north. of the Atlas 'Iountains of Africa, and including
Persia, the reqiun of the Himalayas and northern Japan. -']'his great region has its
Monkeys of the African genus Macacus at Gibraltar and north Africa, in Tibet and
north China; its Camels, ranging from Sahara to Mongolia and Lake Baikal; Horses
(Asses) ; its Bovid (Cattle), of which there are more kinds in the Old World than in the
New; the Hyrax, a genus occurring in Syria as well as in Ethiopia; the Beaver (Castor
fiber), near the Castor canadensis of North America.
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AQUATIC SPECIES.
Contrary to old ideas, the bottom of the ocean abounds in life through all depths, down
to 3000 fathoms, and has its species even to a much greater depth. And along the
bottom, from Arctic to Antarctic seas, there is a highway nearly as broad as the ocean,
where the temperature is not above 400 F. or below 28° F., and by this highway species
befitting those depths can migrate the world over.
Limitation in distribution along shores depends much on the kind of bottom, whether
rocky, or sandy, or muddy; on the quality of the water, whether pure or impure, or
encroached upon by fresh waters from the discharge of rivers. But the two chief
sources of limitation, both along shores and throughout the depths, are temperature
and amount of light.
The surface distribution of temperature, as illustrated by the temperature chart, has
The isothermal line of 68° is the boundary of the coral
been explained on page 45.
Within
the
area,
and
for the most part between the parallels of 29° north and
reef seas.
south, the reef-making Corals abound. Part of the species require its warmer portions;
the hardier extend to its borders. By following the outline of the area it may be seen,
where reef Corals can grow, and from what coasts of the Atlantic and Pacific reefs they
are excluded by the coolness of waters; and also why the Bermudas are within the coral
reef limit, although situated in latitude 32° N.
It will also be observed that in the Atlantic Ocean the meeting of the isotherms of
56°, 62°, and 68° at Cape 1-latteras signifies that two temperate zones, the temperate and
subtemperate, which have great expansion on the European side of the ocean, and even
include the whole Mediterranean Sea, with its very abundant life, are wholly excluded
from American waters because of the meeting at that point of the Labrador and Gulf
Stream currents (page 4(1), and thereby of zones of Labrador and Gulf-Stream species.
The chart thus explains many strange facts in the distribution of the life along the
borders of the ocean.
The second cause of limitation is the amount of light, as explained by Fuchs. It has
its effects at 120 to 180 feet, and more marked at 420 to 480 feet. The greatest depth at
which gelatine bromide photographic plates were sensible to light in experiments in the
Gulf of Nice was 400 meters (1312 feet); 350 meters for eight hours of the clay; 300
meters from sunrise to sunset; and in Lake Geneva, the greatest depth 200 meters (Fol
and Sarrasin). It is generally held, however, that there can hardly be a total absence of
light, even at abyssal depths, since, while many animal species are blind, or have eyes
excessively large or excessively small, many others have them of normal size and struc
ture.
The phosphorescence of various species among Fishes, Crustaceans, Annelids,
Ophiurais, Ascidians, Gorgonias, Antipathes, Medu&e, as well as Infusoria, may be all
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there is of light at abyssal depths; but this is not probable. Murray observes that the
eyes of the Fishes are in general unusually large at depths of 480 to 1200 feet; but
beyond this depth, small-eyed species as well as large-eyed are common, and many also
are blind.
The Littoral zone. -By means of light, rather than temperature, the limits of the
Littoral zone are determined. Reef-forming Corals, and therefore coral-made reefs, have
their limit in depth at 120 or 150 feet in the equatorial regions, and at 00 to 96 feet near
the border of the coral-reef seas ; and since the temperature of 68° F. in the tropics is
usually 600 feet below the surface, light is made, by Fuchs, to be the chief cause. A
vast variety of species are congregated under like limitation, the coral-reef seas being
"the gathering grounds of an extremely rich fauna," says Fuchs, and one so peculiar that
the terms coral-fishes, coral-mollusks, and the like, would not be inappropriate; a fauna
that embraces "the whole splendor of the animal life " of the Indian and Pacific oceans.
Within this Littoral zone belong, moreover, the areas of large Bivalves, such as Oysters,
Pearl Oysters, Scallops, which have their maximum development in from 48 to 60 feet,
and axe not found below 120 feet.'
The seaweed areas reach to a depth of 30 fathoms, or about 200 feet. Plants are
dependent on light for assimilation, and hence comes this narrow limit for the aquatic part
of the vegetable kingdom.
The Fucoids and strap-like Laminarians, or the brown and olive Seaweeds - related,
it is supposed, to the Seaweeds of early time, when no seas were colder than those of the
modern temperate zone - live now on most shores from the tropics to the poles, and attain
their greatest size in the colder latitudes.
The only deep-water plants thus far observed are Corahhines at 900 feet, and small
Alga, found to bore into corals that came up, according to Duncan, from a depth of 6000
feet.
The depths. -Below 420 to 480 feet are the regions of darkness. They are divided
locally into two sections, a warm and a frigid, by the Gulf Stream and other tropical
currents. The depth to which the warm waters of this stream extend along the borders
of the Atlantic basin, and thence across the ocean to Great Britain, are mentioned on
page 5. Where these waters wash the sides of the Atlantic basin from Florida north
eastward, there is a profusion of life of all marine kinds; and the same is true for the
area within the British sea.
The cold belt passes close by the western side of the warm belt off New Jersey and
Nantucket. The commingling of the two in a storm is stated by Professor Verrill (1882)
to have probably caused the extermination - only temporary, it has proved - of a large
food-fish, the Tile-fish, of the genus Lopholatilus, which was caught abundantly by a Fish
Commission expedition in 1881 off Nantucket with a trawl at a depth of 420 to 900 feet.
During the following winter great numbers of the dead Tile fish were seen by passing
vessels, floating at the surface; and in the dredging of 1882 over the same area not one
was obtained; and many other species dredged in 1881 were missing in 1882. In 1890
the Tile-fish was again found.
The bottom of the ocean through all its depths is constantly receiving contributions of
the hard parts of its living species, from the bones of Whales and Sharks to the siliceous
shells of Diatoms, and the calcareous of Rhizopods. It is often difficult to determine for
the smaller species whether they are denizens of the dark depths or of more superficial
waters. Most of the pelagic species that are found abundantly at the surface of the
ocean during the dark hours of the night, and may then be easily taken with a hand-net,
go to greater depths during the day, showing that they are really part of the fauna of the
darkness. Pelagic species, according to Agaasiz, are mostly confined to within 1200 feet
of the surface.
1 J Fuchs, Geol. Verhandi. .Reichan8talt, No. 4, 1882; Ann. May. N. Hint., January, 1883.
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Oceanic species include a large part of Diatoms or silica-secreting microscopic plants.
They live near the surface, requiring light like other plants, and are forced to keep near
the surface by the bubble of oxygen
they give out in assimilation. They
abound especially in the southern At.
lantic, and great areas over the bottom
are covered with a Diatom ooze or soft
mud
The Forarninifers or calcareous
'-E
Rhizopods, are solely salt-water spe
cies. They in part live near the stir
face, if not altogether. These abound
in many seas, excepting the more frigid,
and make by their accumulation at the
bottom the Globigerina ooze, even to
depths of 174,000 feet.
Maury, al
to
the
to
the
ocean's
luding
dropping
bottom of the Foraminifers, says:
"The sea, like the snow-cloud with
its flakes, in a cairn is always letting
fall on its bed, showers of microscopic
shells, and all pelagic life adds to the
showers."
Radiolarians, or siliceous Rhizo
pods, occur only in salt water. They
are abundant in some localities in the
central Pacific, at a depth of 15,000
feet and less. They make a Radio
larian ooze. A Radiolarian deposit on
the Barbadoes is supposed to indicate
an elevation of the sea-bottom of 1000
to 2000 feet.
Siliceous Sponges occur in the
ocean at various depths to 15,000 feet,
and from warmer temperatures to
40° F. The ilexactinellids are most
abundant at depths of 80 to 100 fath
oms, at which depth the Euplectella
(Fig. 20) was obtained near the Philip
pines, in waters at a temperature of
590 F., and near Cebu, of 69° F. For
figures of a number of Sponge Spicules
see page 432. The Choristid Sponges
occur down to 16,200 feet, and the
Lithisticis to 900 feet. The Sponges
with calcareous spicules or skeleton
are also widely distributed. Both the
calcareous and siliceous also occur in
shallow waters, fresh and salt.
The ordinary or the Actinozoan
Euplectella speciosa, or Glass Sponge.
Corals are all marine. Solitary kinds
extend to great depths, and one species, Bat1yaceis .'ymmetrica, has a vertical range
from 180 to 17,400 feet (Moseley).They are, therefore, species of all temperatures and
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30.

Peutacrinus decorue, of Carpenter. From A. Agasaiz.
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degrees of light or darkness. Of reef-making Corals, or those that grow in plantations,
an account has already been given.
Echinoderms are solely marine species, and they are found at all depths and tempera
tures. Crinoids of the genus Pentacrinus (Fig. 30, page 58), and allied to Liassic kinds,
with species of Rhizocrinus, Bathycrinus, etc., live at depths above 100 fathoms to below
1000, many where the temperature is below 400 F. Sea-urchins (Echinids) of the Cidaris,
1)iadeina, and Ananciiytes families, related to Cretaceous types, occur at similar cold
depths. A. Agassiz states that the deep-sea fauna of the West Indies includes 5 Jurassic
genera of Echinids, 10 Cretaceous, 24 early Tertiary, and 4 of the later Tertiary.
Brachiopods of the Terebratulici type, much like Odhitic and Cretaceous forms, occur at
all depths, down to 18,000 feet; and 1)iscina, from the surface to cold depths exceeding
12,000 feet, but the most below 3000 feet; Crania, at 000 to 1200 feet. Lingula occurs in
shallow waters. Species of the genera Atretia, Discina, and Waidheimia and others occur
beneath the Gulf Stream at depths of 9000 to 9000 feet.
Under Mollusks: Pteropods are pelagic species, and live mostly near the surface.
Their shells occur in large numbers in the bottom deposit at depths mostly from 500 to
1500 fathoms in the West Indies and some parts of the Pacific.
The form in Fig. 31 of a Mexican Gulf and Atlantic species
31.
is much like that of many ancient Pteropods. Deep-sea
Gastropods are usually small. The genus Pleurotomaria has
only .four living species known; and P. Adansoniana lives at
a depth of 1200 feet. Trigonia is a shallow-water genus. The
/'
Nautilus, the last of the Cephalopods having external shells,
is restricted to tropical and sub-tropical seas.
,
occur
at
Worms,
the
great
depths,
Among
Serpulid
species having been obtained by the "Challenger" at depths
of nearly 18,000 feet.
Some of the abyssal species of Crustaceans have been
shown to range from pole to pole. The large spiny crabs
'
of the genus Lithodesare probably among them. One of the
\
species, L. Açassizii, from a depth of 11000 fathoms underas
Verrill
over
neath the Gulf Stream, is reported by
(1884)
I
three feet broad. Many of the deep-sea Crustaceans, accord';
ing to S. I. Smith, are remarkable for the large size of their
eggs. In some of the Eupaguri (Soldier-crabs), the eggs are
8 times the usual size (volume).
The only surviving species of the Trilobite and Eurypterid
line are two of the genus Limulus, -one in eastern North
America, and the other in the China seas. Crustaceans are
found mostly at depths less than 3000 feet; 2 only out of
100 Brachyurans dredged off the United States were from
depths greater than 3000 feet; but 30 out of 60 Macrurans
were from greater depths, 13 of them from below 6000 feet,
and some at depths of 12,000 feet; and one gigantic blind
species., Phoberus caeus, is over 2 feet long. One Isopod,
Bath ynomus giqanteus, occurs eleven inches long; in com
pensation for dark depths it has compound eyes comprising
Pteropod, genus Styllola. x 5.
4000 facets (Milne-Edwards).
A. Agasalz.
includedGanoids
Sturgeons
Fishes. -The existing
live only in fresh waters, and are confined to America, Africa,
and Australia. North America has 3 species of the genus Lepidosteus, and Africa 2 of
as the name implies, two-way breathers,
Pohypteri.is; and of the related Dipnoi, which are,
northern
Australia, has 2 species of Cerathey having lungs as well as gills, Queensland,
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todus, and South Africa has 1 species of Protopterus: in all not a dozen species of a tribe
that was once very prominent. Pelagic fishes occur at all depths to nearly 18,000 feet.
The "Albatross " brought up a Cyclothone from a depth of 17,Ot)4 feet (Aga.ssiz). The
species of the deeper waters are described as having the bones feebly calcareous, being
slender and loosely connected, and some species will take in a fish for food three times as
large as themselves. Many kinds are phosphorescent.
Cestraciout Sharks, once very numerous in species, are now but 4 in number, and all
are of one genus, Cestracion. These are confined to the coast regions between Japan and
Australia or New Zealand. The type has therefore nearly reached extinction.
From the facts reviewed with regard to marine life, it is apparent that the knowledge
of depths and temperatures of living species affords little help for conclusions about the
habits of ancient species.
Many of the tribes that were represented by warm-water
and
those
of
shallow
seas, have now species that have become accustomed to great
species
depths and cold temperatures. Modern Brachiopods are no criterion for the ancient; nor
modern Crinoids, nor modern Corals.
Hot-water Life.
In the north point of Owen's Valley, California, according to Dr. I-I. C. Wood (Am.
Jour. Sci., 1868), at 120° F., and also at 160° F. (as learned from Mrs. Partz), occur Algae,
some growing to a length exceeding 2 feet. The species is named Vostoc caUdariam. At
the Hot Springs (" Geysers"), on Pluton Creek, California, Professor William H. Brewer
observed Confervie in waters heated to 140°-141)° F., and simpler Alge where the tern
perature was 200° F. At the same place, Dr. James Blake fouuid 2 kinds of Conferve
in a spring of the temperature of 1980, and many Oscillatoria and 2 1)iatoius, in one of
174°. In the waters of Platon Creek, of 112° F., the Alge formed layers 3 inches thick.
Dr. Blake also collected 60 species of Diatoms from a spring in Pueblo Valley, Nevada,
the temperature being 163° F. ; and they were mostly identical with those of beds of
infusorial earth in Utah. At San Bernardino, California, William P. Blake found living
Con1erv in water at a temperature of 130°. At Camiguin Island, east of Cebu, Moseley
found living Alge at 113° F. ; and W. '1'. T. Dyer has reported that Osci1latori have
been observed growing at 178° to 182° F.
The various hot springs of the several Geyser Basins, in the Yellowstone National Park,
contain very various Confervoid forms. The hottest springs, up to 200° F., contain numer
ous long, slender, white and yellow vegetable fibers, of undetermined relations, waving in
the boiling eddies, and becoming buried in the siliceous deposits over the bottom, where
they often form layers several inches thick. The bright green forms appear to be confined
to lower temperatures. W. R. rraggart reports that, at the vents on the shores of Lewis's
Lake, leafy vegetation is limited to temperatures below 120° (Hayden's Reports, 1871-2).
Dr. Josiah Curtis found, in these hot springs, siliceous skeletons of very numerous Dia
toms; but the vegetable matter was wanting in all cases where the temperature exceeded
96° F. So many different causes might introduce these skeletons to the hotter pools, that
their presence has not necessarily any ixiore significance than that of the Grasshoppers and
Butterflies which are frequently found in the same pools. -Of animal life, living larves
of Helicopsyche were found, by Mr. Taggart, in a spring having the temperature of 108°,
into which, however, they might have crawled from the river, which was close by; so that
the eggs were not necessarily laid at the temperature given.
At Baflos, on Luzon, Philippine Islands, the author observed feathery Confervme in
waters heated to 160° F. In springs in the Pass of Cliivela, having a temperature of
98° F., the United States Exploring Expedition of 1872 found Fish; and, according to
Mr. James Richardson, Fish occur in springs in Marocco having a temperature of 750 F.
On the subject of the geographical distribution of animals, the most important works
are Wallace's work in 2 volumes under this title, and his Island Life; and on North
America, J. A. Allen, 1892, Bulletin American Museum, New York.

PART

STRUCTURAL

II.

GEOLOGY.

THE earth, separate from its water and air, - that is, the lithosphere, as it
is sometimes called, - is made up of rock-material, and the portions, whether
masses or beds, which come under geological study, are termed terranes.
Structural Geology treats of the mineral constituents of terranes; of the

rocks which the minerals form; and of the structure and general arrange
Some terranes,
ment or positions, and other characteristics of terranes.
though unconsolidated, in a general way come under the head of rock
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deposits; for consolidation is an incident that may or may not take place.
The subdivisions of Structural Geology as here adopted are: I.
II.
ment.

Rocks: their constituents and kinds.
Terranes: their constitution, characteristics, positions, and arrange

I.

ROCKS:

THEIR CONSTITUENTS AND KINDS.

THE ELEMENTS, AND THEIR SIMPLER COMBINATIONS.
The number of elements, or substances, not yet shown to be compound,
Of
that have been obtained from the earth's ro'ks and minerals is 70.
and
fluorine, at the ordinary
these, oxygen, nitrogen, hydrogen, chlorine,
few
facts are here stated respecting
temperature and pressure, are gases. A
the elements of most geological importance.

- Oxygen is the most abundant element.
It constitutes 8889
Oxygen.
per cent by weight of water, 21 of the atmosphere, and about 50 of all other
It owes its importance in nature to the
material in the earth's structure.
intensity of its chemical attraction for nearly all the elements. Ordinary
combustion of wood, coal, or gas is due to the combination of its elements
with oxygen; and living growth is dependent on the same process.

Combined with (1) hydrogen, oxygen forms water, H20; with (2) potassium
(called also k&iuin), potash, K,0; with (3) sodium (natrium), soda, Na20;
with (4) lithium., lithia, Li20; with (5) calcium, lime, CaO; with (6) magne
sium, magnesia, MgO ; with (7) iron (ferrion), he two oxides, FeO and Fe203;
with (8) aluminium (the metallic base of clay), ali.uuiua, A1203; with (9)
01
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carbon, carbon dioxide (or carbonic acid), CO; with (10) silicon (the name
from the Latin silex,flint), silica, Si0.
These and other essent(all'i stable oxides are the chief constituents of rock
making materials. They are in strong contrast with the compounds that
make up organic tissues, or those of plants and minerals. These contain,
along with the oxygen present, carbon, hydrogen, nitrogen, and generally a
little sulphur and phosphorus, elements that have a strong affinity for

oxygen, but they are associated with too little oxygen to satisfy their affini
ties, and, moreover, all are under a degree of restraint from the living
conditions. When these conditions are removed at death, ordinary chemical
affinities rule, and oxides are formed out of the elements of the tissues, and
of outside as well as inside oxygen -C02, CO, HO being the ehief products.
If outside oxygen is mainly excluded during the decomposition, hydrocar
bon compounds form, or those that constitute mineral coal, oil, gas, and the
black or brown carbonaceous material that colors soil and many rocks; but
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these on burning become mostly CO2 and H20.

Carbon. -Carbon is a prime clement in living structures, as silicon is in
rock-making minerals. In its pure state, crystallized in octahedrons and
related forms, it is the diamond, the hardest of minerals. Crystallized in
six-sided tables or scales of a dark lead-gray color, it is graphite (or plum.
" black lead," because it
bago), one of the softest of minerals; often called
leaves a trace on paper much like, but darker than, that of lead. Substances
having like composition, but different in crystallization, as diamond and
graphite, are called paranorphs. Charcoal is nearly pure carbon, but
contains some hydrogen and oxygen; and the best mineral coal
75 to 83 per cent carbon. Carbon combined with oxygen, forming
carbon dioxide, is given out in the respiration of animals, and
contributed to the air, and by aquatic animals to the waters, and is

is only
002, or
is thus

a large
result, as before explained, of all decay. At time same time, it is the source
of carbon to the growing plant. Carbon dioxide has great geological
importance through its combination with lime (CaO), producing calcium
carbonate, the formula of which is CaCO3 (or its equivalent CaO + 00?),
the material of ordinary limestone.

Silicon. -Silicon combined with oxygen, and thus making silica (Si02),
constitutes the two minerals, quartz and opal. Quartz is the most abundant,
durable, and indestructible of common minerals. Silica also enters into
combination with various oxides, and thus makes silicates.
Of time oxides in these silicates, alumina, A1203, is the hardest, most
infusible, and most indestructible. Like silica, it is well fitted for a chief
place in the earth's foundations; and next to silica it is the most abundant.
Silica combined with alumina alone, makes only infusible silicates; but if
potash, soda, lime, magnesia, or the oxides of iron are present, the minerals
in general are fusible, and are, therefore, suited for the material of a melted
as well as of a solid globe.
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Sulphur. - The element sulphur has great importance in the mineral
kingdom, but more so in connection with the ores of various metals than
among ordinary rock materials. Sulphur is a common volcanic product.
Sulphur dioxide, or sulphurous acid (SO,), is abundant in the vapors of

volcanoes; and sulphur trioxide with water (5081120), the so-called sul
phuric acid, enters into combinations with other oxides, making sulphates.
Phosphorus. - Phosphorus forms an acid with oxygen, phosphorus pent
oxide (P2O), which combines with calcium and oxygen and makes calcium
phosphate, a chief constituent of bones, of guano, and of the mineral apatite.
There are also phosphates of iron, lead, copper, etc.
Nitrogen. - Seventy-nine per cent of the atmosphere is nitrogen, the rest
Nitric acid (NO) forms nitrates; common saltpeter is a
being oxygen.
potassium nitrate. Nitrogen is an essential constituent of animal tissues,
and of fungoid plants, or those that are not green in color, as the mushroom;
and it is present also in the seeds and some other parts of higher plants.
chlorine, Bromine, Fluorine, Boron. - Chlorine combined with sodium,
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60T per cent to 293, forms common salt, of which the ocean is the great
depository. There are also among ores, chlorides of silver, lead, and copper.
Bromides occur in the ocean's water and in some minerals.
Fluorine is a
constituent of the common mineral, fluor spar or fluorite (CaF), and also

exists in the minerals, topaz, chondrodite, and a few others. Boron occurs in
boracic acid, in borax, which is a sodium borate, and in the mineral silicates,
tourmaline, danburite, and datolite.
THE CHIEF Roc1-IAKING MINERALS.
The following brief descriptions of minerals are intended as notes of refer
A sufficient knowledge of the subject for the geologist can be obtained
ence.
only by a special study of mineralogy.

1. Silica.
QUARTZ. - Hardness 7 (not scratched with the point of a knife-blade). G=2-65.
Infusible and insoluble, but fusible to glass when mixed with soda and heated (quartz
sand and soda being constituents of common glass). No cleavage. Often like glass in
luster and transparency, but varying to dull and opaque, and
32
from colorless to yellow, red, purple, brown, black, etc. Often
33
in crystals like Figs. 3,1 33, the crystals, six-sided prisms
R
with pyramids at one or both ends; often closely covering
£
i
the surfaces with the pyramids. Composition: Silicon 4667,
i
either
glassy
oxygen 5333=100. Common in massive forms,
/
or of various dull colors, and of little luster. The stones and
sand-grains of the fields and beaches are mostly quartz. This is
due to the fact that nearly all other kinds of common stones are softer and get worn down
to earth before quartz. Among massive varieties: flint and chart are dull-lustered, with
usually a smoky or blackish color, but varying to yellowish, brownish, and other shades.
1 In the figures of crystals 0 indicates the basal plane; 1,1, the prismatic faces of the fundamental prism; and R, a face of the fundamental rhombohedron in rhomboliedral forms.
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OPAL. -Uncrystallized silica, a little less hard than quartz and of less density
(G=23), and having usually a greasy or waxy luster. Colors, white to milky gray, red,
etc. ; when showing internal colored reflections it is the gem, opal.
Opal is identical
with quartz in composition, yet commonly contains some water; it dissolves more readily
in heated alkaline waters. Here belongs the material deposited by the hot waters of
geysers, making the geyser basins (sometimes called geyserite) ; also the siliceous
secretions of Sponges, and the shells of liadiolariaiis, and of the minute microscopic plants
called 1)iatonis.
'I'RIDYM ITE. - Pure silica of the density of opal, but occurring in minute thin glassy
hexagonal crystals, in obsidian and some other volcanic rocks.
2.

Ala mina.

SAPPhIRE OR CORUNDUM. -Composition: Al001=oxygen 40-8, aluminium 53-2=100.
The crystals are the hardest of gems next to the diamond ; the blue transparent crystals
are sapphire, the red crystals, oriental ruby ; and the coarser material when ground
makes emery.
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3.

Silicates of Aluminium and other Basic Elements.

THE FELDSPARS. - The feldspars are next in abundance to quartz. Luster nearly
like quartz, but often somewhat pearly on smooth faces. 1l=6A-7, or very nearly as hard
as quartz. Specific gravity 2-4-2-6. In general white or flesh-colored ; rarely greenish or
brownish. Crystals stout, never acicular. Differs from quartz in having a perfect cleav
age in one direction, yielding under the liamiiier a siiiooth lustrous surface, and in another,
nearly as perfect a cleavage surface, the two inclined 84° to 90° to one another; also in being
more or less fusible before the blow-pipe. Composition: Silica and alumina with either
potash, soda, or lime, or two or all of these combined. Contains, unless impure, no iron
or magnesia.
The group of feldspars includes several species differing in the proportion of silica
(the acid) to the other ingredients (bases), and in the
3
34
particular alkali (potash, soda, or lime) predominant,
but they graduate to some extent into one another. The
21
kinds are as follows : Ortluelase, or potash-feldspar, is the most common.
The cleavage surfaces make a right angle with one
another, whence the name, signifying cleam'ing at a right
DEC
angle; the forni is monoclinic. Figs. 34, 35, 36, repre
sent crystals of this species, the last a twin crystal; cleavage takes place parallel to the
faces 0 and a. Composition: Silica 64-7, alumina 184, potash 169=100.
The other kinds are triclinic in crystallization, and the cleavages make an oblique
angle with one another, of 840_890 441, and hence they are sometimes called plagioclase,
frobi the Greek plagios, oblique.
Microcline.-Like orthoclase in composition ; but the cleavage angle differs 10' from
90°. The chief distinctions are optical.
.Albite. - A soda feldspar, named from the Latin albus, white. When albite and
orthoclase occur together, albite is usually the whiter. Composition: Silica 086, alumina
19-6, soda 118=100. A little more fusible than orthoclase.
Oligoclase. -A soda-lime feldspar. Composition: Silica 01-9, alumina 24-1, lime 52,
soda 8-8=100. Fuses like albite.
Labradorite. - A lime-soda feldspar. Composition: Silica 62-9, alumina 30-3, lime
12-3, soda 4-5=100. Fuses easily, named from Labrador. Andesite is a species between
oligoclase and labradorite in composition, named from the Andes.
A,wrthite. - A lime feldspar.Composition: Silica 43-1, alumina 30-8, lime 20-1 = 100.
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Fuses with much difficulty. The first four of the above species contain over 60 per cent of
silica, and hence are called acidic feldspars, while labradorite and anorthite are called
basic feldspars.
The following are a few other related silicates containing potash, soda, or lime: LEUCITE. - In white to gray trapezohedrons, like those of garnet (Fig. 44, page 66).
Occurs in some lavas, as those of Vesuvius. Composition: Silica 550, alumina 235, potash
215=100. Infusible.
NEPIIELITE. -In hexagonal prisms and massive; luster of the massive, greasy, hence
the name ela'olite from the Greek elalon, oil. Composition: Silica 440, alumina 33-2,
soda 15-1, potash 7-7=100. Fuses easily. Treated with hot hydrochloric acid forms a
jelly.
37
SCAPOLITES. -III square prisms with square pyramidal terminations.
Fuses easily. Several species are here included. Wernerite has the corn1 1
Ieionite is
position: Silica 48-4, alumina 285, lime 18-1, soda 50=100.
a lime-scapolite.
SAUSStJRITE. -A compact whitish uncrystalline mineral into which
crystals of labradorite and anorthite are sometimes changed. Contains
soda and has nearly the composition of labradorite. Has a higher specific
Scftpollte.
gravity than the feldspars, 2-9-3-5.
THE MICA Gnoup. -The micas are cleavable into thin elastic leaves. Often used,
when transparent, in the doors of stoves and lanterns. Occurs colorless to brown, green,
reddish, and black; and either in small scales disseminated through rocks - as in granite
-or in plates a yard in diameter. Contains silica, alumina, and much potash or soda,
like a feldspar, but besides these, in most species, magnesia and iron, which do not exist
in any feldspars. Fluorine is sometimes present. Some varieties resemble crystallized talc
and chlorite, from which they differ in being elastic. But hydrous micas are generally in
elastic, and have also the greasy feel of talc. The more common species of mica are: Muscovite (Muscovy glass of early mineralogy). - Light colored to brownish, and
usually transparent in thin leaves. One variety afforded silica 463, alumina 368, iron
sesquloxide 45, potash 9-2, fluorine 0-7. water 1-8 = 993. Three to five per cent of
water are often present; and when 4 to 5 per cent, it is called hydromica (or hydrous
mica). Sericite and danzouritc are kinds of hydroniica.
Biotite. -Color, usually black, rarely white.
One analysis afforded silica 40.0,
alumina 17-28, iron sesquioxide 072, iron protoxide 4-88, magnesia 23-91, potash 8-57,
soda 1-47, water 137, fluorine 1-57 = 99-77. Another black mica, lepidomelane, contains
20 to 30 per cent of iron oxides.
Plilogopite. - A brown mica occurring in crystalline limestone in northern New York.
The following are other aluminium silicates often disseminated through crystalline
chists or slates: 38.

89.

Staurolite.
.Andalu8lte, var. Chlastolite.
FIRROLITE,
are
alike
in composition, con.
AwnAIns1TE, CYANITE (spelt also Kyanite),
=
100. They occur in oblong prisms, often
isting simply of silica 361) and alumina 63-1
-MANUAL-5
DANA'S
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slender. Have 11=64. Are infusible.
Andalusite occurs in gray, stoutish, neariy
square, prisms (00° 48') which are often tesselated inside with white (then called chis
tolite). Cyanite is commonly in long, bluish, bladed crystals and tlbrolite in rhombic
prisms and fibers, having a brilliant diagonal cleavage.
STAUtOLITE. -In rhombic prisms of l2tJ° 2201, imbedded in slaty rocks. Usual colors,
brown to black. The crystals are often crossed as in Fig. 030, and hence the name, fruiii
the Greek for cross. I-I = 7-71. Composition: Silica 293, alumina 535, sesquioxide of
iron 17'2 = 100. Infusible.
'I'oURMALINE. -Usually in three-sided or six-sided black crystals, having the luster
within, when black, like that of a black resin ; and it has no distinct cleavage, and thus
differs from hornblende. Figs. 40, 41 show two of the forms; and Fig. 42, the appear
42.
40.

41.
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!4
Tourmaline.

Tourmaline.

ance of the crystals in the rock, which is often quartz. Besides black, there are also brown,
green, red, and white tourmalines. ii = 7-7. Constituents: Silica, alumina, magnesia,
with fluorine and some horacw acid. Fusible, but fusibility varying much in varieties.
GARNET. -In crystals of the forms in Figs. 43, 44. 11 = G.-71. Colors usually red
to brown and black, rarely green and colorless; sometimes chrome-green. It = 6-7.
Consists of silica and alumina, with either iron, or lime, or manganese, and varying in its
characters according to composition.
43.

44.

EriDorE. - In yellowish green to hair-brown prismatic crystals and masses. A peculiar
yellowish green color is most common. It has nearly the composition of an iron garnet..
G
325-35. Zoisite is a related mineral of ash-gray to whitish color, containing much
lime and little or no iron. It has high specific gravity, G = 31-3'4. Constituents as in
garnet.
46.
45.
IDOCI1A5E. -III square prisms, of a brown to oil-green color.
i
H = 81. Composition: One kind, silica 37"3, alumina 161, iron
sesquioxide 37, lime 354, magnesia 2-1, iron protoxide 2-1),
i i
water 21
00t3. Fusible.
TOPAZ.
III rhombic prisms of 124° 17', remarkable for
1
2
with
ease and brilliancy parallel to the base of the
cleaving
Colors,
prism.
yellowish to white, also brown. Two of the
Topaz.
forms of its crystals are shown in Figs. 45, 46. ii
8. Consists of silica 162, silicon fluoride 281, alumina 557 = 100.
The amount of fluorine
present is a remarkable quality. Infusible.
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Zincox, BERYL, 'fvrtNITE (Sphene) are other anhydrous silicates. Zircon is a silicate
of zirconia ; beryl (aquiunarine when pale green and transparent), a silicate of alumina
and beryllia ; titanite or sphene, a silicate of calcium and titanium.
4. Silicates of .)3luynesiam and Iron or Calcium, with Little or no Alumina and
no Water.
CnuYsoiITE. - occurs in green glassy grains or crystals in basalt and related rocks,
and also paler green in rock masses. Also called olivine, and in France peridot. H = F7.
Infusible. Composition of a common variety: Silica 41-4, magnesia 50, iron protoxide
7"7 = 100. A related mineral, fayaiiee, contains iron without magnesium, and is fusible.
The crystals often occur changed, partly or wholly, to serpentine.
CIL0NDR0inTE. -A yellow to brown magnesium silicate, containing fluorine, occurring
in crystalline limestones. A kind found in ejected masses of limestone at Vesuvius
is called /ZUiflitC.
1-IoR4nLENDE (often called amphibole). - Occurs in prisms of 124 .90' (which is
also the cleavage angle). Colors various, from black to green and white. The most
common kind in rocks is an iron-bearing variety, in black cleavable grains or in oblong
black prisms. Figs. 47, 48, and 49 represent common crystals, and 50 tufts of crystals
as they often appear in some rocks. The kind in slender green crystals or fibers is
called actinolite - a common form of its crystals is shown in Fig. 49; the white (a kind
common in crystalline limestones, and containing much lime'), tremolite. The mineral
47.

48.
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50.

49.

is common in fibrous masses; and, when the fibers are as fine as flax, it is called asbestos.
A common black hornblende consists of silica 488, alumina 75, magnesia 130, lime
102, iron protoxide 1&8, manganese protoxide, 11 = 100.
PYROXENE (including augite). -Like hornblende in chemical composition and in
most of itb characters; but the crystals, as in the annexed figures, 51, 52, instead of
being prisms of 124° 30', are prisms of 87° 5' or nearly (angle I
51.
52.
on I), and are often eight-sided from the truncation of the four
-( -1
edges, as in Fig. 52. Pyroxene and hornblende are hence para
rnorphs, being different in crystallization, but alike in composition.
l
r
Black and dark green pyroxene in short crystals is called angite;
it is an iron-bearing kind, and is common in igneous rocks.
ENSTATITE. - Near pyroxene in cleavage angle, but prisms
orthorhombic. Infusible or nearly so. It is in part a silicate
of magnesium. When a silicate of magnesium and iron, it is often called bronzite; and,
if containing much iron, hypersthene.
Silicates of Magnesium, etc., with TVater.
TALC. -Very soft, 11=1. Crystallizes in flexible folia like mica, but inelastic; also
massive-granular (soapstone or steatite); white and very fine-grained (French chalk).
Feels very greasy. Consists of silica 628, magnesia 335, water 37 = 100. Infusible.
i.
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SERPENTINE. -Oil-green to blackish and yellowish green to greenish white; massive
or fibrous; often having the crystalline form of another mineral. 11=3; feels somewhat
greasy. Consists of silica 4348, magnesia 4348, water 1304 = 100. Mixed with lime
stone it is verd-antique marble.
Tim CuLOIUTE GROUP. -Like green mica when crystallized, but inelastic ; usually
granular-massive; of a dark green color, and greasy feel. Silica from 5 to 35 per cent
in the different species; the other ingredients are alumiua, magnesia, iron, etc., with
12 to 14 per cent of water.
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6.

Silicates of Alumina Containing Water.

KIOLINITE. -Pure white clay, derived usually from the decomposition of orthoclase
-the silica, alumina, and potash of the orthoclase changing to a compound of silica,
alumina, and water, by the loss of potash and gain of water in its place. Consists of silica
464, alumina 397, water 13) = 100.
Besides the hydrous micas, there are the common species: PINITE on AGALMATOLITE.-A compact mineral, soapy to the touch, often resembling
a compact soapstone. Like serpentine and massive pyrophyllite, it is often cut into
images in China. Consists of silica, alumina, potash, and water.
PYRorI1YLLITE. -A mineral resembling talc in color, cleavage, and soapy feel when
crystallized, and like some fine-grained soapstone when massive. Consists of silica,
alumina, and water. It differs from talc in containing alumina in place of magnesia.
GLAUCONITE OR GREEN EARTH. - The material of the New Jersey marl, or Green sand
of the Cretaceous and other rocks. It is a soft, dark or light green silicate of alumina,
iron, and potash, with water.
ZEOLITES. - Seilbite., chabazile, anateite, nat rot/fe, prehn(te, are some of the zeolites
(a word derived from the Greek for to boil, the species fusing easily with intumescence).
They are hydrous species, consisting of silica, alumina, lime or soda, and water.
Laumontite is another related hydrous silicate. They are common minerals in the
cavities of aniygdaloid and some other rocks. Pectotite is a hydrous silicate of lime,
found in fibrous forms, under similar circumstances.
7.

Carbonates.

CALCITE (or calcium carbonate), often called carbonate of lime. It is the material of
common himestones. ii = 3, it being easily scratched ; and G - 2715, when pure. Corn
position: CaO3C = Carbonic acid 440, lime 5t0 = 100. When dropped in powder into
hydrochloric acid diluted with one half water, it ef
53.
fervesces strongly, giving off carbonic acid. The
F
C
annexed are some of the forms it presents when
D
/ A
It cleaves alike in three directions,
crystallized.
B
the
making
angle 1050 51 with one another (= B oil
23
in
53
A); the form, Fig. 53 A, is called a
1?
Fig.
B
rhombohedron. When crystallized, calcite is often
transparent and colorless. But the mineral occurs of
various colors from white to black and the massive
C
H
kinds from translucent to opaque. All the common
marbles are limestones, either of this mineral species
or the following, or mixtures of the two.
Dolomite (or calcium-magnesium carbonate).
Resembles calcite so closely that the two cannot often
be distinguished except by chemical means. It constitutes many limestone strata, both
massive and crystalline. When dropped in powder into cold dilute muriatic acid, it
effervesces very feebly; but on heating, a brisk effervescence is produced. Cleavage angle
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1060 15', and this, with crystallized specimens, is an important means of distinction.
Formula,
Composition: Carbonate of limo 544, carbonate of magnesia 456 = 100.
(Ca Mg) 08C.
SIDmUTE (iron carbonate). - A valuable ore of iron, sometimes called steel ore. Crys
tallizes and cleaves like the preceding, but. much heavier. G = 37-3"9. Color white to
gray, but becoming brown on exposure to the air because the iron oxidizes easily and
changes to limonite. Cleavage angle 107°. Occurs also massive, gray to brown, with
feeble luster. Formula, FeOC (= FeO + C02).
ARAGONITE. -Like calcite in composition, but occurring in prismatic form, without the
cleavages of calcite. Calcite and aragonite are hence paraniorphs. G = 29-294, which
is above that of calcite. Shells, while consisting generally of calcium carbonate, often
have a large part of the material in the aragonite state; and hence aragonite is present
through most uncrystalline limestones.
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8.

Sulphates.

Gvstmt (or hydrous calcium sulphate). -Very soft. H = 1. One of the few minerals
that may be easily impressed with the teeth without producing a grating sensation. Often
massive and fine granular. Colors from white to black; the white is common alabaster.
Also occurs in crystals, with pearly luster on a cleav
55.
54.
age surface. Figs. 54, 55 give two of the forms of
the crystals. It cleaves in broad pearly plates or folia,
which look like mica, but are softer, and not elastic.
Unlike limestone and other minerals, a little heat
reduces it to powder, making the common plaster of
of
of
the
It
consists
Fares
sulphuric acid 4651, lime 3256, water 2093 = 100.
shops.
Formula, CaO4S + 2 aq (= CaO. SO, 2 aq).
56.
ANHYDRITE (calcium sulphate, without water). -White and grayish, reddish. 11=3-3,1. Cleavage affords rectangular blocks or plates.
It differs from gypsum also in affording no water when heated.
BARITE (or heavy spar, barium sulphate, also called barytes).
- Occurs in tabular crystals, some of the forms of which are
It is remarkable for its high specific gravity
given in Fig. 56.
(G = 43-47), whence the name, from the Greek for weight. It
C
contains sulphuric acid 343, baryta 657 = 100. Formula, BaO4S
used
for
adulterating white
(= BaO + SOS). It is ground up and
lead paint. It is common as a gangue of different ores.
6!0?
9.

Phosphates, Fl uorkles.

A PATITE (calcium phosphate). -Occurs in six-sided prisms of a greenish to bluish
color, often looking like beryl (and this deceptive appearance led to the name from the
Greek, signifying to deceive), but easily distinguished from beryl by its inferior hardness,
as it may be scratched with a knife. Composition: Phosphoric acid 4092, lime 5380,
chlorine 6-82=101-54, for a chlorine-bearing variety. Another kind contains fluorine
instead of chlorine. Much used for making a fertilizer.
Fx.uoRIrE (fluor spar, calcium fluoride). - Crystallizes in cubes, octahedrons, and
other related forms, which cleave easily in four directions, parallel to the faces of the
regular octahedron, the faces of cleavage making angles with one another of 1090 28'.
Often granular-massive. Easily scratched with a file. Colors, clear purple, yellow, blue,
often white, and of other shades. Massive varieties are worked into vases, etc., which
have much beauty. When powdered and thrown on a shovel heated nearly to redness, it
phosphoresces brightly. Composition:Fluorine 487, calcium 513 = 100.
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10.

Sulphides, or Minerals Containing 87dphur.
PYRITE. -Color pale yellow, brass-like, much less yellow than chalcopyrite. hard.
ness 7, or sufficient to strike fire with steel, whence the name, from the Greek for
fire. Occurs often in cubes like Fig. 57. The. striin of the adjoining surfaces, when any
are present, are at right angles with one another. Also in other related
forms. Frequently very brilliant, but also dull, and sometimes brown
57.
from a coating of limonite. Composition: Sulphur 533, iron 467 = 100;
formula FeS.. Common in all rocks, in small disseminated crystals; often
in veins, and as the gangue of other ores. It is the "gay deceiver" of
the mineral world, being often mistaken for silver ores (which are never
yellow) and for gold (which is never brittle or hard), or for chalcopyrite
or copper pyrites (which is easily scratched, and has an olive-green
Often
contains gold invisibly disseminated, and is worked for its gold ; not
powder).
for
iron,
but by oxidation converted into vitriol (iron sulphate), and used
making
good
for this purpose and for making sulphuric acid.
MARCASITE.- Like pyrite in composition (FeS0) and hardness, but color paler and
crystals prismatic. Pyrite and inarcasite are paramorphs.
PvnnnoTI'rE. -Iron sulphide, containing sulphur 395, iron 60-5=100; formula,
Fe7S8, the atomic ratio being nearly 1 to 1. Differs from pyrite in having a bronze-yellow
color, in being easily scratched (I-I = 31 to 4), and in crystallization. Used for the same
purposes as pyrite. Often contains nickel, and is then worked for this metal.
Ansisoi'v lUTE. -Silver-white, brittle, H = 5-5-6, much above that of silver ores.
Contains, with iron, arsenic as well as sulphur; formula, FeAsS. Valuable for its arsenic,
and sometimes contains cobalt and gold.
CIEA LCOeYIUTE (copper pyrites). - Gold-yellow, brittle (in this unlike gold) ; powder
olive-green. A valuable ore of copper, consisting of sulphur 3F9, copper 340, iron
30-5 = 100.
GALENA. -Lead sulphide, of light steel-gray color, brittle.
Usually breaks into
cubes under the hammer, unless fine granular-massive; I-I = "5. The common ore of
lead. Contains sulphur 134, lead 866 = 100; formula, PbS.
SPIIALERITE (Blende). -Zinc sulphide. Luster not metallic, but resinous, and the
powder nearly white. Colors yellow and brown, looking much like resin, also black,
rarely white. Composition: Sulphur 33, zinc 07 = 100; formula, ZnS. A common and
valuable ore of zinc.
11.

Oxides.

HEMATITE. -Often called specular iron ore, because the crystals are brilliant; a
steel-gray ore of iron, but also of a deep red color when earthy. Consists of oxygen 30,
iron 70 = 100 ; formula, Fe,03. Crystals rhombohedral. Powder red, and hence the
name (given by the Greeks), from the Greek for blood. If of crystals 0. The red ore
is red ocher (common red paint and red chalk), and a hard, massive, impure kind is a
variety of clay-ironstone. A valuable but hard iron ore, ilfenarcanile (Ilmnit', or
titanic iron) is a related ore containing much titanium and having a black powder.
MAGNETITE. -Called magnetic iron, because easily taken up with a magnet, unlike
other iron ores. Color blackish iron-gray, looking much like hematite, from -which it
differs in its black powder, and in crystallizing in octahedrons and related forms; H = 6.
Composition: Oxygen 276, iron 72-4=100 ; formula, Fe304. Occurs in great beds like the
last, and also common in disseminated crystals; often a black iron sand on sea-beaches.
A valuable ore of iron. FranklinUc is a similar ore (from Sussex Co., N.J.), containing
nearly 7 per cent of zinc oxide with nearly 10 of manganese protoxkle ; valuable for its
zinc, as well as its iron.
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LIMONITE. - A brown, brownish black to ochre-yellow iron ore, consisting of iron in
the same state of oxidation as hematite, but combined with water: it is hence equivalent
to hematite plus water, Fe2O + 1 H2O = iron sesquioxide 856, water 144 = 100. Con
tains when pure 501) per cent of iron. Its powder is brownish yellow - a distinguishing
character. The earthy yellow variety is the common paint, yellow ocher. In the larger
deposits this ore is a secondary product ; that is, was made from the oxidation of iron
bearing minerals in the rocks about the deposits. So named from the Greek for marsh,
because. a common ore in marshes, marshes being the earth's smaller pockets, catching
what iron is decomposed out of the rocks of the surrounding hills and washed in by the
waters. The marsh ore is often contaminated with phosphates from organic deposition,
and therefore the iron it yields is usually fit only for castings. The larger deposits,
not of marsh origin, are commonly pure, or nearly so, from phosphates and sulphur; but
they may contain sulphur when the ore has been made from pyrite. When free from
sulphur it is a very valuable ore, easily worked. Great beds occur in Salisbury, Conn.,
Berkshire County., Mass., Ameuia and elsewhere in eastern New York, in eastern Penn
sylvania, and farther southwest, and in many other states.
MANGANITE, PSILOMELANE, PELAGITE. - Both hydrous and anhydrous oxides of
manganese exist. Mantiam Ce is a hydrous sesquioxide, like limonite (under iron) ; and
psilomelane is a massive, impure ore of related character. The color is iron-black and the
powder black. Over the sea-bottom concretions of impure hydrous manganese oxide
occur, which have been named pelaj iCe. An analysis gave 40 per cent of this oxide to 27
of iron sesquioxide, with 13 per cent of water, 14 of silica, and 40 of alumina. The
manganese is supposed to come from the pyroxene of volcanic ashes.
WATER. -Water is hydrogen oxide, HO = Oxygen 88-89, hydrogen 1111 = 100.
But it is never pure, because of its solvent powers. See beyond, page 118.
ORGANIC CONTRIBUTIONS TO THE MATERIAL OF ROCKS.
The materials of most rocks are of mineral origin. The rocks have been
produced by fusion, or out of the gravel, sand, or clay, made through the
wear and. decay of preexisting rocks; and as the constituents drawn upon
were mineral, the rocks thus derived are of mineral origin. These are the
most common of rocks.
But besides the material from a mineral source, large contributions
toward rock-making have come from the organic kingdoms, especially from
Shells and. corals
those divisions of it that produce hard, stony secretions.

are examples of these secretions. Animals secreted them for protection, sup
port, or some other purpose; but they were good material for rock-making,
and through the geological ages, when the death of animals has set them
free, they have been converted into liniestones. Plants are the source of
coal-beds. Their stems, leaves, tissues, have become gathered in favorable

places into beds, like a peat-bed, and. after long burial have been converted
into coal.
Further, some kinds of animal and vegetable life secrete silica,
material for siliceous accumulations.
Organic. materials may occur not only in deposits that are purely of
organic origin, but also mixed with material of mineral origin, that is, with
sand, clay, gravel, and the like, in various proportions; and sometimes a few
organic relies are all the materials of an organic source that can be distin
guished.

The organic relics preserved in any rock are called fossils (from
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the Latin for dug up), and a bed of rock containing fossils is described as
fossiliferous.
The following are the chief sources of materials of organic origin: Calcareous, or the material of iiinestones. - The most important animal
sources are shells of Mollusks, Corals, Crinoids, Foraminifers or the shells
of ordinary Rhizopods. The sources under the vegetable kingdom are Coral
lines of calcareous or semi-calcareous nature, Confervoid and other Alg,
some of which, as the Nu.llipores, have coral-like forms, while others are
minute and disk-shaped, as the Coccospheres or Coecoliths.
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The following are analyses: I and 2, Corals, Madrepora palmata and Oculina arhuscula, by S. P. Sharples; 3, shell of a Terebrat u/a, by the same; 4, shell of an oyster: 3.
4.
2.
1.
Terebrntula. Oyster-she-11.
Oculina.
Madrepora.
9839
93)
9717
95"37
Calcium carbonate
05
084
0.61
078
Calcium phosphate
04
Calcium sulphate
03
carbonate
Magnesium
379
1.00
3"9
matters
281
Water and organic
In a Millepore (?) Coral Damour found 8.51 per cent of magnesium carbonate in one
species, and little in others. Forchhammcr obtained 63U per cent of magnesium carbonate
from the Coral, Isis nobilis, and 21 per cent in the precious Coral of the Mediterranean,
Coraflium nob i/c. Of the Charc, among plants, Ch. fwtida affords 3F33 per cent of ash,
9535 per cent of which is calcium carbonate.
Siliceous. -The animals that secrete silica are, in the main, (1) the
Sponges, and (2) the Radiolarians, a radiate section of the lfltizopods; and
the vegetables are chiefly the minute Diatoms and other algoid species.
for
Sponges usually consist largely of fine horny fibers. Those used
household purposes are an exception, and are selected for this use because

free from such fibers, and therefore pliant and strong. The silica, when
present, is in spicules, bristling with horny fibers, easily detected with a good
net-work of
pocket lens. In some species they are so abundant as to make a
See page 57
silica, as in the pure "glass-sponge," free from all horny fiber.
for a figure of one of the species.
P/tospit atic. -The chief sources among animal materials are bones, teeth,
epidermis, and other tissues, excrements, and the shells of Liiiyui, Disciiu,
Obolus, Pteropods, etc.; the outer integuments or shell of Crustaceans,
Insects, etc.; and those of a vegetable source are the stems, leaves, and fruit

The phosphoric acid is usually
of plants, especially the edible grains.
present in combination with lime as calcium phosphate.
Guano comes mostly from islands or coasts that have been for a long
time without human residents, and where birds have had undisturbed posses
sion. It is made chiefly of the excrements of birds (sometimes of bats), and
But
owes its value as a fertilizer to its nitrogen and salts of phosphoric acid.
water, from the rains, percolating through it carries down the soluble phos
phates into the underlying material, and if this is coral rock or other loose
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calcareous deposit, the solution converts the calcareous rock into calcium
Isolated excrements in
phosphate, which goes also by the name of guano.
rocks are called cop routes.
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Analyses of bones: 1, 2, human bones, according to Frerichs; 3, fish (Haddock),
according to Dum(nil; 4, Shark (Squalus cornubicus), according to Marchand; 6, fossil
bear, id. : 2.
3.
4.
1.
5.
Calcium phosphate
5526
3246
50'24
59.50
6211
Calcium carbonate
11'70
9'46
bl6
13'24
4-44
Calcium sulphate
f
38-22
30'94
3703
58'07
4'20
Organic substance
Traces of soda, etc
1'22
380
fluoride
Calcium
1'20
212
1'03
o'so
phosphate
Magnesium
In No. 4, a little silica and alumina are included with the fluoride. No. 5 contains also
silica 212, and oxides of iron and maganese, etc., 3'46.
The enamel of teeth contains 85 to 90 per cent of calcium phosphate, 2 to 5 of calcium
carbonate, and 5 to 10 of organic matters. Fish-scales from a Lepidosteus afforded Frémy
40 per cent of organic substance, 51 -8 of phosphate of lime, 7'6 of magnesium phosphate,
and 4'O of calcium carbonate. Other fish-scales contained but a trace of the magnesium
phosphate and more of organic matters.
T. S. 1-hint obtained for the composition of the shell of Lingula ovalis, Calcium phos
phate 85'79, calcium carbonate 1F75, magnesium phosphate 280 = 100'34. The shells of
a fossil Obolus afforded Kupifer the composition nearly of a fluor-apatite (Amer. Jour.
&i., 111. vi. 146); and the phosphatic shells are thin, somewhat horny in appearance, and
usually become black on fossilization.
The shell of a Lobster (Paiinurus) afforded Fréiny, calcium carbonate 490, calcium
phosphate G'7, organic substance 44'3.
Phosphatic nodules, possibly coprolitic, in the Lower Silurian rocks of Canada (on
River Ouelle), afforded T. S. Hunt (see Amer. Jour. Sci., If. xv. and xvii.), in one case,
calcium phosphate 4034, calcium carbonate with fluoride 514, magnesium carbonate 9'70,
9o'37. In a hollow
iron peroxide with a little alumina 12'62, sand 25'44, moisture 213
there
were
67-53
cent
of
per
phosphate.
cylindrical body from the same region,
and
-Nos.
1
and
2
Walker;
3 and 4 by Conneil;
coprolites.
by
Gregory
Analyses of
5 by Quadrat; 6 by Rochleder (a coprolite from the Permian) 1.
Burdie.
house.
Calcium phosphate
958
OFOO
Calcium carbonate
Silica
......................,
j'
Organic material
13'S?
Magnesium carbonate
610
Iron sesquioxide
Alumina
5-33
Water
Lime of organic part
Sodium chloride

100'01

2.
Fifeshire,
6360
2425
trace
3'38
2'89
trace
3.33
-

3.
Burdiehouse.
8508
10'78
0'34
395
-

97.45

10015

4.
l3urdlehouse.
8331
1511
0'29
F47
-

5.
Rosehtitz.
5089
32'22
014
7'38
2'08
612
-

6.
Oberlangencu.
15'25
457
74'03
2'75
1'44
P96

10018

99.13

100'00

The ashes of grass, straw, clover, amounting to 5 to 8 per cent of the dried plant,
afford usually 5 to 15 per cent of phosphoric acid; and those of the seed in wheat,
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rye, maize, rice, buckwheat (the amount of ash 2 per cent or less) affords 40 to 50
per cent; of leaves of walnut (the ash 7 to 772 per cent), 21.1 per cent spring, 4 per
cent autumn; of beech (ash 48 and O'75 per cent.), 7'8 per cent suninier, 42 per cent
autumn; wood of body of beech (amount of ash in dried 01)5 per cent), 53 per cent; of
small wood fl6 per cent, and of brush 12'3 per cent; of pine, fir, larch (0'3 per cent of
ash), 31) to 6 per cent of phosphoric acid.
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Carbonaceous. -The carbonaceous material of the rocks has come, as has
been stated, from the decomposition of plants and animals, and chiefly the
former. Wood contains about 50 per cent of carbon, along with 44 of oxygen
and 6 of hydrogen. Peat is woody material altered part way toward coal,
and sometimes wholly so in places. Brown coal is coal that has a dark
brownish powder. Bituminous coal has a black powder, and burns with a
some of the
bright flame; anthracite burns with little flame. Each contains
oxygen of the original wood, the anthracite the least.
Mineral oil and mineral gas consist of carbon and hydrogen alone, oxygen
being wholly absent. They are the source of the flame of bituminous coal;
is digested in
they do not, however, exist in the coal, for when the coal
a solvent of the oil, as benzine, almost no oil is taken up; the oil or gas is

Other carbona
produced by the heat from a compound present in the coal.
ceous substances of similar origin are asphalt, an oxidized hydrocarbon,
mineral resins, etc. Moreover, among the mineral resins are one or two
which contain sulphur.

Alumina, magnesia, iron, soda, potash, sulphur, etc. - A few of the coal
ash,
making plants, especially the Lycopods, contain much alumina in their
and magnesia, iron, potash, soda, exist in many plants. In the decomposi
tion of buried plants, these materials are partly dissolved out and carried
some
away by waters, and partly contributed to rocks. The following are
analyses of the ash of plants:
Analyses of the ash of Lycopods (1, 2), Ferns (3 to 6), Equiseta (7, 8), Confer (9),
Moss of the genus Sphaynuni (10), and an hex (11) 1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

1W
NaO
Lye clavatum ..31-90 21)8
Lye. clavatum ..2,5-691'74
455
52
Aspi. flux
3W80 531
Aspid. flux
31)5 3.33
Osm. spicant
Pteris aquilina. . 1935 478
1910 O'48
Eq. arvense
Eq. Telmateia 81)1 01)3
12'84 51)4
Pinus abies
commune.
81)2 12'40
Sphag.
Ilex cassine
271)2 0'47

O:, Mn:,O
CaO MgO Fe
413 589 01)0 71)6 651 230 2"5:3
71)
74
1'5
1874 828 01)7 4'09 6'47 1-17 1255 230 31)4 1720 284 072 8163 1-81 1-42 tr.
5827 281 11)0
317 4.99 6-35
tr.
101)9 101)9 0'26 1-73

AIO, P05 SO:,
92'20 730 3'55
2(.(}5 536 41)0
- 20-0
08
256 5-40
1-716 1-29
515 177
2'79 1018
1-37
83
tr.
21)0 11)0
589 1-00 433
334 21)0

SO.,
131)1
131)4
22
438
531)0
43'65
41-73
701)4
12'55
411)9
1-32

Cl
313
41;
1472
582
6'20
026
559
21)0
121)9
060

Analysis 1 is by Ritthausen ; 2, Aderholt ; 3, A. Weinhoid ; 4, Struckmann ; 5, 6,
9, Malaguti & Durocher; 7, 8, E. Wittig; 10, Fl. Void 11, F. P. Venable.
In the analyses that have been made of hycopods, the amount of ash is 3'2 to 6 per
cent in weight of the dried plant; of Ferns, 275 to 756 per cent; of Equisetum arcense?
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1871 per cent; of Eq. Telmateia, 2(175 per cent; of Conifers, mostly less than 2 per
cent; of Fungi, 310 to 05 per cent; of Lichens, 114 to 17 per cent (the last in Clado
nia), but mostly between 114 and 43Q per cent. In Lycopodium dendroideum, Hawes,
in his analyses (p. 3(32), found 3'25 per cent of ash; in L. compiana(inn, 547 per cent,
and in Equiset win liyemale, 11 82 per cent.
Lycopodium c1anuecyparissus afforded Aderholt 5185 per cent of alumina ; or, when
without spores, 57 J6 per cent; while B itthausen obtained 301)7 alumina for this species,
and 37-87 for L. compianatum. In Lycopods the silica constitutes 10 to 14 per cent of
the ash. In the ash of Mosses have been found 8 to 2358 per cent of potash, 4 to 16 of
silica, 100 to 656 of phosphoric acid, 413 to 107 of magnesia. Among Ferns, the amount
of ash, so far as determined, varies from 5 to 8 p' cent.
The ash of Fungi affords 21 to 54 per cent of potash, 036 to 1i8 of soda, 1-27 to 8
of magnesia, 15 to 60 of phosphoric acid, and 0 to 154 of silica. Among Lichens, the
ash of Cladonia rangiferina contains 7084 per cent of silica; of other species, less, down
to O9 per cent.
Trapa natans, of bogs, in Europe, affords 13 to 25 per cent of ash; and 25 per cent
of this is oxide of iron (Fe203) with a little oxide of manganese. Of the ash of the fruit
scales, over 60 per cent is oxide of iron. The flex cassine of North Carolina (the leaves
of which produced the Black Drink of the Indians) afforded, from leaves collected in May
and dried, 575 per cent of ash, which is remarkable (No. 11, above) for the amount of
potash and magnesia. Another Holly afforded 11'39 of magnesia, and 1234 of lime.
Ash of bean straw (6 to 7 per cent of dried) affords 35 to 45 per cent of potash; of
buckwheat straw (6l5 per cent), 461) of potash; of oat straw (51 per cent), 22 per cent
of potash.
Soda is a prominent constituent in the ash of Sea-weeds (Fuel), analysis giving 1439
cent
of ash, and in this, 24 of soda, with 145 of potash. Scirpus (bulrush) afforded
per
86 per cent ash, and in it 103 per cent of soda with 07 of potash; and Juncus, 01)
of soda to 8613 of potash. The ash of beets contains 148 per cent of soda; of carrots,
221 per cent; but grasses generally 1 to 5 per cent of soda.
The amount of sulphur in the ash of grasses, straws, and woods is usually 1 to 25 per
cent; in that of Fucus, 18 per cent ; in that of common vegetables, 3 to (3 per cent. The
amount of chlorine in the ash of grasses is 3 to 55 per cent ; in that of vegetables, 3 to 11
percent; in that of Fucus, 10 per cent; in that of Juncus, 142 per cent; in that of woods,
usually less than 1 per cent. (These percentages are taken from tables in Johnson's How
Crops Grow, New York, 1887.)
KINDS OF ROCKS.
(1) General explanations. -Rocks are conveniently divided into two
general sections: (1) the Fragmental or Clastic, and (2) the Crystalline.
For the study of even the coarser kinds of rocks, the geological student should have
a pocket lens. In investigation, it will generally be necessary to supplement this with
a compound polariscope-microscope made especially for the study of rocks; but a thor
ough study of the elements of petrology is required for the satisfactory use of the latter
instrument.
FRAGMENTAL Rocics. -The fragmental rocks are those that have been
made out of fragments of older rocks. They are also called elastic rocks,
All the sand, gravel, stones, earth, mud, and.
from the Greek for to break.
clay of the world is worn or pulverized or decomposed rock. Each grain,

however small or large, may hence be spoken of as a fragment of preexist
The rocks of an age are mostly made out of the detritus (worn
ing rocks.
out rocks) of preceding time.
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To appreciate the nature and qualities of fragmental material, the student
should go to the hills where sand and gravel are (lug; to the sea-beaches
where the waves are at their grindiug and assorting work, or to the estuaries
where mud-flats and sand-flats have been made by their greater action; to

the river-valleys, where plunging streams are at their abrading and
destroy
ing work, or where quieter streams are bordered by terraces of sand, or
gravel, or loam, or clay. All is fragmental material; and all these results
of attrition and partial decomposition may be included under the four
divisions of (1) sand, (2) gravel (or a mixture of stones and sand), (3) earth
or mud (according as it is wet or not), and (4) clay. The last, the material
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of brick and pottery, is plastic when wet, and feels a little greasy. Mud of
the finest kind is usually more or less pure clay.
Fragmental deposits are made up of successive beds or layers; that is,
are stratified (using a term from the Latin stratum, a bed). They are also,
for the most part, sedimentary beds, the sand and earth deposited
by water
its
sediment;
and
hence
are
often
called .sediments.
The waters
being
they
that deposited the sediment and made the stratified accumulations were
mostly those of the ocean, or of rivers or lakes; and sea-border, fluvial, and
lacustrine formations are illustrations therefore of fragmental deposits.
CRYSTALLINE Rocics. - Nearly all substances crystallize on passing to
the solid state from a previous state of either fusion, solution, or vapor, and
The grains of a
many without fusion if subjected to long-continued heat.
massive crystalline rock are, in the main, or wholly, imperfect crystals. They
are generally angular in form; and when so, it is usually because of the
cleavages of the constituent mineral grains. Being crowded together, they

very seldom have the external planes of crystals. Granite and crystalline
limestone (or ordinary white marble) are examples.
In crystalline lime
stone, all the grains are angular and glisten, owing to the cleavage-surfaces.
In granite, those of two of the constituent minerals show sparkling cleavage
surfaces, but the third, quartz, is without cleavage. When the grains are
distinctly visible without a glass, the texture is described as macroscopic; if

undistinguishable, the texture is microscopic, or aphanitic.
Crystalline rocks are, to a large extent, igneous or eruptive rocks; that is,
they have become crystalline masses from a state of fusion, as, for example,
lavas and the many kinds of igneous rocks.
Others have become crystalline
by heat without fusion, with or without attending change in composition; for
example, a massive limestone has thus been changed by simply long-continued
heat to a crystalline limestone or marble, granitic sandstone to
granite or
and
so
on.
Such
rocks
are called metamorphic rocks. Fragmental
gneiss,
rocks have been thus metamorphosed on a large scale during times of inoun

tam-making.
Metamorphic rocks have sometimes been subjected to a second
partial or complete metamorphism, and igneous rocks occur altered in like
manner. Crystalline rocks are usually mere mixtures, like the
fragmental,
as they consist of one, two, or more minerals in various
If of
proportions.
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more than one, the prominent distinctions are usually based on the two most
characteristic; and the others are considered as accessory minerals, and are
made to distinguish varieties.
The following are distinctions among crystalline rocks, based on texture
and structure: -

Granitoid. - Granular-crystalline, like ordinary granite.
2. Micro-gran (tic. - Like granite, but very fine in grain.
3. Micro-crystalline. - Compact, and so fine in texture as barely to glisten
over a surface of fracture.
1.

4.
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Porphyritic. -Having one of the minerals of the rock in distinct
The original porphyry of geology included a red por
crystals (Fig. 58).
phyry (from Egypt), a compact red rock, finely
spotted with pale feldspar (orthoclase) crystals;
and a green porphyry - the Oriental verd-antique
-with rather large crystals of whitish labradorite,
from western Greece
The rocks, although alike
in being porphyritic, are not of the same species,
but are porphyritic varieties of different species, as
described beyond.
The mineral in crystals in a porphyritic rock
may be any feldspar, or it may be augite, leucite, quartz, or some other
species; and whatever the mineral, the crystals are called plienoci'ysts, from
the Greek for "visible crystals," a term proposed by J. P. I(iclings. The kind
of mineral is indicated by the terms orthopliyric, if orthoclase; labradophyric,
if labradorite; augitophyric, if augite; leucitophyric, if leucite; quartzophyric,
if quartz; spherophyric, if containing spherical concretions, etc.

5. Foliated. - Having the cleavage-structure of slate, as in extreme cases
of foliation; or having an arrangement of the minerals, especially of any
foliated mineral like mica, approximately in planes, so that the rock has
the appearance of being stratified, and often breaks easily into slates or
sheets.

The slaty, and all schistose, structure, to the faintest, is here in
cluded. The planes of foliation are either pressure-made planes, or corre
spond to planes of bedding or stratification.
Fluidal. - In igneous rocks, having the material of the rock or of
portions of it in parallel lines or bands and, looking as if due to the flow of
the rock while melted.
6.

7. Glass?,, glass-bearing. - Melted rocks, when cooled rapidly, often
become glass at surface instead of rock; and in some cases all gradations
occur in the mass of an igneous rock between glass with microscopic stony
points, or microlites, and stone with microscopic glassy particles. Lavas
have usually particles in a glassy state among the stony particles, which a
microscopic study of the rock will detect.

STRUCTURAL GEOLOGY.

78

8. Vesicular. - Having small cavities in the rock (igneous), made usually
by steam, as in many lavas.
Scoriaceous. - Having vesicles in so great abundance that they make
the chief part of the mass like much furnace slag, as a scoriaceous lava,.
9.

- Having the vesicles
Amygdaiotdal (from amjqdaium, an. almond).
(which are often almond-shaped) filled with minerals foreign to the rock,
such as quartz, calcite, and the zeolites. Trap, or doleryte, and related basic
eruptive rocks are often a'inygdaioklul.
10.

The following are other terms used in describing either fragmental or crystalline
rocks: Quartzose. - Consisting of quartz; containing much quartz.
Calcareous. - Consisting of limestone (calcite) ; containing much calcite.
Ferruyinous. - Containing much iron oxide.
Argillaceous (from argilla, clay). -Made of more or less hardened clay or fine mud;
containing clayey material.
Pyritiferous. - Containing pyrite.
Graattic. - Made of granite sand, or gravel.
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- The kinds of rocks are described under the
(2) Descriptions of rocks.
heads of LIMESTONES, or CALCAREOUS ROCKS.
FRAGMENTAL ROCKS, NOT CALCAREOUS.
CRYSTALLINE ROCKS, EXCLUSIVE OF LIMESTONES.
In the names of rocks, the termination ite is here changed to yte, as done in the
author's System of Mineralogy (1868), in order to distinguish them from the names
of minerals. Granite is excepted.
LIMESTONES, NOT CRYSTALLINE.
MASSIVE LIMESTONE.
Compact imcrystalline ; color whitish, (lull gray, bluish gray,
brownish, and black. Texture compact to earthy, sometimes semi-crystalline. Consists
essentially of calcite or calcium carbonate (page 68), but is often impure with clay or
sand.
Most limestones are of organic origin. A dark or black color is usually owing to
some carbonaceous material present, derived from the decomposition of the plants or
animals of the waters in which they were formed. When burnt, limestone (Ca().10) becomes
quicklime (CaO), through loss of carbonic acid (CO,) ; and, at the same time, all
carbonaceous materials are burnt out, and the color, when it is owing solely to these,
becomes white. A limestone made of pebbles of limestone is called a limestone conglom
erate, as that of the Potomac.
MAGNESIAN LIMESTONE, DOLOMYTE (page 68). -Calcium-magnesium carbonate. Not
distinguishable in color or texture from ordinary limestone. Much of the common lime
stone of the United States is magnesian. While some of the magnesian limestone is true
dolomite (or has the calcium and magnesium in the atomic proportion 1: 1), much is a
mixture of calcite and dolomite.
In some limestones the fossils are magnesian, while the rock is common limestone.
Thus, an orthoceras in the Trenton limestone of Bytown, Canada (which is not mag
nesian), afforded T. S. Hunt calcium carbonate 5OOO, magnesium carbonate 378O, iron
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carbonate 51)5 = 0975. The pale yellow veins in the Italian black marble, called
Egyptian marble,'' are dolomite, according to Hunt.
HYDRAULIC LIMESTONE. - A limestone containing 20 to 30 per cent of clay, and
affording a quicklime, the cement front which will '' set '' under water. It is often mag
nesian. An analysis of a, kind from 1ondout, N. Y., afforded carbonic acid 3420, lime 2550,
magnesia Ii5, silica 11r37, alumina 913, sesquioxide of iron 225. in making ordinary
mortar, quartz sand is mixed with pure quicklime and water, and the chemical combina
tion is mainly that between the water and lime, together with an absorption subsequently
of carbonic acid. Evaporation to dryness is necessary to hardening. With '' hydraulic
cement,'' silica and alumma (that of the clay) are disseminated through the lime, and
hence these ingredients enter into chemical union with the lime and water, and make a
iriuch firmer cement., and one which '' sets '' under water. Portland cenent is made by
mixing 70 per cent of chalk with 30 of fine mud from the Thames.
OöLYTE. - Limestone, either magnesian or not, consisting of minute concretionary
spherules ; looks like the petrified roe of fish, and hence the nanie, from the Greek s36v,
e crtr
ChALK. -A white, earthy limestone, easily leaving a trace on a board.
the same as that of ordinary limestone.
Composi-tion,
MARL. - A clay containing a large proportion of carbonate of lime - sometimes 40
to 50 per cent. If the marl consists largely of shells or fragments of shells, it is called
shell-marl. Marl is used as a fertilizer; and beds of clay or sand that can be so used are
often in a popular way called marl.
SHELL LIMESTONE, CORAL LIMESTONE. - A rock made out. of shells or corals.
TRAVERTINE. - A massive limestone, formed by deposition from calcareous waters,
and largely through the agency of fresh-water Alg, as at the Yellowstone Park (W. Ii.
Weed). But part is a deposit from solution. The rock abounds on the river Anio, near
Tivoli, and St. Peter's, at Rome, is constructed of it. The name is a corruption of
l'iburtine.
CRYSTALLINE LIMESTONE.
STALAGMITE, STALACTITE, Din rs'ro E. - I)epositions from waters trickling through
the roofs of limestone caverns form calcareous cones and cylinders pendent from the
roofs, which are called stal ctites, and incrustatiuns on the floors, which are called
stalwjmite, and sometimes also Elripstone. The waters, filtering down from the overlying
soil, contain a little carbonic acid or some organic acid, and are thus enabled to dissolve
the limestone, which is deposited again on evaporation. The layers of successive deposi
tion are usually distinct, giving the material a banded appearance.
GhLtNITLIt LuilsrosI, CAL( YrE (statuary marble).-Limestone having a crystalline granular texture, white to gray color, often clouded with other colors from impurities.
It is a metamorphic rock. Its impurities are often mica or tale, trenwilte, white or gray
pyroxene or scapolite ; sometimes serpentine, through combination with which it passes
into ophiolyte (p. 89); occasionally elwndrodite, apatite, corn iidum.
Varieties. -a. Statnar!, i!arble ; pure white and fine grained.
h. Ornamental
and Architectural Marble ; coarse or fine, white, and mottled of various colors, and, when
good, free not only from iron in the form of pyrite, but also from iron or manganese ill
the state of carbonate with the calcium, and also from all accessory minerals, even those
not liable to alteration, and especially those of greater hardness than the marble, which
would interfere with the polishing.
C. Verd-antique, or ophiolyte.
d. Mieaceons.
e. Tremolitic; contains bladed crystallizations of the white variety of hornblende called
tremolite. f. Graphitic; contains graphite in iron-gray scales disseminated through it..
g. Chlorieic; contains disseminated scales of chlorite. h. (ihondroditie; contains dis
seminated chondrodite in large or small yellow to brown grains.
I)oLotYTE. -Not distinguishable by the eye from granular limestone. The dolo-
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myte, which is calcitic (a mixture of calcite and dolomite), is apt to crumble from
weathering, because the calcite is the most soluble, and becomes removed by filtrating
waters.
As the kinds of fragmental materials which the rocks afford over the earth are either
sand, gravel, earth, or mud, and clay, the kinds of fragmental rocks are few.
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FRAGMENTAL ROCKS, NOT CA LCA IiEOUS.
CoNGr.0MERATE. -A consolidated gravel-bed, consisting of a mixture of pebbles, or
fragments of rocks, and finer material, a. If the pebbles are rounded, it is called puddinqstone; b. if angular, breccia. Conglomerates are named, according to their constituents,
siliceous or qua rtzose, gra nil (C, caicareons.
GRIT, GRIT-ROCK. - A hard, gritty rock, consisting of coarse quartz sand and small
pebbles; called also millstone grit, because used sometimes for millstones.
SANDSTONE. - A rock made of sand ; a consolidated sand-bed. There are siliceous,
granitic, micaeeous, feidspathic, calcareoas sandstones, according to the character of the
material. They are thick-bedded or thin-bedded, according to the thickness of the beds
laminated when divisible into lamime or slabs ; shaly when splitting into thin pieces or
sheets like shale or an imperfect slate. There are also compact, friable, argillaceous,
gritty, ferruqinous, concretionary, massive, flexible, and other kinds. Grindstones are
made of an even-grained, rather friable sandstone. Hard, siliceous sandstones, grit, and
conglomerate, in regions of metamorphic rocks, are called quartzyte (page 82). The
Arkansas iVoraculite, or whetstone, is an exceedingly fine-grained sandstone
microscopi-cally
porous through the loss by infiltrating waters of disseminated calcareous particles
(L. S. Griswold).
SAND-ROCK. -A rock made of sand of any kind, especially if not siliceous or granitic.
A calcareous sand-rock is one made of calcareous sand, as pulverized corals or shells.
ShALE. - Consolidated mud or clay ; a soft, fragile, slaty, argillaceous rock. Shales
are gray to black in color, and sometimes dull greenish, purplish, reddish.
Varieties.-a. Carbonaceous shale; black and impregnated with coaly material,
yielding mineral oil or related bituminous matters when heated (Brandschiefer in German).
b. Alum shale ; impregnated with alum or pyrites, usually a crumbling rock. The alum
proceeds from the alteration of pyrite, or an allied iron sulphide, in the rock.
ARGILLYTE, or Clay-slate (Phyllyte). -A slaty rock, like shale, but differing in
breaking usually into thin and even slates or slabs. Roofing and writing slates are exam
ples. It Is sometimes thick-laminated. Moreover, unlike shale, it occurs in regions of
metamorphic rocks, and often graduates into hydroinica and mica schists. It graduates
often into hard, thick-layered sandy beds, which used to be called gray wacke.
TIJFA. - Consists of comminuted volcanic sand and small fragments of lavas, more
or less altered. Usually of a gray, yellowish brown, or brown color, sometimes red. The
tufa made from those igneous rocks that contain pyroxene is usually yellowish brown ot.
brown in color (sometimes red) (often called war/ce) ; and that made from the feldspathie
igneous rocks, trachyte, pumice, and the like, is of an ash-gray color, or of other light
iiice volcanic ashes are often very
shades. The finer deposits are often called ash-beds.
widely distributed by the winds, they make deposits beyond the limits of the volcano,
over the land, or lakes, or the sea-bottom; and sometimes the deposits have great thick
ness. Pozziwlana is a light-colored tufa, found in Italy, near Rome, and elsewhere, and
used for making hydraulic cement. Volcanic sand, or peperino, is sand of volcanic origin,
either the "cinders" or "ashes" (comminuted lava) formed by the process of ejection,
or lava rocks otherwise comminuted.
CLAY.-Soft, impalpable, more or less plastic material, chiefly aluminous in com
position, white, gray, yellow, red to brown and black in color.
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Varieties. - a. Kaolin; purest unctuous clay, white, and when impure, of other
colors. The white is used for making porcelain by mixing with pulverized feldspar and
quartz, also for giving weight and body to writing-paper. b. Potter's clay; plastic, free
from iron, and therefore good for white pottery ; mostly unctuous; usually containing
some free silica. c. Ferruginous, Brick-clay; containing iron in the state of oxide or
carbonate, and consequently burning red, as in making red brick; generally in thin layers,
which are alternately good clay and fine sand. d. Containing iron in the state of a
silicate, and then failing to turn red on being burnt, as the clay of which the Milwaukee
brick are made. e. Alkaline and Vitrifiable; containing 2'S to 5 per cent of potash or
potash and soda, owing to the presence of undecomposecl feldspar, and then not refrac
tory enough for pottery or fire-brick. f. Marly; containing some calcium carbonate.
g. Carbonaceous, Black, Ampelite; from the presence of lignitic or coaly material.
h. Alum-bearing; containing aluminous sulphates, owing to the decomposition of iron
sulphides present.
Reek-/tour is rock pulverized to extreme fineness, so as often to resemble clay although
containing very little of it. Feldspar in this fine state is present in much clay. Some
rock-flour consists mainly of pulverized quartz.
ALLUVIUM, SILT, Lass.
Alluvium is the earthy deposit made by running streams
or lakes, especially during times of flood. It constitutes the fiats adjoining, and is usually
in thin layers, varying in fineness or coarseness, being the result of successive depositions.
Silt is the same material deposited in bays or harbors, where it forms the muddy bottoms
and shores. Lafss is an earthy deposit, coarse or fine, following the courses of valleys, like
alluvium, but without division into thin layers ; fertile ordinarily from the amount of vege
table matter present, and containing also land or fresh-water shells.
Detritus (from the Latin for worn) is a general term applied to earth, sand, alluvium,
silt, gravel, because the material is derived, to a great extent, from the wear of rocks
through decomposing agencies, mutual attrition in running water, and other methods.
Soil is earthy material, mixed with the results of vegetable and animal decomposition,
whence it gets its dark color and also a chief part of its fertility.
Till. - Unstratified or imperfectly stratified deposits of bowlclers, gravel, and clay,
derived from a continental glacier. Also called bowliler clay. Usually firmly compacted,
owing to the presence of clay or rock-flour when not properly consolidated.
'rRIm'oLYTE (Infusorial Earth). - Resembles clay or chalk, but is a little harsh between the fingers, and scratches glass when rubbed on it. Consists chiefly of siliceous
shells of Diatoms. Forms thick deposits, and is often found in swamps beneath the
peat (see page 153). Occurs sometimes slaty, as at Bilin, Prussia; and also hard, from
consolidation through infiltrating waters. Consists of silica in the opal or soluble state.
CRYSTALLINE ROCKS.
The descriptions of crystalline rocks are arranged under the following
heads I. SILICEOUS ROCKS, OR THOSE CONSISTING MAINLY OF SILICA.
II. ROCKS HAYING AS A CHIEF CONSTITUENT ONE OR MORE OF THE ALKALI-BEARING
MINERALS, FELDSPAR, MICA, LEuCITE, NEPHELITE, SODALITE.-In the first three of the
following subdivisions, potash-feldspar is present as a distinctive feature; in 4, leucite
also contains a potash-bearing mineral; in 5 and 6 a soda-lime or a lime feldspar is
characteristic.
1. Potash-Feldspar and Mica Series.
2. Potash-Feldspar and Ilornblende or Pyroxene Series.
3. Potash-Feldspar and Nephelite Rocks, Horublendic or not.
4. Leucite Rocks, Pyroxenic or not.
5. Soda-lime-Feldspar and Mica Series.
DANA'S MANUAL-G
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6. Soda-lime-Feldspar Series, with or without Hornblende or Pyroxene, - the feldspar
a triclinic species of the series from albite to anorthite.
III. SAUSSURITE nocis. - Alkali (soda) bearing, but containing saussurite in place
of a feldspar.
IV. WITHOUT FELDSPAR, OR WITh VERY LITTLE.
1. Garnet, Epidote, and Tourmaline Rocks.
2. Hornblende, Pyroxene, and Chrysolite Rocks.
V. HYDROUS MAGNESIAN AND ALUMINOUS ROCKS.
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I.

Siliceous Rocks.

QUARTZYTE, GRANULAR QUARTZ. -A siliceous sandstone, usually very firm, occurring
in regions of metamorphic rocks. It does not differ essentially from the harder siliceous
sandstones of other regions. Conglomerate beds are sonietimnes included.
Varieties. -,%. Massive. b. &liistose. c. JIicaeeous ('' (lreiscn ''). ci. JJijdromjca
e. Feldspatliic, and Sometimes Porphsritic (then called by some, Arkose).
ceous.
f. Friable. g. Flexible (Itacolumyte). h. Anilalasitie. i. Ottrelitic.
j. Tourmalinie,
tourmaline.
k.
Gneissic,
it
into
containing
occasionally graduating
gneiss.
SILICEOUS SLATE (Fhtliun?/te).-Schistose, flinty, not distinctly granular in texture.
Sometimes passes into mica or hydromica schist.
CHEItT. -An impure flint or hornstone occurring in beds or nodules in some stratified
rocks. It often resembles felsyte, but is infusible. Colors various. Sometimes oölitic.
Kinds containing iron oxide graduate into jasper and clay-ironstone.
JASPER Rocic -Dull red, yellow, brown, or green, or of some other dark shade,
breaking with a smooth surface like flint. Consists of quartz, with more or less clay and
oxide of iron. The red contains the oxide of iron in an anhydrous state, the yellow in a
hydrous; on heating the latter, it turns red.
BUURSTONE. - A cellular siliceous rock, flinty in texture. Used for millstones.
Found mostly in connection with Tertiary rocks, and formed apparently from the action
of siliceous solutions removing fossils and so making the cavities. The best is from near
Paris, France.
FIORYTE (Siliceous Sinter, Pearl Sinter, G'eyserfte). -Opal-silica, in compact, porous,
or concretionary forms, often pearly in luster; made by deposition from hot siliceous
waters, as about geysers (geyserite), or through the decomposition of siliceous minerals,
especially about the fumaroles of volcanic regions. Geyserite is abundant in Yellowstone
Park, about the Iceland geysers, and in the New Zealand geyser region.
II. Rocks having Alkali-bearing Minerals as Chief Constituents.
1.

The Potash-feldspar and Mica Series.

GRANITE. -Metamorphic and eruptive. Consists of feldspar, mica, and quartz; has
no appearance of layers in the arrangement of the mica or other ingredients. The
quartz usually grayish or smoky, glassy, and without any appearance of cleavage. Time
feldspar commonly whitish or flesh-colored, less glassy than the quartz, and cleavable in
two directions; the mica in very cleavable scales.
Metamorphic granite is common in Connecticut and other parts of New England,
where it may be often seen graduating into gneiss, or in alternating layers with it.
Varieties. -There are, A, Muscovite-granites; B, Muscovite and Biot.ite granites;
C, Biotite-granites; D, Hydromica granite. The most of the following varieties occur
under each except the horublendic, which is usually a Biotite or Muscovite and Biotite
granite. a. Common or ordinary granite. Color, grayish or flesh-colored, according as
the feldspar is white or reddish, and dark gray when much black mica is present.
Varies in texture from fine and even to coarse; sometimes the mica, feldspar, and quartz
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-especially the two former- in large crystalline masses. b. Porphyritie; has the orthoclase in defined crystals, and may be (a) small-porphyritic, or (p) large-porphyritic, and.
have the base ') coarse granular, or (5) fine, and even subapha.nitic.
. Albitic; contains some albite, which is usually white. d. Oliqoelase granite (Miarolyte); contains
e. Microciine granite; contains the potash triclinic feldspar, microcline.
oligoclase.
f. Hornblendic; contains black or greenish black hornblende, along with the other con
stituents of granite. g. Black mcaceous granite; consists largely of mica, with defined
crystals of feldspar (porphyritic), and but little quartz.
11. Uliloritic. i. Zirconitic.
. bUtte. k. Spherophyrie or glob uliferous; contains concretions which consist of mica,
or of feldspar and mica. 1. Oneissoid; a granite in which there are traces of stratification
graduates into gneiss.
GRANULYTE (Leptynyte). - Metamorphic and eruptive. Like granite, but containing
no mica, or only traces.
Varieties. -a. Common granulyte ; white and usually fine granular.
b. Flesh
colored; usually coarsely crystalline, granular, and flesh-colored.
c. Garnetferous.
d. Hornbiendic; containing a little hornblende - a variety that graduates into syenyte.
e. Maqnetitic; containing disseminated grains of magnetite. f. Graphic; quartzophyric
(Pegmatyte), the quartz looking like Persian cuneiform characters over the cleavage
surface of the feldspar; sometimes coarse crystallizations of mica.
GNEIs5. - Metamorphic; may be also altered eruptive. Like granite in constituents,
but with the mica and other ingredients more or less distinctly in layers, gneiss and
granite being closely related rocks. Gneiss breaks most readily in the direction of the
mica layers, and thus affords slabs, or is schistose in structure.
Varieties. - Most of them are similar to those under granite,
a. Granitoid.
b. Strongly schistose and micaceous. c. Muscovite gneiss; not common. d. Muscovitebiotite gneiss.
e. Biotite gneiss. f. Albitie. g. Oligoelase-bearing. h. Hornblendic.
i. Epiclotic. j. Garnetiferous. k. Andalusitie, or containing andalusite in disseminated
crystals. 1. Gyanitic ; contains cyatlite. 111. Fibrolitic. n. Quartzose; the quartz largely
in excess. o. Quartzytic; consists largely of quartz in grains, and intermediate between
quart.zyte and gneiss. p. Porphyritic. q. Spherophyric. r. Quartzophyric; containing
quartz in defined crystals in a fine-grained base.
Some gneiss is very little schistose, being in thick, heavy beds, granite-like, while
other kinds, especially those containing much mica, are thin-bedded, and very schistose;
the latter graduate into mica schist.
GRE ISEN (Hjalomicte). - A micaceous quartz-rock, at Zinnwald, where it sometimes
contains tin ore.
PROTOGINE, PROTOGINE GNEISS. - Granite or gneiss-hike, but containing some hydro
mica, or chlorite, or both.
MINETTE, ORTUOLYTE. -A fine-grained rock consisting of mica and orthoclase with
out quartz (mica-syenyte). The Vosges, France.
MICA ScmsT. - Metamorphic. Mica, with usually much quartz, some feldspar. On
account of the mica usually thin schistose. Either or both muscovite and biotite present,
and the latter (black mica) commonly much the most abundant. Colors silvery to black,
according to the mica present. Often crumbles easily, and roadsides sometimes spangled
with the scales.
Varieties.-a. Ordinary.
b. Gneissoid; between mica schist and gneiss, and
containing much feldspar, the two rocks shading into one another. c. Hornblendic.
d. Garnetiferous. e. Staurolitic. f. (Jqanitic. g. Andalusitic. h. FibroUtic; containing
fibrolite. i. Tourinalinic. j. Ottreli(.ic. k. Calcareous, limestone occurring in it in occa
sional beds or masses. I. Graph We or Piumbaqinous; the graphite being either in scales,
or impregnating generally the schist. m. Quartzose; contains much quartz. n. Quartzytic;
a quartzyte with more or less mica, rendering it schistose. o. Specular, or Itabyryte; con
taining much hematite or specular iron in bright metallic lamell or scales.
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IIY1)RoMIc. SCIrIST Ott SLATE.-Metamorphic. Thin schistose, consisting either
chiefly of hydrous mica, or of this mica with more or less quartz ; having the surface
nearly smooth ; feeling greasy to the lingers ; pearly to faintly glistening in luster;
whitish, grayish, pale greenish in color, and also of darker shades. This rock used to be
called talcose slate, but, as first shown by C. 1)ewey, it contains no talc. It includes
parophite schist, damouritc slate, and seriefte slate (glanz-sehieier, serieit-sehiefer, and
part of the qlini,ner-srhieièr of the Germans).
b. Cliloritie ; contains
Varieties. -. a. Ordinary ; more or less silvery in luster.
chlorite, or is mixed with chlorite slate, and has therefore spots of olive-green color;
graduates into chlorite slate. c. Garnet iferous. d. 1yriti1erous ; contains pyrite in dissemi
nated grains or crystals. e. Magnet itic ; contains disseminated magnetite. f. Quart:jtic ;
consists largely of quartzyte, or is a quartzyte rendered schistose and partly pearly by the
presence of a hydrous mica. Includes the argillyte or clay-slate which has the composi
tion nearly of a hydrous mica, like that of the White Mountain Notch, where much
of it is andalusitic.
AGALMATOLYTE (Gieseckite, Pinife). - Compact ; cut with a knife ; composition that
of the hydrous mica, damourite. Derived mostly from the alteration of nephelite.
From the Archan of Lewis County, N.Y. (Dysint.rybyte), China, etc.
Consists largely of the hydrous soda mica
PARAGONITE SCHIST. - Metamorphic.
called paragonite ; but in other characters resembles Itydroutica slate.
Fu LSYTE (Euryte, Porphyry, Petrosiie.i). - Eruptive and metamorphic. Compact
orthoclase with often some quartz intimately mixed, flint-like in fracture. ( )paque.
Colors grayish white to red and brownish red. G' = 2-56-2-7.
Varieties. - a. Non-porphyritie ; of various colors. li. Black; rare. C. Pv'rphyritie
Felsyte, or Porphyry, Or(hophyrie ; containing the feldspar in small crystals distributed
through the compact base ; color red, and of other shades. d. Quartzoph!,rie ; containing
quartz in grains ; often called Quartz-porphyry. v. Qnarzless. f. Splierophyrec, the
Pyromcride of Corsica.
Baked clay, having the
PORCELANYTE OR PORCELAIN JASPER.-Metamorphic.
fracture of flint, and a gray to red color: it is somewhat fusible before the blowpipe, and
thus differs from jasper. Formed by the baking of clay-beds, when they consist largely
of feldspar. Such clay-beds are sometimes baked to a distance of thirty or forty rods
from a trap dike, and over large surfaces, by burning coal-beds.
MICA -TRAcIIYTE. - Eruptive. Consisting of ortlioclase and black mica, with some
orthoclase augite, chrysolite, and glass. Dark grayish green. Mount Cat.ini.
TR.tcn YTE (San.idin-trachyte). - Eruptive. Ash-gray, brownish, bluish, rarely red
dish. G = 2tJ-2 7. Consists mainly of orthoclase, often with disseminated crystals of
the glassy tabular variety called sanidin. Named from the Greek for roiuh, in allusion
to the rough surface of fracture. Differs from felsyte in containing some glass, and a
rougher surface. Graduates into the following.
Like the preceding in colors, but conRIIYOLYTE, QUARTZ-TRACIIYTE. - Eruptive.
and
sometimes
into
a
coarsely crystallized variety called Necadyte
taining quartz,
passing
Common
in
the Rocky Mountain region and west of it. Pearlyte and
(from Nevada).
Lithoidyte are more or less glassy varieties - between glass and stone ; and pit.clst.omte is
another similar variety, pitch-like in luster. These graduate into the following.
Onsmni.s ( Volcanic glass). - Eruptive. A true volcanic glass, but more or less
microlitic. Colors grayish black, gray, purplish to red, brown. Sometimes orthuphyri'
often contains spherulites, which are 70-75 per cent silica. Pumice is a scoriaceous
variety with linear cells. Constitutes a high bluff in the northwest part of the Yellowstone
Park, north of Beaver Lake, which has a top of pumice, and also a large area east of the
bluff; cavities in Obsidian bluff often lined with crystals of sanidiu, tridymite, quartz, and
sometimes of fayalite.
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Potash-.feldspar and Hornblende or Pyroxene Series.
SYENYTE (Syenite of Werner). - Eruptive, metamorphic; granite-like, coarse to fine.
Consists of orthoclase, with often microcline and
Gray to flesh-red and dark gray.
hornblende and little or no quartz; biotite and oligoclase often present.
G = 27-29.
From Planen-Grund, Saxony, etc. Nearly all American syenyte is
quartz-syenyte.
QUARTZ-Sr ENYTE (syenite of most early geologists, hornblende-granite, syenite-granite).
-Eruptive and metamorphic. Like syenyte, but containing quartz. Silica 70 to 80 per
cent. The name syenite is from Syene in Egypt, where a red granite graduating into
quartz-syenyte occurs, and is the material used by
lining of obelisks, etc.
SIENYTE-GNEISS.- Metamorphic, eruptive. Like gneiss in aspect and schistose struc
ture, and also in constitution, except that hornblende replaces mica. Common hi Archan
regions, as the New Jersey Highlands, the Adirondacks, etc. Graduates into Hornblende
schist, a schistose rock consisting chiefly of hornblende.
AUGITE-SYENYTE.-.--Eruptive. Like syenyte, but containing, with the orthoclase,
pyroxene in place of hornblende. A kind free from quartz occurs at Jackson, N.H.; in
southern Norway. Monzonyte is stated to be a variety of augite-syenyte.
AUGITE-QUARTZ-SYENYTE (Augite-granite). - Metamorphic; igneous. Like the pre
ceding, but containing quartz; the augite in part altered to hornblende, and thence in all
stages of gradation down to a hornblende-syenyte. The gneissic variety is common in
Wisconsin, much more so than the granitoid.
UNAKYTE. - A flesh-colored, granitoid rock consisting of orthoclase, quartz, and epi
dote. From the Unaka Mountains, Madison County, N.C., and Cooke County, E. Tenn.
3.

Potash-feldspar and Nephelite Rocks, Ilornbiendic or not.
ZIRCON-STENYTE. -Like syenyte. A crystalline granular rock consisting of ortho
clase, microcline, eholite, little hornblende, crystals of zircon; often also sodalite, gyrite,
euclialyte, etc. From Norway ; Marblehead Peninsula, Mass., containing sodalite.
FOYAYTE. - Eruptive. Coarse, crystalline granular to aphanitic. Consists of ortho
clase, nephelite, hornblende, or egyrite, with often sodalite, etc. From Mounts Foya and
Picota in Portugal, making a dike; on eastern slope of Blue Mountain, New Jersey,
between Beemersville and Libertyville.
MIASCYTE. - (liranitoid to schistose. Consists of microcline, eheolite, biotite, with
some quartz; often also zircon, monazite, sodalite, cancrinite, etc. From Miask, Ilmen
Mountains ; Pic Island, Lake Superior; Litchfield, Maine.
DrrRovTE.-Coarse to fine-grained.
Consists of microcline, nephelite (eheolite),
and sodalite. From l)itro, Transylvania.
I'IIONOLYTE (Clinkstone). -Eruptive. Compact, more or less slaty in structure.
Gray, grayish blue, brownish. Usually clinking under the hammer like metal when struck
24-27. Consists of glassy orthoclase, with nephelite and
(and thence the name). G
some hornblende. In Colorado, Auvergne, Breisgau, Bohemia.
Leucite Rocks, with or without Auqite.
Usually some sanidin (orthoclase) is present, and often also nephelite aiid labradorite.
AMPIJIGENYTE (Lencitophyre). -Eruptive. Contains augite, like cloleryte, but leucite
(called sometimes aniphigene) replaces the feldspar. Often contains chrysolite, nephelite,
sanidin, labradorite, brown mica, with sodalite, etc. Dark gray, fine-grained, and more
or less cellular to scoriaceous. G 25-29. The leucite is disseminated in grains or in
24-faced crystals. Constitutes the lavas of Vesuvius and some other regions.
LEUCOTEI'lIRYTE. - Eruptive. Like the above, and occurring in the same regions,
but contain lug much labradori te.
4.

STRUCTURAL GEOLOGY.

86

LEUCITYTE. -Eruptive. Consists chiefly of leucite, with a very little augite and
some biotite. Color, greenish gray. From Point of Rocks, Wyoming.
Soda-iiniefeldspar and Mica Rocks.
KERSANTYTE (Mica-dioryte, Mica-porphyryte, Soda-granite). - Granite-like to fine
grained. Grayish to brown and grayish black. Consists chiefly of oligoclase and biotite,
with usually some hornblende, orthoclase, magnetite, apatite. Graduates into dioryte.
Occurs granitoid at Stony Point, on the west side of the Hudson River, and near Crugers,
nearly opposite; in the Vosges.
5.

Soda-lime-feldspar and Hornblende or P?,roxene Rocks.
These basic rocks vary in the kind of feldspar present ; in texture, from coarse
granite-like to aphanitie and scoriaceous, even in the same kind of rock; in composition,
through alteration of the pyroxene, in many cases, to hornblende, making them horn
blende rocks; and also in the alteration, in many cases, of the pryoxeue and chrysolite,
when these are present, to serpentine. The dark-colored igneous kinds are conveniently
called trap.
DI0ItYTE, QUARTZ-DIORYTE (Greenstone in part). - Metamorphic and eruptive. Typi
cal dioryte, consisting chiefly of oligoclase and hornblende, with often some orthoclase
and biotite. Colors, gray, (lark gray, grayish black, green, greenish black, and also red.
Chlorite usually present, and sometimes epidote, in green varieties. Often contains dis
seminated quartz. No glass is present. Varies in texture from granite-like to aphanitic.
In the coarse granite-like dioryte of Crugers the crystals of hornblende are sometimes 4
inches long. G = 2 60-3.
A compact aphanitic kind, of a red color, is the typical red porphyry, or Rosso antico
(porpliyryte), of Egypt. That of Crugers graduates into kersantyte, by loss of hornblende
and increase of biot.ite. Dioryte Schist is a metamorphic, slaty rock, having the compo
sition essentially of dioryte.
AUGITE-moaYTE.-Eruptive. Consists of augite and oligoclase with little horn
blende. Augite often more or less changed to hornblende, making a hornblende-dioryte
or the above-described dioryte. No glass. Colors, dark gray to greenish black and
black.
A fine-grained rock between Peekskill and Crugers, on the Hudson, consisting of
oligoclase and hypersthene, is essentially a 1,ypersthene-dioryte, although called noryte. The
hypersthene is often altered to hornblende, as ascertained by G. II. Williams. Ophyte, a
fine-grained greenish black rock of the Pyrenees, related to augite-dioryte in composition.
LARRADIOUYTE (Labradorite-dioryte, Met.adiabase, 1-lawes). -Metamorphic and erup
Consists of labradorite (or anorthite) and hornblende with some chlorite and
tive.
magnetite. A fine-grained, grayish green to greenish black and black rock, sometimes
porphyritic. No glass present. G = 28-31. Occurs west of New Haven, Conn., as a
part of the metamorphic chioritic hydromica schist of the region, evidently metamorphic.
G W. Hawes obtained in analyses (1876): Silica 482O, alumina 1412, iron sesquioxide
2, iron protoxide 7.41, manganese protoxide 124, lime 115O, magnesia 8111, soda
potash O23, titanic acid 158, water 22O = 9927. In the lJrals.
Consists of oligoclase or andesyte
ANDESYTE (Hornblende-andesyte). -Eruptive.
and hornblende, with often some orthoclase and biotite. Dark or light green to gray,
sometimes purplish. Has the aspect mostly of trachyte, but varies from granitoid to
scoriaceous and glassy, even in the same eruptive mass, at Washoe, as ascertained by
Hague and Idclings.
DACYTE (Quartz-andesifle). -Eruptive. Like the above, but contains disseminated
or
quartz, and often much of it. Graduates into the orthoclase rock, quartz_tracbyte
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rhyolyte. From Eureka, Nev., and other parts of the Rocky Mountain region; also from
the Andes of Cotopaxi, Chimborazo, etc.
Propylyte is altered andesyte.
AUGITE-ANnESYTE. -Eruptive. Like andesyte, but containing augite in place of
hornblende, or in part hypersthenic; augite or hypersthene often altered to hornblende,
Texture, crystalline-granular to aphanitic and fluidal and glassy.
often chrysolitic.
Reported from the Great Basin. A chrysolitic variety is one of the rocks that have been
called melaphyre.
HYPEESTLIENE-ANDESYTE. - Eruptive.
Like the preceding, but containing hyper
sthene in place of augite or hornblemle. Buffalo Peaks, Col.; Mount Shasta, etc.
HYPERYTE (R'ó'ryte in part, Ilypcrsehene-gabbro). -Consists chiefly of labradorite
or anorthite and hypersthene, with usually some pyroxene, biotite, and magnetite, and
sometimes chrysolitic. Occurs west and northwest of Baltimore, Md.; in the Hartz,
Norway, etc.
GABURO. -Eruptive, metamorphic, granitoid. Consisting, like the following, chiefly
of labradorite and pyroxene, the latter often a foliaceous (diallagic) variety ; some horn
blende often present, also magnetite and ilmenite; sometimes chrysolite, which is often
changed to serpentine. Color, dull grayish, flesh-red to brownish and gray. G=2-7-3-1,
least when the proportion of pyroxene is small. Quartz-qabbro, containing disseminated
quartz, occurs in northeastern Maryland and northern Delaware.
The name gabbro is of Italian origin; but it is used in Italy, as it has long been, for a
green serpentine rock. And gabbro-rosso is a red altered variety of the same.
DOLE RYTE (Trap). -Eruptive. Texture varying from granitoid to aphanitic and
glassy, scoriaceous and volcanic. Consists of labradorite and pyroxene, the latter some
times foliaceous. A kind found at Lassens Peak contains much quartz in disseminated
grains, and is a quartz-doleryte (Diller). G = 28-31. Color, dark gray to grayish black,
greenish black, and brownish to black. Structure frequently columnar, often chrysolitic.
Chrysolitic kind sometimes altered to impure serpentine.
Ordinary trap often altered
to a hydrous, chloritic trap, often also amygdaloidal, with feeble luster and of easy
Includes three sections: (1) Diabase, containing no glass in the base
decomposition.
and no chrysolite.
(2) Doleryte, containing glass in the base, but no chrysolite.
Basalt,
(3)
containing usually more or less glass, also chrysolite.
The trap of the Palisades, Connecticut River, and other parts of the Triassic of
eastern North America belongs here, and much of that of the copper region of Lake
Superior. There is a fine exhibition of columnar trap at Orange, N. J. (Fig. 221, page 262).
The name rnelaplzyre has sometimes been used for chioritic trap. Diabase-schist is a slaty
form of cliabase, probably metamorphic.
TACKYLYTE. - Eruptive. A black basalt-glass, found in connection with basalt lavas.
CAMPTONYTE. -Rock resembling diabase and doleryte. Consisting of hornblende
(as an original mineral of the rock) and probably anorthite, the analysis affording only
41 to 44 per cent of silica (Hawes, 1876; Kemp, 1889). From Campton Falls, N.H., and
near Whitehall, N.Y.
ETJCRYTE. -Eruptive. A doleryte-like rock, consisting chiefly of anorthite and augite,
with sometimes chrysolite. Granitoici to aphanitic, and as a lava. Elfdalen, Norway;
Puy de Dome, France; etc.
CORSYTE (Orbicular Dioryte). - Eruptive. Consists of anorthite and hornblende,
with some quartz and biotite. Contains large concretions consisting of anorthite and
hornblende, with some quartz. Corsica; the Shetlands, etc.
ANORTHITYTE (Anorthite Rock of Irving).-Eruptive. Crystalline granular. Con
sists largely of anorthite, or a feldspar near it in composition, and is of a light gray color
to white or faintly greenish. North shore of Lake Superior, between Split Rock River
and the Great Palisades, and in Cantons Peak, near the mouth of Temperance River.
NEPRELINYTE (Nepheline-doleryte, Tephryte). - Nephelite and augite, with some
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magnetite. A chrysolitic variety has been called iu'p1ulin c-basalt. Ash-gray to dark
Often contains leucite, hallynite, sanidin, etc. At. Katzenbückel ; Eifel, etc.
TEscuENyT1. - Consists chiefly of anorthite or labradorite, iieplielite, hornblende,
and augite. Felsitic in texture. The hornblende sometimes in large black prisms. Dark
bluish green. From Tesehen, Silesia.
III. Saussurite Rocks.
EUPnOTIDE (Gabbro in part). -Grayish white to grayish green or olive green, and very
A result of
tough. Consists of saussurite, with cliaUage or sniaragdite. G = 1)-34.
the alteration of a labradorite and pyroxene or other related feldspar-bearing rock, in
which the feldspar is changed to the tough aphanitic mineral, saussurite (page 65). Cleav
age of the feldspar sometimes retained, and found graduating into this feldspar in some
cases. Chrysolite often present; and by its alteration, serpentine is sometimes abundant,
in connection with it. Occurs near Lake Geneva in Savoy; Mount Genèvre hi Dauphiné;
Corsica in the Orezza valley; Isle of Unst, etc.
[V. Rocks without Feldspar.
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Garnet, Epidote, and Tourmaline Rocks.
GARNETYTE (Garnet Rock). - Metamorphic. Massive, fine-grained. Yellowish or
buff to greenish white. Tough. G = 33-354. This rock is the much-used, pale, buff
colored razor stone of Vie! Saim, in Belgium, the best of stones for razors. It is a man
ganesian garnet. It makes layers in a hydromica (sericite) schist. Occurs also as an
alumina-lime garnet at St. François and Orford in Canada.
EcLo;yT1 (Omphacyte). - Metaitiorphic. Fine-grained, granular. Consists of red
garnet in a base of grass-green smaragdite, with occasionally zoisite, act.inolite, and mica.
Very tough. Also with black or greenish black hornblenile and some magnetite.
EPIDOSYTE. - Metamorphic. Compact, and very tough and hard.
Pale reen to
of
Consists
and
A
green.
epidote
yellowish
quartz.
pale, yellowish variety frwn the
Shickshock Mountains, Gasp. JE = 7 and G = 3-3Ot.
'rounMA LYTE (Schorl Rock).-Metamorphic. Consists of tourinaline and quartz.
with often chlorite and mica. Granular and compact to scliist,ise. ( )ccurs massive in
Cornwall, with tin ore; schistose at Eibenstock in Saxony ; in Marble Mountains, and
Ragged Ridge, Warren County, N. J.
2.

Hornblende, P11 rosen e, and Git rysolite Rocks.
PYROXENYTE. -Eruptive. Consists of black Pyroxene. Coarse granular, or fine,
sometimes chrysohitic. Cortlandt, N.Y., and Stony Point, on the opposite side of the
Hudson.
PICRYTE. - Eruptive. Consists of chrsolite, with pyroxene or diallage or hyper
sthene. Blackish green, grayish to brownish red. Often partly changed to serpentine.
Graduates into chrysolitic basalt. From the Fichtelgebiige.
LiiEuzoi. YTE. - Eruptive. Consists of chrysolite, enstatite, whitish pyroxene, chrome
spinel (picotite), and sometimes garnet.
Changed more or less to serpentine. From
L. Lherz.
I-I0RNnLENDVrE. -Eruptive or metamorphic-eruptive. Consists chiefly of hornblende
(which is generally altered augite), with usually chrysolite. Massive or somewhat schistose; coarsely or finely crystalline. Cortlandt and Stony Creek, N.Y.
IIORNDLENT)E-PIcRYTE. -Usually or always metamorphic-eruptive. Consists of horn
blende (mostly or wholly altered augite) and chrysolite, with inagnetite, the chrysolite
changed to serpentine; usually more or less pyroxene. Coarse or tine crystalline granular.
Greenish black and dark gray. From Anglesey and Cariiarvonshire.
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DUNYTE, PERIDOTYTE. - Eruptive arid metamorphic.
Consists almost wholly of
in
part or wholly to serpentine. G = 331. From Mount
chrysolite. Often changed
Dun, New Zealand; Macon County, N.C.
AMP1UBOLYTE. - Metamorphic. Consists chiefly of hornblende, with more or less
quartz, and sometimes chlorite. Coarse or fine-grained; hornblende sometimes acicular.
Massive or schistose. Graduates often into chlorite schist and mica schist. Actinolyte
consists chiefly of green actinolite. Bernardston, Mass., and Vernon, Vt.
GLAUCOPIIANYTE. - Metamorphic.
Consists chiefly of the blue soda-bearing horn
blende-like mineral glaucophane, with some black mica; sometimes epidotic. From
S&xony; Isle of Syra; New Caledonia; California.
V. Hydrous Magnesian and Aluminous Rocks.
Schistose. Dark green to grayish green and
CHLORITE SCHIST.- Metamorphic.
Little
to
the
touch. Consists largely of chlorite, with usually
greasy
greenish black.
some quartz and feldspar intimately blended. Often contains magnetite in crystals.
CULORITE-ARGILLYTE. - Metamorphic. An argillyte-like rock (phyllyte) consisting
chiefly of chlorite.
TALCOSIi SCHIST.- Metamorphic. Schistose. Feels soapy. Consists chiefly of talc.
Not common except in local beds, most of the so-called "talcose slate" being hydromica
(sericite) schist.
STEATYTE (Soapstone). - Metamorphic. Schistose or massive. Consists of talc, often
with impurities. Gray to grayish green, white. Easily cut with a knife.
SERPENTINE. -Metamorphic. Massive. Aphanitic. Easily scratched with a knife.
Oil-green, dark green to greenish black; also of pale shades to whitish. Feels a little
greasy, especially the powder. This metamorphic rock has been made from various chrys
olitic, augitic and hornblendic rocks that were both of eruptive and metamorphic origin.
OPIIIOLYTE ( Verc-antique.). -Metamorphic. Limestone or marble colored with or
containing disseminated serpentine; clouded or spotted with green. West of New Haven,
Conn.; Port Henry, Essex County, N.Y.
PYROPIIYLLYTE SCHIST. -Schistose or massive. Microcrystalline or aphanitic.. Feels
soapy and looks like a whitish or greenish steatyte, but consists of the hydrous aluminous
mineral, pyrophyllite, whose atomic or oxygen ratio is the same as that of the hydrous
magnesian mineral, talc. Deep liver region, N.C.
II. TERRANES: THEIR CONSTITUTION, CHARACTERISTICS,
POSITIONS, AND ARRANGEMENT.
More than nine tenths of the rocks of the earth's surface are fragmental
in origin. From the time of the first existence of an ocean, the formation
of fragmental deposits, through the grinding action of waves and currents,
fresh-water streams and winds, aided by the natural decay of the rocks,
Thus
has gone forward wherever there were rocks exposed to this action.
is,
have
that
beds of sand, gravel, mud, or clay
fragmental deposits
been forming, when the conditions favored, through all the geological ages.
And those of ancient sea-borders, rivers, valleys, lakes, and plains are like
the modern in all respects, even to the frequent ripple-marks over time sur
face of beds, and the occasional footprints of animals. Wherever igneous
winds to
ejections have filled the air with volcanic sand or ashes for the
drift away, this sand has added to the material of fragmental deposits.
Wherever there was nothing for the moving waters to grind up except shells,
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corals, and other calcareous relics of living species, these relics of the seas
have been ground up, as now in coral and shell-growing seas, and made into
limestones; for limestones are for the most part fragmental rocks.
The lnetamorl)hic crystalline rocks, as already stated, are only fragmental
rocks metamorphosed or crystallized. The alteration in sonic
making epochs has changed fragmental formations thousands
thickness over many thousands of square miles in area. The
such areas are usually less altered than the interior portions;
in many places the transition may be passed over, in the course

mountain
of feet in
borders of
and hence
of a score

or two of miles, from the simply solidified strata of the outskirts and the
faintly crystalline slates and limestone, to the thoroughly crystalline mica
schist, gneiss, and marble; and sometimes to granite in masses or veins as
an extreme effect.
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Chemical deposits, or deposits from solution in fresh or salt waters, have
added sparingly to the stratified series, and the outflows of igneous rocks
from fissures or volcanic rents have made other large additions. Part of such
ejections go to make independent conical mountains ; but the larger part
are in successive sheets interstratified or overlying other formations.
Of these materials, all are of superficial origin excepting the igneous;
these are contributions to the surface from the earth's interior.
Besides stratified terranes, there are also vertical or obliquely placed
sheets of rock cutting across the former. They are the fillings of opened

cracks or fissures made across the terranes, and comprise dikes and ye/us.
They have great geological and economical importance because of the gems
and ores which veins and dikes have made accessible to man, and because
dikes are the inferior portions of great igneous outflows, and reveal some
thing as to the earth's interior. But they are of small extent compared with
the stratified terranes, and will be considered under Dynamical Geology.
Formations. -From the explanations that have been given it is apparent
that any group in the series of stratified rocks, whether large or small, may
be called a formation, if the parts are related in period or time of origin;
as, for example, the Devon/an formation, or those of the Devonian era; the

Chemuny formation, or those of the Chemung period under the Devonian;
and so on. The term is also used for a group of rocks of similar constitu
tion; as a calcareous formation, a siliceous formation, etc. The term terrane
(from the Latin terra, earth, and the French terrain) has essentially the
same signification as formation.
Formation is commonly used for stratified
terraries.
STRATIFIED FORMATIONS.
1. Structure and Characteristics.
The series of stratified formations over the globe has a maximum thick
ness of about 30 miles. But the existing thickness in any one place is
seldom even 10 miles. Since rocks are mostly water-made, and for the
larger part originated in oceanic waters of moderate depth, wherever any
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region has remained for ages as permanent dry land, without interior seas,
little or no deposits have been made over the surface; and the little has
come through the winds or rains or igneous ejections.
So, also, where the

deep oceans have been located, the deposits have been relatively thin. The
earth's coat of stratified material is hence a very irregular and ragged one.
In the description of a formation, the term stratum (from the Latin for
bed, strata in the plural) is used for each section of the formation that
consists throughout of approximately the same kind of rock-material. Thus
if shale, sandstone, and limestone succeed one another in thick masses, each
is an independent stratum. A stratum may consist of an indefinite number
of beds, and a bed, of numberless layers. But time distinction of layer and
bed is not always obvious.

The series of formations in the earth's structure is divided into series,
groups, sub-groups, and stages, according as breaks in the history of higher
and lower grade may require. The series are the grander divisions; e.g.,
the Devonian series, the Carboniferous series. The study of the succession
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of strata or of beds in the rocks of a region, in order to ascertain their origi
nal order and the characteristics of the beds, is a stratical or stratigraphical1
investigation. The following are some illustrations Fig. 59 represents a section of the strata as exhibited along Genesee
River, at the falls near Rochester. The height of the section is 400 feet.
(1) The stratum at bottom is sandstone; next above it (2) lies a hard, gray
stratum
Band.

which has been called the Gray
On this rests (3) a thick stratum of

greenish shale, fragile and. imperfectly slaty;
and (4) a compact limestone. Above this
(5) is another greenish shale, much like that
below, then (6) another great stratum of

5()
_____ 8

5 b:
-

c

4

limestone; (7) another thicker stratum of
shale; and, finally (8), at the top, is limestone wholly different from those
below. The transition from one stratum to another is quite abrupt; and,
moreover, each may be traced for a great distance through the adjoining
country. It must be here remembered that these transitions in the rocks
indicate extended changes in the conditions of the rock-making seas; that
when a pure limestone was in progress, the sea was free from currents
bringing in mud or sediment; when making shale, the currents carried in

fine sediment; when sand, a coarser sediment; so that alternations in depth,
limits, and exposure to waves and currents, or not, through the successive
periods, were the source of the alternations in the strata.

The succession of strata in stratified rocks is exceedingly various. In
other sections, as at Trenton Falls, N.Y., there are only limestones in sight;
but, were the rocks in view to a much greater depth, sandstone would be
seen.
In still other regions, there are alternations of conglomerates and
1 The latter adjective is a mongrel word, half Latin and half Greek; but it has probably
been too long used to be displaced.
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shales; or conglomerates with shales and coal-beds; or conglomerates with
limestones and sandstones; or shales and sandstones alone.
The thickness of each stratum also varies much, being but a few feet in
some cases, and hundreds of feet in others; and the same stratum may
change in a few miles from 100 feet to 10, or disappear altogether, or change
from one of shale, or of limestone, to one of sandstone, and so on. In the

Coal-formation of Nova Scotia there are 105,000 feet of stratified beds, con
sisting of a series of strata mainly of sandstones, shales, and conglomerates,
with some beds of coal; and in the Coal-formation of Pennsylvania there are
6000 to 7000 feet of a similar character.

In many cases a bed of limestone thins out at short intervals, and is thus
in isolated pieces, 100 to 1000 feet, or more, long, called lent icular masses,
shale or sandstone occupying the in
terval. This results from the varying
conditions in the seas in which the beds
were made, some portions being Iavoi
favorable for the animals that make shells

calcareous materials from
which liinestones are formed, when the
larger part is unfavorable. Such lenticular masses (ab, c(i, eJ Fig. 60) may
consist of iron-ore, such ores being often deposited locally in marshes or
shallow basins, on sea-borders, as well as in interior ponds or shallow lakes.
A sea7n is a thin layer intercalated between layers and differing from
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and

other

them in composition. Thus, there are seams of coal, of quartz, of iron-ore.
Seams become beds, or are so called, when they are of considerable thick
ness ; as, for example, coal-beds. Such seams are sometimes popularly, but
wrongly, called veins.
The beds or layers of rock may be (1) massive, that is, of great thickness
without division into subordinate layers; or (2) thick-bedded, or (3) thinbedded, or (4) laminated, or (ii) shaly.
The flagging-stone, much used in
Eastern cities of this country, is a good example of a laminated sandstone.
Such a variety of sandstone is often called flags.
(6) Straticulate structure is one made up of very thin and even layers,
separable or not, as a bed of slate, a bed of clay in a river-valley, stalagmite,
and agate. It is often called a banded structure.
(7) Slaty structure is much like shaly, and frequently a shale is called a
slate. But the shale is straticulated parallel to the planes of deposition, and
the structure is due more or less to the pressure of the overlying material;
while slate (roofing-slate) has much more. even layers, with a smoother
surface, and. has derived the slaty structure from lateral pressure, as

explained beyond (page 112).
(8) A cross-bedded structure characterizes a layer when it is obliquely
laminated, as in three of the layers in Fig. 61.
Such layers generally
with
alternate
horizontally bedded layers. This style of bedding is made
by a strong movement of a current over a sandy bottom, as in the move-
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ment of the tidal waters out of an
estuary or of a stream over a sand-bed.
It has been called
The water, as it moves on, pushes up
current-bedding.
some of the sand before it, and then
keeps depositing the sand over the
front slope of the little elevation so made,
pro61.
ducing on the slope a series of thin layers
at
an
pitching
angle usually of 200 to 350 in
the direction of the flow.
T During a time. of
quiet following, as the ebb of the tide, slower
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deposition may make a layer that is horizontal in bedding, and thus the cross-bedded
layer is often made to alternate with the
horizontal.
(9) In the flow-and-plunqe structure the cross-bedded

-

layer is broken up
into curving wave-like parts, as shown in
62.
This effect is produced
Fig.
when there is a wave-like plunging action in the
rapidly flowing waters and.
a large supply of sand or fine gravel for
deposition. One of the wave-like
parts in such a layer is usually a yard or
62.
more long and six inches to a foot thick;
and may De much smaller, as well as very
/'
much L.trger.
In one place in the stratified
drift near New Haven, Conn., the thickness
was six to eight feet
The whole thickness,
I- in ill cases,
s produced by one fling of the
waters.
By studying the structure of layers, we
are enabled to determine the conditions under which rock-formations were
made; and hence the facts have great interest to the geologist
(10) The beach-structure is another of like interest, indicating a beach
origin. The upper part of a beach, above high-tide level, is made by the

toss of the waves, and especially in storms; and it is generally irregularly
bedded.
But the lower part, swept by the tide, has usually an even seaward
slope ; and the beach deposits over it have therefore a corresponding inclina
tion -usually 5° to 8° when the tides are low, but 15° to 18° when high.

When the sands are coral or shell sands, they become cemented into a calca
reous sand-rock, and show well the straticulation.
(11) The wind-drift structure is of very different character. It is made
up of straticulate portions, in different positions, oblique to one another, as
in Fig. 63.
A ridge of sand made by the drift
63.
ing winds on a coast becomes straticulate
parallel to its upper surface, because the. dep
osition by the winds is necessarily over the
surface
But if such a ridge has its upper
-\'-\
half shaved off obliquely in a heavy storm,
deposition will afterward go on parallel to the new surface, and hence at an
angle with the earlier lay'ers.
By repetitions of such events the wind-drift
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structure is produced. It characterizes part of the "Pictured Rocks" of
the south shore of Lake Superior (Foster and Whitney's Report, from
which the above figure was taken), and shows that the beds were not made
in deep waters, but above the sea level by the drifting winds, like the drift
sand ridges of a windward coast.
(12) The mud-cracks made over a drying mud-flat are often preserved in
the rocks (Figs. 64 and 65), and prove the mud-flat origin of the bed.
Such cracks are necessarily shallow, as they are limited by the depth of the
mud. The cracks become filled by the sediment after a return of the waters,
(35.

64.
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Mud-cracks. D. '49.
and into this filling a cementing solution may pass from above. If the solu
tion is siliceous, the filling becomes harder than the rock either side, so that
when worn, the surface is one of prominent intersecting ridgelets, as in the
Moreover, these ridges are generally double, the filling having
figures.
solidified against either wall of the crack until the two sides met at the
center, and became more or less perfectly united. Layers having such filled
up mud-cracks are very common in stratified rocks.
(13) Ripple-marks (Fig. 66), a series of wavy ridgelets, precisely like
the ripples on a sand-beach, are also common in many sandstones, the oldest
as well as the latest, and are often indications of sand-flat origin, - like the
sand-flats off many seashores or in bays, though not necessarily so, since
ripples may form over the bottom as far down as oscillation in the water
extends, which may be a hundred yards or more; and they are also formed

by the winds over surfaces of loose sand.
(14) Wave-marks are faint outlinings on a bed of sandstone, like time
outline left by a wave along the limit where it dies out upon a, beach,
marking the outline of a very thin deposit of sand. They have the same
kind of significance as ripple-marks, but are surer evidence that the beds are
of beach origin.
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Bill-marks (Fig. 67) are still clearer evidence of a beach-made
deposit; they are the little furrowings made by the rills that flow down a
beach as the waters of a wave or tide retreat, and which become apparent
especially where a pebble or shell lies, the rising of the water upon the
(1)

66.

67.
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pebble causing a little plunge over it and a slight gullying of the surface for
The figure is from a slab of thinly laminated sand
a short distance below.
stone of the Medina formation, New York, as described and figured by
James Hall.

(16) Rain-prints or rain-drop impressions are indications, like mud
cracks, of exposure above the water level at low tide, or at least a low stage
of the waters, when the bed of rock containing them was yet loose mud or
sand. A slab three by eight feet in size, now in the Yale College cabinet
(from Greenfield, Mass.), is covered throughout with such impressions; and

as the impressions are slightly oblong and oblique, they bear evidence of the
The slab is
direction of the wind at the time of the short brisk shower.
that
an
animal
of
crossed by a line of footprints showing
long stride
mud-flat
the
before
the
shower;
just
(probably a Dinosaur) walked over
This is an example of the
for there are rain-prints in the tracks.
geoglyphics from which the geologist derives
68.
lesAnother
facts for geological history.
son, too, comes from the rain-prints, for
they show that it rained millions of years
since
(17) Other markings observed at Greenfield, Portland, and other places m the Con-

(7741

JiI-

)
necticut valley, are sc at¬1es and gi oovings
made apparently by a floating log, one end
or branch of which dragged in the mud.
Others found there and elsewhere are the trails of Worms, and tracks of
Insects, Crustaceans, Reptiles, and other animals, all of which give instruction
in many ways.
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(18) Scratches (stri) or f47-rows or polished surfaces sometimes
rocks, which have been produced by abrasion attending movements.
often cover the walls of fissures, and sometimes the surfaces of beds of
and in such eases they are called by the miners' term, slickensides.

cover
They
rock;

They
occur also over the rocky surface of a country as a result of past or recent
glacier flows; and. such are called simply glacier scratches or strhe. This
subject is further explained under Dynamical Geology.
(19) concentric strucinre. - In concentric structure there is an aggre
gation of matter around a center, making, usually, spheres or flattened
spheroids, as in Figs. 69-83. The form is usually dependent on growth by
deposition from a solution around a center, so that the growth is outward,
or centrJga1.
In ordinary concretions it is growth by accretion, and it
sometimes produces a series of distinct concentric layers. The forms are
60-SO.

TO

71

712

7t

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

44
78

Tt

iL4
-

spherical (Fig. 69) ; more frequently flattened sjlieroids (Figs. 74, 8:3) ; and
very frequently aggregations of concretions that are symmetrical in arrange
ment (Figs. 79, 80). Concentric layers are shown in Figs. Ti and 81. At
the center there may be, as a nucleus, a shell (Fig. 70), or a
spider, or insect,
or leaf, or merely a grain of sand undistinguishable by the unaided eye. They
often form as the first step in the process of consolidation, and make a rock
consisting of concretions which may disappear when the consolidation is com
plete. Some layers may have spherical concretions, and another above and
below flattened (Fig. 82), those beds in which filtrating waters
spread with
equal facility in all directions having spherical, and those of a laminated
structure, in which the waters spread laterally most easily, having
spheroidal
or flattened kinds. They are sometimes hollow
or
contain
a
ball
within
rings,
77,
78).
(Figs.
The kind represented in Fig. 81, in which the concretions are about as
large as peas, is called pisolite, from the Latin for pea.
A similar kind,
having the spheres about as large as the roe of fish, but not often with con
centric layers, is the rock ooiyte.
Golte is now forming on the Florida
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banks, and is common among the old limestones of the world.
Calcareous
concretions are most common.
Those of pyrite, limestone, and quartz
are also common; and many other minerals take the
concretionary form.
Nodules of flint or chert in rocks are often concretions, and
frequently have
a fossil as a center.
81.

.lr

82.

83.

),
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The consolidation of a concretion is sometimes followed by further drying
from the outside inward, and in this process the interior often becomes
much cracked, as in Figs. 72, 73; and the cracks may be afterward filled
with calcite or some other material, and make septaria, the name alluding to
the division or septation of the interior. These septaria concretions occur at
times in very large flattened forms, even one to three feet in diameter, when

they are sometimes popularly called petrified turtles, from the resemblance
to the back of a turtle in the divisions; the more beautiful kinds are often
sawn into circular slabs and polished for table-tops.
Solidification from fusion often produces concretions in the mass which
sometimes consist of more or less distinct concentric layers of different
minerals, or, it may be, of a single mineral. Fig. 84 illustrates this structure
in a granite-like rock, the "orbicular dioryte" of Corsica.
The pudding

granite of Craftsbury, Vt., contains large black, ovoidal concretions, consist
ing chiefly of black mica.
Concretions are also made by growth ra4iaiiy from a center, but this kind
is of inferior geological importance. The process makes attached spheres
and hemispheres, radiately fibrous or colum
84.
nar within.
An example -in a reversed
position, in order to exhibit the interior
structure -is shown in Fig. 76.
Spheres and irregular spheroids or balls
-\;
/
in rocks, when hollow within and lined
-'
with crystals, are not concretions, but instead geodes; and any cavity so lined,
whatever the shape, takes this name
''
Geodes are often quite large, as in the
Keokuk limestone of Iowa and Illinois,
,
where they have been supposed to occupy
the centers of sponges that were at some time hollowed out by siliceous
solutions, like the hollowed corals of Florida, and then lined with crystals
DANA'S MANUAL -7
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by deposition from the same or some other mineral solution. Geodes are
common in veins of ore, and also occupying the cavities of amygdaloids.
The concentric structure is produced also by consolidation 1wofiressbig
inward from the exterior - a centripetal process.
Spheroidal masses of sand,
often of oblong-spheroidal, as well as other shapes, colored deeply with iron

oxide, are often hard outside, and have mere loose sand within; or they have
one or more concentric layers of ferruginoits color within, or a series of
concentric shells of sand, and sometimes also a loose ball, as in Fig. i.
A concentric structure is produced also by decomposition along fracture
planes, when these divide a rock into small portions (as explained on page'
127), and also by alternate heating and cooling (page 337).

Original Positions of Strata.
Strata in their original positions are commonly horizontal, or nearly so.
The level plains of alluvium and the extensive delta and estuary flats
show the tendency in water to make its depositions in nearly horizontal
The deposits formed over soundings along seacoasts are other
planes.
results of sea action; and here the beds vary but little from
horizontality.
for
miles
out,
time
of
the bottom.
of
New
80
Off the coast
slope
Jersey,
- which no eye could distinguish from a perfect
averages only 1 foot in 700,
level. Over a considerable part of New York and the States west and south
west, and in many other regions of the globe, the strata are actually nearly
In the Coal-formation, the strata of which
horizontal at the present time.
have a thickness, as has been stated, of 5000 to 1.5,000 feet, there is (lirect
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2.

proof that the beds were horizontal when formed; for in many of the layers
there are fossil trees or stumps standing in the position of growth, and sometimes several of these rising from the same layer.
85.
Fig. 85 represents these tilted coal-beds e, e, with the
stumps s, s, s. Since these trees must have grown in
a vertical position, like all others, and as now they
are actually at i ight angles to the layers, and parallel
S
to one another, they prove that the beds originally
were horizontal. The position of shell accumulations
and coral reefs in modern seas shows, further, that
all limestone strata must have been nearly or quite horizontal when they
were in the process of formation.
Variations from horizontality. - (1) Some variation from horizontality
may be produced by the slope of
the sea-bottom in certain eases;
and in lakes, off the months of

86.

rivers (Fig. 86), quite
con
~2_
siderable inclination may result
~
that
the
from the fact
succesderived
from
sive layers
the inflowing waters take the, slope of the bottom
on which they fall.
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() The depositions of a mountain stream where it abruptly reaches a
plain make a broad low cone, stratified parallel to its surface, called an
"alluvial cone." See page 194, under Rivers.
Such fresh-water accumula
tions have thus far been found only among recent formations.
(3) The deposits of sand constituting a sea-beach, as stated on page 93,
take the slope of the beach, which may vary from 3° and less to 18°; and
they have distinct bedding parallel to the sloping surface.
These cases of an inclined position are relatively of limited extent.

They do not affect the truth of the general proposition that the original
position of the earth's great stratified rocks is essentially horizontal.
(4) Another example of inclined stratification is afforded by the volcanic
mountains of the globe, whose lava-streams usually have a pitch between
3° and 20°, but may have a less or a much greater pitch. In the volcanic
mountain the stratification is pericentric, more completely so than in the
alluvial cone.
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3. Fractured and Displaced Strata.
Strata, however continuous and horizontal when first formed, are, at the
present time, more or less divided up by phuies of fracture, and sometimes
In general, also, they have lost their original horizontality,
profoundly so.
and instead the beds have a pitch, small or large, sometimes rising to verti
In many mountain regions the strata are in great
cality or even beyond.
flexures, each flexure miles in sweep.
Further, fractured and flexed strata
have often been displaced along a fracture, either upward or downward, in
some cases a few inches, in others miles, the rocks on one side of the plane

of fracture being dropped down or shoved up to this extent. In addition,
all regions, especially mountain regions, have lost a vast amount of rock
through the long-continued wear of flowing waters, which has reduced flex
ures to ledges and level surfaces, concealing displacements and disguising
greatly the original features of a region.
The following are explanations of terms used in describing upturned and
displaced rocks: An outcrop is a projecting ledge of rock (Fig. 87).

88.
87.

-

/P

The dip is the angle which the beds make with a horizontal surface; and
its direction is down the sloping surface, in the direction in which the angle is
greatest - dp in Figs. 87 and 88. The inclination of a sloping bed or of a wall
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is in the opposite direction from the dip. The strike is the horizontal direction,
at (Fig. 87), at right angles to the dip. The direction of strike is ascertained
by means of a compass; and
89
the angle of dip by a citiwmeter.
II
F'

Olt

/

A clinometer-compass is a corn
pass in which the movement of
a plummet measures the angle
of dip, the degrees being marked

on a graduated arc, as shown in
The compass in its best
Fig 89
form has a square base, with one
side of the square parallel to
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the N.-S. hue, so that the side
may be used in place of the line, or the instrument may be applied by one
side to the rock, or used in sighting distant slopes.
The edges of outcropping layers give the true dip only when the section affording
them has the direction of the dip, as those on the right side of Fig. 87, or those of the
side 1 in Fig. 88; but those of sides (or sections) 2 and 3 in the latter figure vary in direc
tion from the dip; and those of 4 have no dip, but are horizontal, and have therefore the
direction of the strike.
In the best clinometer-compass the square base is about 3 inches in diameter. A
olinometer (Fig. 89 B) is easily made out of a block of hard wood, 3 to 3 inches square, and
half an inch thick. A small compass may be set into the same block, with its N.-S. line
parallel to one side of the block, as in the figure, making the instrument serviceable for
taking directions of strike or dip, though too small for good compass work.
In making observations, first take the strike, and in recording it refer it to the north
point ; e.g. N. 2O E. (if that be the direction), never S. 200 W. ; only the direction of
g(r lacial scratches should be referred to the south point. Next note whether the dip is
easterly or westerly, and measure the amount; if 500 easterly, then it is 500 in the direc
tion S. 700 E., this course being at right angles to the strike. The entry "strike N. 200 E.,
dip 500 E." includes the whole. To obtain the true strike, the edge of the laminated rock
selected for the measurement must be perfectly horizontal ; if there is none such in an
outcrop, draw a horizontal line on one of the beds. The error from a variation from
horizontality increases as the dip decreases, and becomes null only when the dip is
vertical.
In taking the strike, the side of the square compass parallel to its N.-S. line should
be used ; and it is better to apply it to a piece of board laid over the rock than to the
rock itself. But it is not necessary to put it on the rock; it is generally best to make the
observation standing, with the N.-S. side of the compass between the eye and the out
cropping edge. The same method may be used also in taking the dip; and if the observer
is in the line of strike, he can thus take the dip even when the ledge is rods distant. The
slope also of a mountain on the horizon can be obtained with a clinometer in the same
way.
Before making a measurement, it must be ascertained that the outcrop is not that of
a bowider, or of layers displaced by the growing roots of trees; and that the particular
locality will give a mean, not a local, result. Perfectly uniform strikes or dips for a
distance of a hundred yards are not generally to be expected, - a fact that will trouble the
young geologist in his first field observations.
When, among the exposed sections at a place, none is at right angles to the strike,
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the dip may be obtained thus: take the dip and the direction along two of the sections;
then, from a point, A, draw two straight lines, AB, AC, in the directions of the observed
dips, and set off, on each, lengths proportional to the cotangent of its own dip, Ab, Ac;
then, a line through b, c will have the direction of the strike, and a perpendicular to it,
that of the dip.

90.

i
00°

F
80°

I
70°

FFF
60°
0° 45°

HH
350
25°

15°

the length of the stem of the T, as in the annexed figure, in which the ratio of the stem
to hail the top of the T is for 80° =1:4; for 70°, 1:3; for 60°, 1:2; for 50°, 1:11; for
45°, 1 : 1; for 35°, 11: 1; for 25°, ii: 1; for 15°, 2: 1; and for horizontality, a crossed
circle.
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Flexures. - Some of the forms of flexures are illustrated in the following
figures. Such flexures, while often very small, may be several thousands
of feet in height, and many are miles in span. The following are a few of
the forms. The slopes either side of the center are seldom equal. In

4, Fig. 91, Aa is the axis of the flexure, and in both of those to the right
01.
2

-

this axis of symmetry is inclined; and in 5 and 6, still more inclined;
Flexures
while in 7, 8 (from the Alps) other complexities are represented.
like those in the right half of 5 and in 6 are called overthrust flexures,
the flexing being due to pressure from the right.
Supposing the pressure
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to have come from the left, they would be underthrust flexures, - a kind
that is exemplified in some sections of the Alps, but is not common like the
overthrust.

Flexures are either anticlines or synclines.
Upward and downward bends
alternate, as the figures show; the upward, lettered A, are anticlines,
so-named from the Greek VT4 opposite, and ,àvw, incline; and the down
ward, are synclines -from o-v, together, and Avw. When strata have been
pushed up so as to dip only in one direction, the structure is called mono
ctinai, from ,ivoc, one, and ,Avw. One example of a vionocline is shown In
Fig. 91 (2). The beds in Fig. 96, on page 104, have a moiioclinal position,
but they may be either those of a monocline or of anticlines and synclines,
as explained beyond.

As the following figures of actual sections indicate, flexures are not
found in nature with their original forms, owing to the wear such regions
have always undergone. Fig. 92, by Rogers, represents a section six miles
92.
Vir!;
UY IV

X

11

M

IV

V
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Appalachian section, Virginia.

V1

IM- Si.
V VI V IV*UT

Rogers, '42.

The strata are numbered, so that
long, from the Appalachians in Virginia.
a
the flexures of
given stratum may be followed; thus Ill bends over 11,
to the left of the middle of the figure, and the right portion descends to
come up again in III at the right end of the figure; again, IV, to the left,
rises and bends over III and II, though disjoined about the top of the fold
by denudation.
Fig. 93 represents a section from the Swiss side of the central Alps.
To the right, the strata, 1 to 6, are so flexed over that the newest stratum 6 is
beneath 4, 3, 2, 1, with 1, the oldest, at top. The (lotted lines help in
Other sections from the Appalachians, the
tracing out the flexures.
Alps, and other regions, are given under the subject of Mountain-making
(pages 3ö5-360).

93.

Section east of Lucerne, extending south, 5 rn., through Windgii1o (4, to the right) a peak 10,455 feet
high ; 1, Gneiss; 2, Triassic beds; 3, Lias; 4, Jurassic, above the Lins; 5, Cretaceous; 6, Eocent)
Tertiary, Including Numinulitic beds. Helm.
Besides the apparent irregularities introduced into a region of flexures
by denudation, there are others still greater arising from fractures and
faults (displacements). Overtlu'ust flexures very coinnionly become broken
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and faulted in the direction of the thrust, and the beds become stretched
and thinned in the process, as explained beyond.
In Fig. 94, which represents a surface only six feet square, the synclines
and anticlines are a few feet only in span; moreover, as is seen, the little
anticlines have still smaller anticlines and
94.
synclines subordinate to them; so that the
figure represents compound flexures. But
these small flexures at the locality are
subordinate to the great flexures of the
region, which are thousands of feet in

:"

span, so that they are portions of a
doubly-compound system of flexures.
Since flexures are greatly disguised, as
explained above, so that the kind is seldom

indicated in the exterior form, their nature
has to be learned from the dip and other characters of the associated beds.
A portion of a flexure may be mistaken for a monocline unless the region is
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well studied.

Fig. 95 represents the rocks with their true dip along 4 parallel sections across a
country, the blocked areas being limestone and the others mica schist. They show
what may be the actual appearance of a region of folded rocks after it is worn down
to a nearly level surface. All that is visible over the region is the upper surface and
enough below it to give the true dip; and from these facts and the study of the characters
95.
1 ITIR

!
2

I

E.Sch

394'h.

f

SSch.

3 Sch

/".
°3th i/ich
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j
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3Sch.

2Sch.
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'E Sch
III!!II

S.&h.

Flexures in limestone and chit, WiLcbestcr Co., N.Y. D. 'si.
of the beds throughout the region, the kinds of flexures are deduced. The dotted lines
show one interpretation of the facts. The synclinal near the middle of section 1 is overlaid by schist in 2, and by still more schist in 3 and 4; and changes occur also in the other
flexures. But other interpretations are possible.
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Pig. 06 below represents a section of alternating belts of limestone and schist, numbered
I to 11111, to be interpreted.
It may be that each belt, I, II, Ill, III!, lUll, is an independent stratum, alike in
dip, with 11111 the highest in the series. This is the simplest explanation. But there
may be flexures, and Figs. 97, 98, 09 represent some of the possible methods of interpre
tation. By comparing each with Fig. 96, the relations may be studied out.
90.

1)8.

97.
I
i

(

.--
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In a region of flexed rocks the same bed, as the illustrations show, may come many
times to the surface; and it is therefore easy for the observer to be deceived in such
regions as to the number of independent beds. The covering of soil adds greatly to the
difficulty, as the following figures illustrate. When the rock in a region of high dips is
100.

101.

simply a slate or shale, with no associated stratum of permanent horizon, it is almost
impossible to decide as to flexures. Such beds bend easily, and may be full of flexures,
and yet none may be apparent.
Sometimes an anticlinal flexure has the dips of a synclinal, as in the central part of
Fig. 102 A. If worn down to a plane (Fig. 102 B), the dips along the center would seem
to be good evidence of a syncline. Such ja n-shaped folds
102.
are common on a small scale in schists, and occasionally
they may occur on a scale of mountain magnitude. The
A
facts at Mont Blanc in the Alps are explained on the idea
of such a fold.
To reach positive conclusions among the possible
explanations, the beds or strata must be carefully corn
pared, and also the sides and middle of the several strata,
as to texture and all other differences. Besides, search
B
I R\'\' Ii I) ((fi1 t']7 should be made for outcrops that exhibit the limestone
and schist in broad anticlinals or synclinals, a in the
cases.
In
Mount
following
Washington and Greylock of the Taconic range on the boun
dary of western New England, the beds dip at the north end of the mountain mass, nearly

TERRANES.

105

as in Fig. 103; that is, the dip is alike eastward on the east and west sides of the
range,
and it is not clear whether the overthrust flexure is anticlinal or synclinal. But toward
the other end, the dips of the east side change, through the positions in C and B to
that in A; and here they are plainly in opposite directions on the two sides, and indicate
thus that the mountain is a synclinal flexure, basin-like at one end, and a careened trough
at the other.
Flexures have ordinarily, f not always, the
ridge-line inclined instead of
horizontal. The making of horizontal flexures
(that is, those with the ridge
line horizontal) would require perfectly equable pressure along a region, and
also perfectly equable resistance, neither of which conditions could exist,
because of the varying texture in the rocks, if for no other reason, and
hence horizoiitality seldom occurs.
103.

WA
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SyndilneB of Mount Washington, Mass.

D.'87.

In a single ordinary flexure, therefore, the strike may vary nearly 1800,
and the dip as greatly. For the edge of the horizontal plane (feg in Fig. 104)
is a horizontal line; hence it corresponds to the strike for each point it
passes over through a circuit of 1800.
Supposing the flexure to run north
104.

a

and south, the strike may vary from N.-S. through E.-W. to N.-S. again.
Further: since the dip of the outer layer at any point is at right angles to
the strike, it is at right angles to the line sir. The dip of the beds is least
along the axis of the fold.
Folds derive complexity also from torsion in the upturning movement.
The following figure of a mountain scene in Colorado (Fig. 105) shows,
The
besides the effects of erosion, those of a twist or torsion in the strata.

light-shaded stratum has opposite dip in the near and distant parts, and of
course the strata either side participated in the torsion. The effect is proba
bly far more common than is believed, for only in a region of bare, uncovered
rocks is such a condition likely to be appreciated.
Besides the above-mentioned irregularities in a region of flexures, others
come from variations in the length of parallel flexures, one flexure lapping
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by another, very much like the folds above the elbow in a woolen coat
sleeve. The flexures are those of a warped surface, parallel usually in
direction, but mutually involved along their course. Hence there are large
variations in dip between the flexures.

105.
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Upturned strata of the west slope of the Elk Mountains, Colorado. The liglit.sbaded stratum, Triassico.
Jurassic; that to the right of it, Carboniferous; that to the left, Cretaceous. Holmes, Gardner.
Models of flexures may be conveniently made out of a large unhewn branch of a tree
of coarse-grained wood, having the bark on. A piece of the branch (3 or 4 inches or
more in diameter) 1 to 18 inches long, cut obliquely from a diametral line at one end
at an angle of 200 or so, will afford two models of a flexure with an inclined axis. By
coloring groups of layers in the wood, using for greater simplicity not more than three
colors, the appearances of the flexed strata may be studied in horizontal, vertical, and
any other sections that may be cut. Such models might be made by pasting together
sheets of differently colored paper, or layers of paper-pulp, and so making a cylinder, and
then cutting it as above. By pressure the cylinder might be made elliptical, and models
might be obtained with unequal dips on the two sides.
Geanticlines, geosynclines. - The flexures in rocks which have been above
described and illustrated by figures are flexures of the strata of the earth's
exterior, or the supercrust, not of the crust itself. The crust is thick, and
it is impossible, were it but 10 miles thick, that it should be bent into
so small and abrupt flexures. It has, however, its own great flexures of low
It is proved that
angle and of great breadth, both upward and downward.
the stratified rocks of the Alleghanies were laid down in one such downward

bend or trough, a thousand miles long, during the long ages in which it was
slowly deepening. There are also evidences that upward bends of similar
extent have been made. These flexures of the crust are termed qeanticlines
and geosynclines, the prefix in these terms being derived from the Greek

word for earth.
The basin of Lake Superior probably corresponds to a
geosyncline, as suggested by T. C. Chamberlin.
Fractures, faults, compression and stretching of rocks. - The fractures
intersecting rocks are of all sizes, from those small cracks that result from
contraction on drying and cooling, and from gravitational pressure on strata
of varying compressibility or of insufficient support, to those, sometimes
miles in depth, that are made in the grander movements of the earth's
crust.
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Rocks vary greatly in fragility, and break
very differently under the same
circumstances.
Some, as the shales and argillaceous sandstones,
yield to
or
pressure by bending
by becoming compressed or stretched; or, like a
friable sandstone, become adapted to the pressure as
might a bag of corn,
a
of
the
readjustment
by
grains. But the more solid sandstones, having less
mobile elements, become divided into blocks, unless the
pressure at work is
of the extremest slowness; and compact limestone, the most brittle of rocks
when pure, breaks into smaller blocks, and sometimes into multitudes of
them. The fractures due to stretching or tension are often
large in the
summit portion of an anticline, and especially when the beds consist of the
harder or more brittle rocks. If a stratum of limestone is made
up of pure
and impure (argillaceous) layers, the former may be broken into columns when
the latter are sparingly broken.
Only a slight torsion from unequal pressure
or support is needed for these results. The
scenery of the Rocky Mountain
and
of
the
Colorado Cañon, illustrates finely these various
region,
especially
differences in fragility. It is dependent upon the columnar fronts of many
of the harder alternating layers for much of its architectural effect.
It has been stated that the flexures in strata are those of a
warped sheet.
But while the coat-sleeve loses its flexures on straightening it, strata could
not be restored to their original condition, because of the great stretching
and slipping on one another of time beds in one part, and of the
compression
in others. Proofs of the stretching and compression are afforded
by the
deformation of fossils, as illustrated in the chapter on mountain-making.
(Seepage 370.) The smallest of fractures that have geological importance
are those of the constituent grains or crystals of a crystalline rock, which
are generally so minute as to be detected only by microscopic investigation.
They sometimes indicate a flowing of the material, lava-like, before it had
cooled, or contraction during cooling, or some progressing change of form

through pressure.
Faults are displacements along fractures.
When a coal-bed is not con
tinuous across a plane of fracture, but has its continuation at some higher or
lower level, a. fault exists; and such faults often occasion much trouble to
miners. There may be a few inches or less of displacement, or a few feet;
but the larger faults of mountain-making regions are sometimes 10,000 to
20,000 feet.
In Figs. 106, 107, ft is the course of a fracture, and a to b the amount of
displacement. In Fig. 106 the part to the right has slipped down against the
opposite wall, or there is a. downthrow; and this downthrow is in the direc
tion of the dip (or the hade, in miners' language) of the fracture-plane.
In
is
an
107,
the
reverse
is
the
case;
there
this
upthrast along
Fig.
plane. One

is an overthrow or downthrust fault, the other an upthrust fault. The angle
of dip in the fault-plane is here near 60°; but it may be from 0° to 90°.
In Fig. 108 a block of the formation has slipped down between two frac
ture planes; moreover, the resistance or friction has produced a bending of
the layers on one side.
Reverse the figure, and another condition in faulted
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strata is represented. The surfaces of walls often become scratched or
"sUckensided" by the movement.
f

106.

107.

108.

C
It cannot be affirmed in all cases that the downthrow or upthrust
exhibited in the beds was the whole movement, but only that it was the
final differential result of whatever up or down movement took place.

Often there are many small faults in a group, as in the annexed figure;
and the group may be of the downthrow or upthrust kind, though usually in
such cases, of the former. Frequently one or two blocks in the group of a
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displacement has undergone a reverse movement; but this does not change
the general character of the faulting.
109.

Faulted by beds.

110.

Fault with opened fissure filled with fallen
masses. Powell, '75.

Fig. 110 (from Powell) shows a downthrow fault along a vertical
fracture; moreover, the fracture is opened so as to become a wide fissure,
and the fissure is filled with masses from the inclosing rocks. For other
faults in fissures (veins), see pages 328-330.

Downthrow faults are often called normal faults; but only from the fact
that they are most common. The smaller faults are usually of this kind,
since gravity acts that way. The great faults, thousands of feet in dis
placement, are often upthrust faults. Those in the Appalachian Mountain
region of Pennsylvania and Virginia have the upthrust of the enormous
extent above stated, 10,000 to 20,000 feet; and the beds of the eastern side
would now have this great height above those on the opposite side were it
not that running waters of the sea and land (mostly the latter) had worn all
down to a common level. A section of one of these great faults of Virginia,
and the worn-off condition of the beds, is shown in Fig. 111.

On one side of

TERRANES.

109

the fault F are coal-beds, on the other, one of the lower limestones of
the geological series, which, by upthrust action, has been
put on a level
with the coal-formation. By the same forced movements, downward dis
placements or faults are sometimes made, and these have been distinguished
111.

Section of the Paleozoic formations of the Appalachians, in southern Virginia, between Walkers Mountain
and the Peak Hills (near Peak Creek Valley) : F, fault: a, Lower Silurian limestone; b, Upper Silurian;
c, Devonian; d, Subcarboniferoua with coal-beds. Lesley.
from the gravity-made downthrow faults by using the term downthrust fault
(E. A. Smith).
The following figures show that after erosion the same surface features
may result from a downthrow (Fig. 112) along a vertical fracture and from
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112.

+LJ

113.

------ ----- ---

T

an upthrust (Fig. 113) along an oblique fracture; the dip of the fracture
plane is here about 25°.
Not unfrequently a flexure changes, in one direction or the other, into a
fault, showing that the force causing the break first produced, as is natural,
a bend. Many examples of such fieaure-faults have been described by Major
Powell, and later by others, from the plateaus
of Colorado, where the absence of vegetation

114.

and soil affords unusual opportunities for ob
servation on the positions and inside con
dition of strata.
A bend (Fig. 114, from

Powell) represents, ideally, the upper layer
of a region of a low anticline in the eastern
part of the iJinta Mountains. The bend in
the part to the right shows that a fracture

Flexure-fault. Powell, '76.
is begun; and in Fig. 115, which represents
the same line of faulting, the actual displacement amounts to thousands of
feet.
A succession of monoclines along faults produces, in the region of the
Colorado plateaus, the features shown in Fig. 116, from Powell; and Fig.
117, from the same region, illustrates a section across a large fault having
two branches.
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Figs. 118, 119, 120 illustrate a flexure-fracture and fault along the syn
cline of an overthrust flexure in the Alps, some thousands of feet in span, as
figured by Heim. It will be observed that the strata became bent without
116.

117.

-

Succession of monocilnes: section across a branching
fault. Powell, '75.

Section across a branching fault.

Powell, '75.

breaking till the flexures of Fig. 118 were produced, illustrating thus the
important fact that the bending of flexed rocks has in all eases gone forward
with extreme slowness. The plane of the flexure from a to h, between the
118

110.

120.
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A fold passing into a fault, from the Alps. Helm, '78.
anticline and syncline, is the plane of greatest weakness, and hence the
fracture. There is usually much stretching, also, and thinning. of the beds
along the fracture. The fault at the bend in Fig. 120 is an upthrust fault,
the stratum m to the right being the same with ii to the left ; and the exist
ing distance between the two is a measure of the extent to which the strata
were pushed up the sloping fault-plane.
Where the flexures are closely
crowded together, the faults may divide up a bed into many parts; and if
a bed of iron ore is in the series, its parts may be so far displaced and cut up
into so small sections as to make it unprofitable to attempt to follow it.
The great upthrust faults made along fractures many thousands of feet
in depth, like those of the Appalachians, have usually taken place along
fracture-planes of small dip-between 20° and 4i°. Downthrow or down
thrust faults, however great the displacement, may occur along fracture
planes of all slopes to verticality.
The region of the great elevations produced along such faults in the
Appalachians has been reduced in general to a level below that of the
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mountain-summits. The faulted region, because a region of fractures, is, in
general, the course of a great valley.
Fissures also are faulted in the several ways mentioned, because they
are in the terranes, and must share in the displacements. They may be
faulted even at the time when they are first made, and faulted at various
later periods.

Besides faults of up-and-down displacement, there are also (1) ion gitu
dinal faults, and sometimes without much change of level in the beds.
More common than either vertical or longitudinal faults are (2) the oblique,
since resistance and pressure would seldom be so equable as to prevent

obliquity.
(3) Horizontal displacement of strata also occur, and sometimes
marvelous
extent. They are produced by a horizontal or oblique thrust
of
shoving terranes over others. In a case reported from the Scottish High
lands, a mass of the oldest crystalline rocks, many miles in length from
north to south, was thrust at least ten miles westward over younger rocks,
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part of the latter fossiliferous.
(4) Bed-plane faults are still another kind, in which the plane of displace
ment is that between two layers or strata. They are produced by the push
ing of one bed or stratum of a series over the surface of that below it. In
the Triassic of East Haven, Conn. (on the borders of New Haven), the
successive beds of the red granitic sandstone (which dip eastward 15° to 20°)
have been shoved over one another upward along the plane of bedding,

producing large and general displacements, and great slickensided surfaces;
and these surfaces have generally a very thin and hard white coating, ap
parently clue to the ground-up feldspar. In the same region, besides these

shoves of layers over one another, there are also ordinary faults with slick
ensided walls; and in many places the rock is in fragments, and all the
fragments, even those no larger than the hand, indicate participation in the
movement by the slickensicles which cover them.
(5) Pressure has sometimes produced a crushing of the rocks along frac
tures, either directly or aided by lateral movement, making what has been
called in the latter case shear-zones.
(6) In the upturning and flexing there has also been slipping, by the
inch and fractions of an inch, along planes of cleavage or bedding, making
slip-faults, and producing also small flexings or crumplings of the beds.
Jointed structure, joints. - A jointed structure is a style of fracturing,
usually on an extended scale, in which there is a degree of system in the
The divisional planes are termed joints.
arrangement of the fractures.
They cut across the stratification, and may have great extent vertically and

The planes of division are often very even, and not enough open
laterally.
to admit the thinnest paper. They may be in one, two, or more directions
in the same rock, and extend, with nearly uniform courses, through regions
The accompanying sketch repre
that are many miles in length or breadth.
sents the falling cliffs of Cayuga Lake, and the fortress-shapes and buttresses
The wear of the
arising from the natural joints intersecting the rocks.
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waters from time to time tumbles down an outer range, and exposes a new
series of structures.
Traversing the surface of a region thus intersected, the joints appear as
mere fractures, and are remarkable mainly for their great extent, number,
LL

:it

121

!1i
Jointed rocks, Cayuga Lake. Hall, '43.
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and uniformity. In case of two systems of joints, -the case most common,
-the rock breaks into blocks, which are rectangular or rhomboidal, accord
ing as the joints cross at right angles or not. The main system of joints is
sometimes parallel to the strike of the uplifts, or else to the range of eleva
tions or mountains in the vicinity, or to some general mountain range of the
continent.
In many cases, a rock is so evenly and extensively jointed as to become
thereby laminated, and in such a case the joints may be easily mistaken for
planes of stratification, especially when the latter have been obliterated.
Sometimes there are sudden transitions from
the regular stratification to vertical joints, as
in Fig. 122. This case occurs in a section of
part of a quartzyte bluff on the railroad near
Poughquag, Dutchess County, N.Y. a, a, a
are ordinary joints in the
is a portion of the rock,
stratification entirely, and
vertically; the transition

stratified rock; b, b
which has lost its
has become jointed
from the stratified

122.
a

a

a

a

a
a

b
Joiuted quartzytc. 1). '72.

to the part b, b is so abrupt that the latter has
the aspect of an intersecting dike, or of a portion of the laminated sandstone
set erect. It occurs in sand-beds, whose grains adjust easily, like shot, to
pressure.
Fig. 124 represents a rock with two cleavage-directios; and 125 a quartz
ose sandstone which has irregular cleavage-lines. These last two cases,
together with that represented in Fig. 122, appear to show that the jointed
structure and slaty cleavage may have a similar origin.
Slaty and foliated structure. -In the slaty structure, or slaty cleavage,
the rock is divided into thin even sheets or lamine, as in the case of roofing
slate or writing-slate. The laminated structure of shales is parallel to the
bedding, and is due to the conditions of deposition and the pressure of super-
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incumbent beds ; but slates have received their structure from lateral pres
sure, and it often crosses the bedding, as in Figs. 126, 127. This structure is
123.
124.
125.

41
b
b71Jointed rock-B. Do la Beche.

also called the foliated structure. The sections represented in Figs. 126, 127
are from the slate region of Columbia County, N.Y.
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Occasionally, the lines of deposition are indicated by a slight flexure in
the slate near them, as in Fig. 127. In other cases there is a thin intermediate layer which does not
126.
127.
partake of the cleavage.
Fig 123 represents an in
terstratification of claylayers with limestone, in
winch the former have

.

\\ \\
\

\ \ \
\
,

.

fT/17t7.W!fhif//l

the cleavage, but the lit-0
Columbia Co., N.Y. Mother, '43.
ter not, though the 1ime
stone sometimes shows a tendency to it where argillaceous.
Sedgwick first detected the true lines of bedding, and ascertained that
the slaty structure was one that had been superinduced upon the clayey
strata by some process since they were first deposited.

The schistose structure of crystalline rocks, or their schistosity, as it is
often termed, may be produced by pressure; and hence all schistose struc
ture, and even the fainter parallelism of the planes of a foliated mineral like
mica, as in granitoid gueiss, are often termed foliated. The regular fractures
produciug a jointed or a slaty structure are named diaclases by Daubrée,
and fractures accompanied by displacement, paraciases.
4.

Calculating the Thickness of Strata.

When strata are inclined, as in Fig. 128, the thickness is ascertained by
measuring the extent along a horizontal surface, and also the angle of dip,
and then calculating the thickness by trigonometry. The thickness of the
strata from a to b is bd, the line bcl being drawn at right angles to the
strata. Measuring ab and the clip, which is the angle bad, the angles and
Or,
hypotenuse of the triangle abd are given to determine one side bd.
with the distance ae, the side ce would be found.
But for correct results, the absence of ftults must be first ascertained.
DANA'S MANUAL - 8
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The figure (128) represents a fault at by, so that the strata 1. 2. .3, 4 to the..
left are repeated to the right; and hence the whole thickness is bd instead
of ce. (vb is the width at surface of
128.
the strata 1, . 3. 1 ; but by the fault,
Ii
3

21,
... /

I

ab is increased to ac.
There may
be many such faults, in the course

of a few miles; and each one would
increase the amount of error, if not
guarded against .
So other faults might go
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creasing the extent of the surface
Let A he a stratum
exposure. This is further illustrated in Fig. 129.
Let it. now he
10,000 feet thick (a to c) and 100,000 feet long (a to b).
faulted, as in Fig. B, and the parts uplifted to a dip of 15°.-taking a
common angle for the parts, for the sake of simplicity of illustration. The
of denudation,
projecting portions being worn off by the ordinary processes
it is reduced to Fig. C. inn being the surface exposed to the observer.
The first error that might be made from
hasty observation would be that there were
four distinct outcropping coal layers (vailing the black layer thus), instead of one;

and the second is the one above explained
with regard to calculating the thickness of
the whole stratum from the entire length
mm in connection with the dip.
Very
often the beds have been shoved up over

one another in the making of a monocline
to such an extent that the faults are almost
or wholly obliterated. A calculation of the
thickness in such a case is impossible.
If the stratum (Fig. 129 A) were in-

A

129.

(I

BmC
a
D
:

::i:

clined 15° without faulting. it would stand as in 1); and if then worn off to
a horizontal surface, the widest extent possible would be Cr, which is less
than half what it has with the three faults. A block of the size mentioned
would require, in order to make it a monocline of 45°, that one end should
be dropped down 70,000 feet, or the other end raised as much, or that this
amount of change should be divided between the two ends; and for a mono
clinal block having a dip of 60°, the. drop-down or upthrust would have to
be nearly 87,000 feet, or more than 16 miles.
Calculating the thickness from
the dip in a region is liable, therefore, to enormous error.
5.

C'onfornuab ilily, Unconformability.
Successive strata in a region may he conformable to one another or uncon
formable. In the series of strata made over the earth's crust, the rocks
of successive periods and ages have, in large parts of the world, been made
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in regular succession, each stratum conformable in bedding to the preceding.
This was true of the 40,000 feet of rock of the Appalachian region (referred
to on page 353), out of which the Appalachian Mountains were finally made.
This is an example of conformability, as the term is used in geology.
Through the long series there is conformity in bedding.

But these conformable strata rest on older rocks that have the bedding
upturned and standing at various angles. Between the two there is uncon
formability in bedding.
Fig. 130 illustrates this subject. The beds 2, 3, 4a, 4b, are conformable
to one another, but unconformable to the flexed rocks numbered 1. The

r

130.
41)
4a
3
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1, Upturned Arcban rocks; 2, 3, 40, 41), overlying strata, conformable with one another, but unconformable
with the Archa,an. Logan.
flexing of the rocks antedated the deposition of No. 2; and knowing the
geological age of No. 2, some approximation is made toward a knowledge of
the time of flexure. There may be three or four cases of unconfrmability
in the same region.
For in each mountain-making epoch, new rocks are
upturned, and the succeeding ones are laid down horizontal, as usual, over
the upturned. Such unconformabilities belong especially to regions of moun
tain-making; for there occur the upturned rocks. Only a few miles away
from the region of the mountain, the rocks that are unconformable in the

latter may rest on one another in regular order, or conformably, as if no
disturbance had anywhere taken place.
The preceding figure has a fault-plane at f, and there is an unconformity
between the beds on each side of it, but not uneonformability. The uncon
formnity introduced by faults is easily mistaken for true unconformability.

Such unconformity is of frequent occurrence in all formations; while uncon
formity in bedding indicates an epoch of mountain-making, a thing of rare
occurrence in the geological history of a region.
Besides this most important species of unconformability, that of the first
kind, there are also two other kinds: (1) through changed sea-limit or
overlap; (2) through surface erosion.
- When, after the deposition of beds, a slight sinking
Through overlap.
of the region takes place, the next deposits there made may extend beyond
In such cases,
the limits of the preceding, and overlap those outside.
horizontal,
there
is
still a degree
although both deposits are approximately
of unconformability.
Oscillations of the land surface, or of the water level,
have gone on through the successive periods, so that unconormity by overlap
is of very frequent occurrence, and of minor significance, though always of
great geological interest.
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Through an interim of erosion. -Between the time of making two sue.
cessive horizontal strata there is sometimes an interval of
exposure to
marine or fluvial erosion, which the worn upper surface of the lower stratum
indicates.
This, also, is uncoiiform ability in geology, and as the interim of
erosion may be long, it is of importance. Yet in all periods, as in that
of existing time, the deposits made during a period may be
extensively
worn away in some large regions before the period has closed; partly worn
away in many places it is sure to be. An uplift of 600 feet in the present
era, putting a coral reef rock this much above the sea, is followed by cave
making and extensive removals. The amount of erosion is no certain
evidence as to the length of time during its progress.
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Deposits are sometimes formed in basins or depressions of the surface.
Such deposits may, in general, be distinguished by their thinning out toward
the sides of the basin.
Yet, when syn
131.
clinal valleys are shallow, it is easy, and
40
not uncommon, to mistake beds that are
conformable with the strata below for such
U0 00,
basin formations.
The beds cb (Fig. 131)

lie in the synclinal valley mn, like a basin
but
were
formed
deposit;
they
before the folding of the beds, and not
after it.
UNSTRATIFIED TERRANES.
The unstratified terranes comprise (1) the great unstratified masses of
granite and other related crystalline rocks; (2) the various masses of ejected
igneous rocks that lie in piles, not having the bedding due to successive
flows, and not making part of any stratified series; (3) masses occupying
fissures in the earth's crust or supercrust, and having thereby the nature
either of dikes or veins.
The facts connected with unstratified terranes are necessarily considered
in Part III. on Dynamical Geology, and remarks here are therefore
unnecessary.

PART

DYNAMICAL

III.

GEOLOGY.

DYNAMICAL GEOLOGY, as explained on page 14, treats of the causes of
events in the earth's geological progress. These events include: I. Those
concerned in the production and modification of the earth's rock structure,
and in the development of its form and features. II. The changes in the
III. The changes through geological time in the earth's
earth's climates.
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vegetable and. animal life. The explanations beyond relate mainly to the
first of these classes of subjects. The succession in climates and in vege
table and animal life is considered only historically, under Historical
Geology.
The chief of the agencies directly concerned in geological work are the
Atmosphere, the Waters, Heat, Chemical Force, and Life, each acting through

or under general physical laws.
The atmosphere and the waters, by means of which most rocks have been
made, valleys excavated, mountains shaped, and a great amount of chemical
work carried on, are the most prominent of the earth's exterior agencies.

Life, in its geological work, is another of the exterior agencies. Heat has
both an exterior and an interior source, with corresponding effects. As
exhibited in igneous ejections and volcanoes it is an interior agent both in
source of material and of force; but the distribution of ejected material has
taken place in part by means of the exterior agencies, water and air. The
agencies that have made continents, oceanic depressions, and mountain ranges
are largely interior in the origin of their forces and in their work.
There are three chief sources of energy for these agencies: -

1. THE EARTH'S ROTATION ON ITS AXIS, and ITS REVOLUTION AROUND
the earth's spheroidal shape, the
THE SUN.
(1) The rotation determining
zones of climate, and the system of
length and alternations of its day, its
movements in physical agencies; (2) the reuol,tion, causing, in case of col
lision with any foreign body (as a meteorite), a manifestation of force in the
production of heat and in violent inecliaiiieal effects.
2. THE SUN: which, through its heat, light, and attraction, is the origin
of movements in the air, oceans, and rivers; the origin of chemical ac
life, and of much chemical work in
tivity and growth in the kingdoms of
117
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inorganic nature; and the chief source of climatal conditions through alt
time since life began; which, further, in conjunction with the moon's
attraction, is the, Origin of the energy-distributing tidal wave, and also,
incidentally to the tidal movement, of tidal friction, with far-reaching,
adverse, and fatal results in the retarding of the earth's rotation.
3. THE EARTH'S INTERIOR HEAT.

Dynamical Geology is discussed beyond under the following heads: I. CHEMICAL WORK, as a means of superficial changes.
II.

LIFE, as a geological agent.
III. TILE ATMOSPHERE, as a mechanical agent.
IV. WATER, as a mechanical agent: under the subordinate heads of
Water in general; Fresh waters; Oceanic waters; Glaciers and
V.
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VI.

Icebergs.
HEAT: under the heads of Sources of heat and their direct cliinatal
effects; Expansion and contraction; Igneous action; Metamor
phism; Veins and ore-deposits.
HYPOGEIC WORK, or earth-shaping, mountain-making,
attendant phenomena.
I.

and

the

CHEMICAL WORK.

Chemical work is given the first place, because superficial chemical
changes have been a prominent cause of the decomposition of rocks, and
thereby one of the producers of the earth, clay, and other fragmental ma
terials which are worked into beds by the mechanically acting air and waters.
It is also a source of superficial rock formations of different kinds. Chemical
changes carried on at temperatures above the ordinary, as those of metamor
phism, are not here considered.
The following is the order of subjects: 1, Solution; 2, Oxidation and
Deoxidation; 3, Hydration, or the chemical absorption of water; 4, Carbonic
acid (C02) and humus acids as geological agents ; , Action of siliceous solu
tions; 6, Chemical work of living organisms; 7, Mechanical work of chemical
products; 8, Coneretionary consolidation.
Of this large subject only a brief review of the more prominent facts is
possible in this place.
SOLUTION.
The water descending in rains takes from the atmosphere its elements
(in the ratio of about two parts of nitrogen to one of oxygen) ; carbonic acid;
some sulphates and ammonium nitrates, especially about cities where there
are coal fires; and three or four parts in 1O,00() of sodium chloride or common
salt in the vicinity of the ocean; besides atmospheric dust, enough of which

is from organic sources to make the waters offensive after standing a few
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days. It gathers other materials as it flows, taking them from the soil and
its organic decompositions, and from rocks or minerals, and especially where
decompositions are in progress. It finds soda and potash in rocks containing
feldspars; lime and magnesia, in limestones and also more or less in many
other rocks, fragmental and crystalline; and various other materials in these
and other rocks.

Among the materials gathered up, the chief are calcium
carbonate; salts of iron; magnesium, sodium and potassium carbonate, sul
phate or chloride; calcium chloride; humus acids from the soil; and carbonic'
acid from the soils and other sources; besides, more sparingly, aluminum
Besides the gas carbonic acid, the waters often
sulphates and lithium salts.
receive and discharge hydrogen sulphide and nitrogen, and sometimes the
gases hydrogen and oxygen. The gatherings depend on the kinds of rocks
washed by streams, both those of the surface and those of subterranean
source. It was long since recognized that, through the gathering action of
fresh waters, a lake without outlet might become saline, like the sea.
The desert and semi-desert regions of the world often illustrate through
the efflorescences that exist over the surfaces of old lake basins, as well as
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the salts in the waters of lakes, what solvent work the waters have done.
The Great Basin'in the west has been studied with reference to this subject
by King, Gilbert, Russell, and others. The moisture below comes up by
capillary action; and,
excessive dryness and
the production of the
common salt (NaOl),

as evaporation above is almost constant, owing to the
heat (9Q0 F. the mean over part of it for July), so also
salts is in constant progress. The most abundant are

carbonate, and borates.

sodium carbonate and sulphate, with often calcium

From one of two samples of the saline deposits from the Lahontan region analyzed by
Dr. T. M. Chatard were obtained, as cited by I. C. Russell, 7269 per cent of sodium carbo
nate (Na.2O.CO), 1740 of sodium sulphate (Na2O.SO), 415 sodium borate (NaO.B4O8),
253 sodium chloride (NaC1), 118 potassium chloride (KCI), and F96 silica. In the
other: 906 Na.20.C02, 2705 NaO. SOS, 100 NaO.B4O6, 5932 NaCI, 1.39 KC1, and 2'18
8i02. In deposits of the dried-up Sevier Lake, south of the Great Salt Lake, Dr. 0.
IAnw obtained, as reported by G. K. Gilbert, (1) from those of the center of the lake:
sodium sulphate 8705, sodium carbonate 108, sodium chloride 234, with water 890=
goo7; (2) from the middle or 3d layer of those of the margin, sodium sulphate 8379,
sodium chloride 13-84, magnesium sulphate 1-33, potassium sulphate 026, with water O78=
100; from a layer overlying the last, (4th layer) sodium sulphate 27l, sodium chloride
8849, magnesium sulphate, potassium sulphate O11, water *40=100. The above are a
few of the published analyses. These saline materials were once in solution in lakes of
the region that are now dried up.
Salt lakes are in some cases remnants of the ocean that once covered the
land. But in the Great Basin, according to Gilbert, the saline ingredients
have come from the soil and rocks of the region.

Mineral springs, or sources of water holding mineral ingredients in solu
tion, are hence universally distributed. They include "pure" waters as well
The latter contain some mineral salt
as the so-called "mineral waters."
affect the taste; and they are most
generally in sufficient quantities to
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valued when sodium chloride is mostly absent, and when carbonic acid gas
is present to give briskness to the waters.
The ocean is the great mineral spring of the world; and Artesian borings
over the land very often show, by bringing salt water to the surface, that
more or less sea water has generally been left along with the beds. About
3

is
per cent of sea water consists of soluble salts, and of these over
water
a
common salt.
When sea
flat shore becomes temporarily
along
confined so that it can evaporate, the salts are deposited; first gypsum or
anhydrite, which goes down, according to Ursiglio, when the Beaumé areoineter
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stands at 16.75°; and then the common salt when it is at 26.25°. While this
is depositing, the remaining solution, which is above, holds the magnesium
sulphate and chloride, with the calcium chloride, and the iodide and borate,
and is called the "mother liquor" or "bittern"; and it is all nearly ready
for deposition, the borate. being among the latest although not the least solu
ble.
Magnesium sulphate and magnesium-potassium chloride (earn allite)
make much the larger part of the final depositions. But a new supply of
salt water at this stage may prevent deposition from the bitter magnesium
solution; or the latter may he gradually drawn off to mix again with the
sea water, or for deposition elsewhere. Common salt dissolves in about three
parts of either hot or cold water; magnesium sulphate, in about four parts
at 32° F., but in one third as much water at 212° F.
Sodium sulphate is
most soluble in warm water; hence the waters of the Great Salt Lake deposit
it if cooled down to 20° F. (Russell).

The making of salt In large shallow lagoons or "salt-pans" along seacoasts, out of
water let in at high tide and then confined for a time, is a common thing under the hot
sun of tropical countries. The same process -solar evaporation -is used in ninny regions
of brine springs. On some of the smaller coral islands of the equatorial Pacific, whose
lagoons had become very shallow, there are now beds of gypsum - sometimes two feet
thick-along with salt in places, that were made from the evaporating waters (hague),
showing that the lagoon basins had passed through a salt-pan condition.
The average composition of ocean water salts, in a hundred parts, has been deter
mined by W. Dittinar to be as follows: chlorine 55292, bromine 0188, sulphuric acid
WAS) 6410, carbonic acid 0152, lime 1676, luagnesia. 0209, potash 13:32, soda 41234,
less the oxygen in soda and magnesia equivalent to the chlorine and bromine present
combined with the sodium and part of the magnesium 124t)3 = 1O000; or combining the
acids and bases, the salts are: sodium chloride (common salt.) 77758, magnesium chloride
10878, magnesium sulphate 4737, calcium sulphate 8600, potassium sulphate 2-465,
magnesium bromide O217, calcium carbonate O45 = 10000.
From these results Professor 1)ittmar calculates for the whole amount of salts in the
ocean, as follows, the unit being 1,000,000,000,000 tons: sodium chloride 35,Ot)0,
chloride 6034, magnesium sulphate 211)2, calcium sulphate 1666, potassium sulphate
mag-nesium
1141, magnesium bromide 100, calcium carbonate 160 = 40,283; also total bromine 872
(Dittinar), total iodine 003 (Köttstorfer), t"tal rubidium chloride 250 (C. Schmidt).
The lime alone varies appreciably with the depth. As compared with the amount of
chlorine and bromine (the latter calculable as chlorine), taking the amount at. 100, the limo
at surface (8), at medium depth (rn), and in the deep sea (d) was found by 1)ittmar to
be s, 3O175; m, 3O30O; d, 30308. The amount of carbonic acid in the waters above
what is required for calcium carbonate is large, especially that at great depths; but it is
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not sufficient to convert all the calcium carbonate to bicarbonate. Deep sea water affords
more or less free oxygen. (For Dittrnar's results, see Rep. Chall. Exp., on ocean water.)
The salinity or proportion of salts varies from dry winds, which tend to concentrate,
and from fresh-water streams, which dilute. The area of maximum salinity in the north
Atlantic is the Sargasso Sea, a region of calms between 25° and 35° N. and 300 and 200 W.,
where the specific gravity is 10285 ; while that of minimum is in the region of equatorial
rains between 100 N. and the equator. In the south Pacific there is an area of maximum
specific gravity (102719) about the Society Islands. In general the salinity decreases
downward to 800 or 1000 fathoms, and then increases to the bottom. In the south At
lantic the specific gravity at the bottom is 10257 to 10259, but in the north Atlantic it
is 102616 to 102032 at 2000 to 4000 fathoms (Buchanan). In the Baltic Sea, the salinity
is reduced one half or more by the waters from the rivers, and the maximum specific
gravity is only 10140. But in the Mediterranean, owing to evaporation and an average
rainfall, of but 30 inches, the specific gravity is 10280 to F030; and hence the amount
of saline matters is about 39 per cent to 86 for the Atlantic.
The following are analyses of two river waters, and of two mineral springs, from a
paper by Professor C. F. Chandler. The Croton River (supplying New York City) is from
a region of Archean rocks; the Mohawk, one of Lower Silurian shales, sandstones, and
limestones (underneath) ; and the two mineral springs arise from the Potsdam sandstone.
The amounts of mineral salts are of grains in a U. S. gallon (231 cubic inches = 57,750
grains) ; also mean of analyses of Arkansas Hot Springs, by R. N. Brackett (Ark. Geol.
Survey), temp. 124° and 1465 F.

Potassium chloride
Sodium chloride
Sodium bromide
Sodium iodide
Magnesium chloride .
Potassium sulphate
Sodium sulphate
Calcium sulphate
Magnesium sulphate ..
Calcium carbonate
Magnesium carbonate
Iron carbonate
Silica
Organic, volatile
Total

Croton River,
N.Y.
0402
-

Mohawk,
Utica, N.Y.

Congress Springs, Lithia Well,
Ballston.
Saratoga,

0179
0260
0'158
1648
1100
062l
0670

8049
012
400444
017
8550
0138
- Na. phosphate 0'OlO
0'880
Na. Carb. 10775
057
Li. Carb. 4761
1'31
Ba. Carb. 0928
460
143399
12F757
171
0340
0840
047
trace
164

6'038

1008'

700895

Arkansas
not Springs.
027
02l
045
-

33'276
750030
3'643
0124
0050
0520
1H)28
7750
3'881 Na2CO3 0'04
238150
7,15
180602
113
1581 FeSO4 005
0761
258
trace
1233.2401
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Pure water has very feeble solvent action on rocks except in the case of gypsum and
anhydrite, which yield 1 part to 400 to 500 of cold water. Quartz, feldspar, and other
siliceous minerals are essentially unaffected. Only 2 to 10 parts of calcite are taken up by
100,000 parts. Opal, which is silica in the soluble state (like that of Diatoms, Sponge
spicules, Radiolarians), yields 12 to 15 parts to 100,000 parts of cold water, and much more
to warm water.
The analysis afforded also 0'09 of alumina and iron oxide.
2 This amount contains also 0'867 strontium bicarbonate and 0,077 alumina; and both the
Baliston and Saratoga waters afforded a trace of calcium fluoride and sodium biborate. The
carbonates in these waters are reckoned as bicarbonates. The Congress Spring afforded 3O2"28)
cubic inches of carbonic acid to the gallon, and the Ballston, 42&114.
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Professor A. Corsa subjected the rocks mentioned below, after fine pulverization, to the
action of pure water at 050 F. for several days; the weight dissolved was as follows: Gneiss, from Ragogna, 0'1250 percent; porpliyiltic retinite, from Monte ieva, 0O562;
perlyte, of Monte Sieva, 00624; phonolyte, of Monte Croci, 03260; trachyte, of Monte
Ortona, 00871; granite, of Montorfano (Lago Maggiore), 00727; granite, of Baveno (Lago
Maggiore), 00000.
Professors W. B. and II. E. Rogers found in their experiments (Amer. Jour. SeL, 1848),
that under the action of carbonated waters, 04 to I per cent of the whole weight under
digestion dissolved in only 48 hours.
Daubre exposed orthoclase from Limoges in small fragments in a vessel containing
twice as much water by weight revolving at the rate of 2550 meters per hour. The water
in 8 days, after revolutions equivalent to a flow of 460 kilometers, contained 252 grams
of potash per liter, along with 003 of alumina and 002 of silica. In salt water (water con
taining 3 per cent of NaCI) there was only a feeble alkaline reaction, incomparably less
than with pure water.
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Water derives its chemical efficiency through the presence of such impurities
as are ready to enter into new combinations. The most common of these
foreign materials are carbonic acid (C02), humus acids, and alkaline ingredi
ents. When carbonic acid is present one part of calcite will be taken U!) by
1000 of water; but in this case the material dissolved is not calcium carbo
nate, but calcium bicarbonate. Again, the presence of soda or potash gives
increased solubility to silica in its soluble or opal state, -the state charac
terizing organic silica.
The least effect from moisture in rocks is diminished resistance to
fracture or cohesion. Part of this is due to the lubricating effect resulting
from the wetting of the grains, in consequence of which they slide over
one another more easily than when dry. On this principle a grindstone is
wet before using it. But in the case of wet rocks there is often, perhaps
generally, a solution of a minute portion of some ingredient of the rock
which becomes solid again on drying. For this reason, sand rocks, whether
calcareous or siliceous, gradually harden at surface from alternate wetting
and drying.
The more prominent destructive effects of water, consequent on its solvent
powers, are: the easy erosion of beds of gypsum; the rapid removal of beds
of salt; and the injury to animal and vegetable life from encroachments of
mineral and marine waters, and to marine life by its concentration on

evaporation in shallow basins. The constructive effects are: the deposition
of salt and gypsum in large beds; and also the local superficial consolidation
of rocks alluded to above.
OxEIATION AND 1)tox1DTIoN.
On account of the very strong attraction between oxygen and nearly all
the elements, and. also because this gas is always at hand in air and water,
it is the most prominent agent in the world's destructive and constructive
chemical changes.
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1. Oxidation in inorganic materials. - The effects that have special geo
logical importance are the slow oxidation of iron, manganese, sulphur, and
some other elements, which takes place in the mineral constituents of rocks
when water and air together have access. Little oxidation takes place under
water. The iron of minerals undergoes easy oxidation when it is present in
the protoxide state, FeO, or when combined with sulphur.
The protoxide
state is the unstable state of iron. In oxidizing it combines with one half
more oxygen, and becomes the sesquioxide, Fe203. This iron oxide is the
mineral hematite having a red powder, if free from combined water; but, if
containing water, limonite, which has a yellow or yellow brown color when
powdered, if not before (page 71). The latter rust-colored oxide is like that
which is produced when the metal iron rusts. But the rust may contain

some carbonate besides the iron sesquioxide.
In a similar manner, when a mineral contains manganese protoxide,
MnO, the Mn tends to become Mn203 or Mn02, compounds that have a black
powder. Black stains, and black crusts on marble and other rocks, after
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weathering, usually come from time oxidation of some manganese in the rock.
The oxides FeO and MnO are unknown except in combination. But
magnetite, Fe304, is common in disseminated grains in many rocks, besides

sometimes constituting thick beds; it often oxidizes slowly to the sesqui
oxide, Fe203, producing hematite or limonite.
Again: the iron sulphides, pyrite and marcasite, each FeS2, oxidize
readily, and especially the latter, as shown by Julien; the iron, Fe, becom
ing FeO, if there is an acid ready to combine with it, but otherwise Fe203;
the sulphur, S, becoming SO3, and, with ached water, sulphuric acid. This
acid, with the FeO and water, may make the iron sulphate, copperas; but
If there is
it may combine also with Fe203, and make other sulphates.
limestone at hand, the SO3, or sulphuric acid, may combine with the lime
and water, and form gypsum, and may thus make beds of gypsum. When
pyrite and marcasite are mixed together, the marcasite makes oxidation

easy (Julien).
2. Oxidation in organic materials, and other chemical changes.-When
life ceases, all organic materials tend to decay; and in this decay, oxidation
is the chief process, and oxides the larger part, or all, of the final results.
Wood, when thoroughly dried, consists approximately of carbon (C) 4966,
with traces of sulphur (5) and
hydrogen (H) 621, oxygen (0) 43O3,
fats contain the same elements,
phosphorus (P), nitrogen (N) 110. Animal
and animal tissues the same with much nitrogen.
In dried wood, the C, H, 0 are atomically in the proportions nearly
be that of the wood, or of the
C6H904. In decay, the oxygen used may
The C may combine with 0 and make
atmosphere or other substances.
carbon protoxide, CO, the gas which burns with a blue flame in a furnace;
but it generally combines with 2 0, making the more stable and incom
bustible compound C02, or carbonic dioxide (carbonic acid). The H may
unite with 0 and form water, H20. But instead of all the C combining
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with 0, part, especially when the decomposition goes on under water, or
where atmospheric oxygen is excluded, may combine with H and produce
the hydrocarbon CH4 - called marsh-gas, because sometimes bubbling up

through marsh waters; it is the gas which burns and makes the flame of a
wood fire. Other related hydrocarbons also might form. But the burning
of this gas when complete ends in producing CO., and H20.
This is the final
result when plants decompose in the air, except minor results from the

nitrogen (N) and sulphur (S) present, among which are making, with
the nitrogen, ammonia, NH3; and, with oxygen, nitrous acid (N203), and
nitric acid (N203) ; and making, with the sulphur, hydrogen sulphide (sul
phuretted hydrogen) H2S, and with oxygen, sulphurous acid (80,2) and
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sulphuric acid (SO,).

In smothered combustion (as in making charcoal by burning wood under a cover of
earth), nearly all the H and 0 disappear as CO, 002, and 1120, without, a consumption
of all the carbon; and this happens when plants decompose under a complete covering of
water or earth, because this excludes the air and confines the changes to the elements of
the plants; and the more complete the protection, the greater will be the proportion saved
of carbon and hydrogen, the combustible elements for the making of coal. With reference
to the making of mineral oil or gas, it is to be noted that if the outside air is wholly
excluded through overlying fine sediments, they may be produced by the direct decomposi
tion of woody tissues or of animal oils. Thus, if the carbon of the wood (CH904 nearly)
combines with all the oxygen, making thereby 2C02, it will leave C41I, and 2C4 H9 = C81118,
which is the composition of some mineral oil. So in animal oils, as oleic acid, C18F13402,
on separating C02, there would be left C17H34, one of the ethylene oils; or from margaric
acid, C17H8402, the product would be C16H34, or a combination of marsh-gas oils. Fossil
fishes are often numerous in coaly beds that afford much oil. (D., Mm., 1868, p. 720.)
In the change to ordinary bituminous coal the loss in the hydrogen of the wood,
proportionally to that of the carbon, is about two fifths, and that of the oxygen about
four fifths-about 55 per cent of such coal (ash excluded) being hydrogen, and 12 to 15
per cent oxygen, with 80 to 81 per cent carbon.
The carbonaceous products from the decomposition of plants and animals
give the black color to soils. In wet soil, other acid products sometimes
form, called humus acids, from the Latin humus, soil, or earth.
The returning to the air of the constituents of a plant, by decay, in the form of
carbonic acid and water, is restoring what was taken and used in the growth of the plant
and balancing the account. The storing of part of the carbon and hydrogen in the
rocks in the form of coal and mineral oil and gas was an abstraction of carbonic acid from
the air, and commenced a debit account which use in combustion by man is doing only a
little in the way of settling. Happily the world is better off for the purification of its
atmosphere.
3. Deoxidation, or the abstraction of oxi,qen from a compound by any oxi- Most deoxidation in nature is done by organic
dizing substance at hand.
substances through the process of decay above described. The affinity in the
carbon and hydrogen of the plant for oxygen is so strong that it will take it
away from iron oxides or salts, and many other kinds. It may take 0 from
Fe203 and reduce it to FeO; so that if there is then an acid at hand for corn-
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bination, as carbonic acid, it may take the FeO and make iron carbonate. Or
if the acid is a humus acid,, this acid
may combine with the FeO, and, as such
is
a compound
soluble, the waters may
carry it to the marshes for deposition
and re-oxidation.
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Since the compounds so made are colorless or
nearly so, fragments of a
in
a
rock
plant
may whiten the rock around them, thus making blotches in
red sandstones, or a zone may be bleached around stems and roots. Also,
the soaking down of soil waters may make a whitish streak
along the top
of the less permeable layers.
In like manner iron sulphate or copperas,
FoO.S03.7 aq (which oxidation of FeS2
often produces, as above explained), may be deoxidized and reduced to FeS2; that is, either
pyrite or marcasite. Fossil wood may be replaced by pyrite or marcasite as decomposition
goes on, and shells may be changed in like manner, as acid waters at hand dissolve and
remove the calcareous material.
Calcium sulphate, or gypsum, is, by similar deoxidation, converted into calcium sul
phide, CaS; zinc sulphate, into zinc sulphide, 'inS, the mineral, sphalerite; and lead
sulphate, into lead sulphide, PbS, which is the common lead ore, galena. After the deox
idation of a sulphate, as gypsum (calcium sulphate), to calcium sulphide, the re-oxidation
of the sulphide may take place, and hydrogen sulphide (suiphuretted hydrogen) may result
through the agency of the water at hand, thus: Ca takes oxygen from the water, making
CaO, or lime (which may combine at once with Co. to make CaO.C02, or calcium carbo
nate), and the sulphur, S, takes the hydrogen thus set free front the water, making Si!2,
or hydrogen sulphide (suiphuretted hydrogen) ; for CaS+ 1120=CaO-l- 1125. This is the
ordinary process by which the gas of sulphur springs is made, as for example those o
western New York and Virginia.
By the oxidation of the hydrogen of the hydrogen sulphide making H20, or water, tne
sulphur, 5, becoimies deposited. This is a very prominent source of sulphur; and i
accounts for its frequent association with gypsum and limestone.
Further, hydrogen sulphide, S11 (suiphuretted hydrogen), by action on zinc sulphate,
will deoxidize the sulphate and make zinc sulphide; on iron sulphate, it will make an iron
sulphide ; on lead sulphate, lead sulphide.
But under warm and moist conditions the sulphur may oxidize and make sulphuric acid,
S03+water; and some sulphuric acid springs in New York have this source. Gypsum
may be formed by such waters if limestone is within their reach. Pfaff states that at
depths in water under a pressure of 40 atmospheres anhydrite will probably form, and not
gypsum. Anhydrite is gypsum minus the water.
It may be added that sulphurous acid, SO-., is formed by the combustion of sulphur
(as in volcanoes) ; and when this gas comes into contact with hydrogen sulphide (SH-2),
the sulphur of both is deposited, the oxygen and hydrogen combining to form water; and
this is one source of the sulphur about volcanoes.
With heat, carbon deoxidizes iron oxide and oxides of other metals, producing the
pure metal.
4. Destructive eflècts. -Since nine tenths of rocks not limestones contain
one or more of the common iron-bearing silicates, pyroxene, hornblende (or
other species of the hornblende family), or black mica, and almost all rocks
have a sprinkling of pyrite or inarcasite, the oxidation process is all-pervading
in its destruction.
The presence of water and air being necessary, the more
The rocks where the
porous the rock, the deeper and more rapid the decay.
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destructible mineral is a chief constituent become covered with a rusty crust
which is ever encroaching inward ; and this crust is slowly reduced to a
rusty earth, having patted with all soluble ingredients; or, losing the rusting
mineral, it finally falls to earth or sand. A porous granite or guciss contain
ing black mica may become deeply rusted, and finally reduced to, a weak mass
of quartz and unaltered feldspar, - good material for a graiiitie sandstone.
If marcasite or pyrite is present in any rock, there is not only oxidation,
but corrosion from the sulphuric acid that may be formed, which attacks any
lime present in the minerals of the rock, or any magnesia, or potash, or soda,
or alumina, and makes sulphates with each. The aluminum sulphates are
alums, but strictly so only when potash, soda, or some other base is also
present. Some beds of shale containing iron sulphide are impregnated or
interlamuinated with alum which has been thereby made, the shale affording

the alumina of the alum.
Limnestones, even the whitest of marbles, often contain a trace of iron
or of manganese in combination, and occasionally masses of the iron car
bonate, siderite.
The iron carbonate, unless in a massive state, readily
oxidizes ; and so also does the iron of the limestone on exposure for a few
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months; and this is a commencement of the change in the whole mass to
limonite. The work in progress is illustrated by Fig. 132, representing an
132.

133.

4

Impure limestone decaying to ilmonite.

'. ,z.._.. -

Same. with calciferous schlat. D.

impure ferriferous limestone as it appears where the alteration is going
on at the Arnenia Ore-pit, N.Y., southwest of Salisbury, Conn.; and Fig.
133, the same, with time calciferous schist adjoining also changing.
If one
of
iron
is
per cent
present, a limestone will rust and decay; if as much man
ganese is present, it will become covered with black stains. The massive
siderite changes slowly over the surface and in rifts.
Limonite - the yellow-brown oxide of iron, or yellow ocher - is the most
common result of the oxidation; but hematite, of red-ocher color, is often
Nearly all red, yellow, and
produced in warm and rather dry (1iIIlates.
brown rocks, sand-beds, or earth-beds, owe their color to iron in one of
these two forms.
Oxidation of the iron in pyroxene gives the yellow-brown frOnts to trap
bluffs - not their gray and black tints, which are due to lichens; and has
spread delicate surface shades of red and yellow over sandstone., in the
Yellowstone Park, and other dry parts of the Rocky Mountains, through
the oxidation of the little iron inside.
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This oxidation process, and other methods of decay,
go on with greatest
in
the
fissures
of
rocks, below a surface of soil, because the descend
rapidity
surface
waters
them
almost continuously
ing
keep
wet; and it is under such circumstances that a rock
which is much fissured or jointed becomes re
duced to a pile of great bowiders with rusty earth
between, as illustrated in the figure annexed
'1h(.1
balls of rock here represented are very common in
)f
decomposing rocks from granites and trap to sand
stones. They
lucy are simply a result of surface decay
The
along the many planes of fracture (Fig. 134).
or
oxidation
at
first produces a thin discolordecay
of
surfaces,
as in the lower part of
ing
adjoining

-

)'
I

)

'
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the figure; and this continues, eating off the angles, which are attacked from
three directions, until a bluff of solid rock becomes apparently a pile of great
bowlders.
With the progress of the alteration, the discolored portion
becomes banded with yellow and brown; and as it deepens, the outer part
of the spheroid sometimes separates in concentric shells, precisely corre
sponding with the concentric structure of a concretion. But these concentric
shells are due to the decay that is in progress; and apparently to alternations
in the work of decay dependent on climate and the capillary action above
Rounded stones or bowiders are very often so made.
After
explained.
to
almost permanent
separation from the pile, and therefore from exposure
outside
with
extreme
slowness.
moisture, the masses may decompose
5. Constructive effects. -As the process is a means of reducing the hardest
rocks to earth and sand, it aids in preparing material for new rock-making,
and also in supplying earth and sand for soil and fertility.
Without it, and
one other associated process mentioned beyond, the earth would have had

very scanty geological records and only low-grade life.
This agency has produced, or aided in producing, a large part of the great
and valuable iron ore beds of the world's history, from Archean time onward.
The limonite ore beds (often called by miners "hematite" beds) are among
the products.
They occur of great size and value in West Stockbridge,
Mass., Salisbury, Conn., Amenia and elsewhere in New York, in eastern
Pennsylvania, western Virginia, and farther south to Alabama, as a result of
the oxidation chiefly of a ferriferous limestone, and of any iron carbonate
In the formation of the iron oxide, carbonic
the limestone may contain.

acid is set free, and the weakened calcareous rock is hence readily removed
by percolating waters; hence great cavities are made by the process, ready to
receive the ore as it is produced. Any slates or schists adjoining are also
destroyed by the action.
Iron sulphides have been the source of similar beds, but such ore is
The Amenia ore bed is a good place for
likely to contain some sulphur.
studying the formation of the ore from both a ferriferous limestone and
a massive iron carbonate.
These ore-beds, although superficial, cannot be
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affirmed to be modern; for they have probably been in
progress ever since
the land first emerged from the ocean so that air and water could
begin the
work.
In the destruction of the iron-bearing minerals of surface rocks, the iron

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

oxide combined with a humus acid is often carried into marshes to make
"bog iron ores." The ores thus fornied have much value, although likely
to contain phosphates as impurity, because of the animal and vegetable mat
ters that live and die, or find burial, in swamps.
The consolidation of beds of sand and gravel, or layers of rock, is another
of the constructive effects of the iron oxide that is distributed
through the
material of the beds.
In the simplest form of it, the waters, filtering
through soil and gravel, take up enough oxide of iron to cement a bed of
pebbles lying at a lower level on another layer sufficiently close in texture
to hold the water and give the iron a chance to deposit; and this is one
way in which what is called hard-pan is sometimes made. The underlying
impervious bed is not absolutely necessary to the result, although promoting
it. The pebbles wet with the ferruginous waters, when they dry in times
of drought, take a deposit of iron; and this process may end in complete
consolidation. In other cases the oxide is produced throughout the deposit
under the action of infiltrating waters, and slowly becomes a cement as it
solidifies.
This mode of consolidation without aid of heat is not the most common
nor the most efficient.
The beds of sulphur of the world have been made by the two processes
mentioned on page 125, and chiefly the former.
HYDRATION, OR THE CHEMICAL ABSORPTION OF WATER.
Many minerals take up water on "weathering." But this usually is
an accompaniment of commencing decomposition.
An example of simple
of
hydration
geological importance is the change of auhydrite (CaO.S03) to
gypsum (CaO.S03.2H20). As the minerals are very unlike in cleavage, and
both occur in large beds, the change is strikingly noticeable.
CARBONIC ACID, HUMUS Acms.
1.

General action. -Carbonic acid (C02) is ever present in the atmos
phere, of which it constitutes 3 parts in 10,000 by volume, and in all rain
water, river water, and sea water. It is often given off by mineral springs,
and occasionally escapes in large volumes from fissures in volcanic regions.
In the northeast corner of Yellowstone Park is "Death Gulch," where the
gas rises freely from the waters of Cache Creek, to the destruction of bears
and other wild animals. Butterflies and other insects, besides skeletons of
bears, elk, squirrels, etc., attest to its deadly character (W. H. Weed, 1889).
Death's Valley in Asia Minor, and the Dog's Grotto at the Solfatara near
Naples, are other localities of escaping carbonic acid.
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Carbonic acid is given out in respiration, and is a
product of animal and
vegetable decay; and by this means it becomes distributed through the air
and waters. The humus acids, among the results of vegetable and animal
decay by oxidation, occur in all damp soils in which such decay is going
on. The action of these acids has been studied by A. A. Julien.' They
are effective especially through their
affinity for iron protoxide, magnesia,
lime, soda, potash, and some other protoxide bases.
a. In water, carbonic acid takes up calcium carbonates from any calcareous material,
whether in the state of limestone, or in other conditions, to make calcium bicarbonate
for transportation. On evaporation, the bicarbonate again becomes calcium carbonate.
The amount taken up is increased by the presence of magnesium or sodium sulphate in the
waters (Hunt). The Mammoth Hot Springs contain O6254 parts of calcium carbonate
in lOOt) of water, which is over 4 times as 'much as pure water saturated with carbonic acid
will take up (Russell).
b. Ittakes the bases-potash, soda, lime-out of a feldspar, thus destroying the
mineral to as great a depth in a rock as the carbonated water and air can penetrate,
and reduces it to clay. This is true especially of the potash-feldspars, orthoclase, and
microcline. The same work is done by the humus acids. The clay results thus: Ortho
clase consists of silica, alumina, and potash. In the change it loses the potash and part of
the silica, and becomes silica, alumina, and water. Thus the compound, K20. A1203 . Si6012,
becomes HO.AI2O3.Si2O4, and 1 of water. Half of the water (I-1O) received replaces
the potash (K20) lost.
c. Carbonic acid decomposes other minerals in a similar way, taking out the protoxide
bases. It may thus form a soluble iron bicarbonate in waters, which streamlets may
convey to marshes. But only a trace of this iron salt can be held in waters under the
existing atmospheric pressure. The humus acids also make, with iron, soluble salts, and
do, at present, the chief part of such transportation for the making of bog ores. On the
evaporation of the solvent waters, the iron in each case is usually deposited as hydrous
sesquioxide or limonite.
d. Further: it is supposed that carbonic and humus acids may aid in the oxidation
of the protoxide-iron of a mineral by bringing it to the surface of a mass of porous rocks,
so as to make the oxidation possible.
Destructive effects. - For the reasons stated carbonated water con
taining humus acids has clone a vast amount of eroding work.
- The
lightest work is the drain
(a) Drain inq out by infiltrating waters.
rock.
Calcareous grains are thus
ing of any soluble ingredient out of a
2.

drained from a porous calcareous sandstone, or quartzyte, increasing its
removed from rocks that admit infil
porosity. So also calcareous fossils are
trating waters, leaving the rock cellular. When a crystalline limestone or
marble, a porous rock, consists of dolomite, but contains mixed calcite, all
the calcite grains are drained out because they are the most soluble, and
the rest are left to fall to loose sand, an effect exemplified in many places
over Canaan, Conn., and Berkshire County, Mass. If the fossils of a lime
stone are made of calcite and aragonite (the latter the prismatic calcium
carbonate), the aragonite portion is taken away - a fact first reported by
Shells of the kind referred to are those of the genera Pinna, Mytilus,
Sorby.
1 On the reaction of the humus acids see A. A. Julien, Rep. Amer. Assoc., 1879.
DANA'S 'MANUAL-9
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Spondylus, Patella, Fusus, Purpura, and Littorina, in which the inner pearly
The shells of most Gastropods
layer is aragonite, and the outer calcite.
and of Cephalopods are aragonite; and Corals, including the Miflepores, are
mainly so; while shells of Rhizopods, Echinoderms, and Brachiopods consist
of calcite.
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Further, if the limestone contains iron or manganese combined with the
calcite, carbonated water will bring the iron to the surface, or the iron car
bonate, or the manganese, for oxidation, weakening and discoloring the rock.
The action on feldspar, above mentioned, is a common means of destruction

in the case of granites and related rocks.
(b) Process of draining limited. -But it is also to be observed that these
effects occur only so far as the rocks are porous. The fossils of compact
- common kinds of fossiliferous rocks
argillaceous sandstones and shales
and some dating from the Cambrian-are seldom drained out or injured
at all by infiltrating waters, except when near the surface. The iron and
for a
manganese taken out of some crystalline limestories are removed only
short distance inward; but the process destroys the limestone as it eats in,
and is thus enabled to erode farther. Peel) below the surface the same rocks
are solid and not discolored. All deep-water rocks are moist, but the moist
ure is ordinarily stationary unless a surface drought reaches downward, or
an invasion of heat comes upward from below, when the moisture thus lost
rocks are not
may be later replaced. Even beds of salt in subterranean
dissolved away.
or hiuQus acids
(c) Suface erosion. -Waters containing carbonic acid
eat away the surface of solid limestone, fluting precipices, widening crevices,
excavating caverns. They often leave calcareous fossils pro eeting slightly
above the surface, and develop with great perfection silicified kinds. The

length of the caverns thus made in the Carboniferous limestone of Kentucky,
135.
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Making of caverns In limestone.

Shaler.

a rock 400 to 1000 feet thick, is estimated by N. S. Shaler to amount to
100,000 miles. The work is begun by the descent of waters along joints
in the rock, whenever there is a chance for discharge below, by running
The process and
down or trickling along between layers of the limestone.
result are illustrated in the above figure by Shaler. In the movement of time
waters, the fissure or joint (B) becomes enlarged to a "sink-hole," and exca
Time cml is a great cave, having, it may
vation begins between the layers.
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be, its spacious chambers, high water-falls, and
The
free-flowing rivers.
waters
sometimes
flowing
work also by abrasion; but there is usually little
loose material to transport for the
purpose of abrasion.
In. a similar way limestone cliffs have been chiseled into
ranges of
turrets, and deep recesses and channels made for rivers
through lime
stone strata.
The excavation of the lagoon basins of coral islands has been attributed
erroneously to erosion by the carbonic acid of the sea water.
(ci) Except for surface erosion, limestone consisting of pure calcite, free
from iron sulphides, is a durable rock, whether
uncrystalline or crystalline,
as in the case of the Carrara marble, of which such marvelous structures as
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the Milan cathedral have been made. But a
magnesian limestone or dolo
when
myte,
crystalline, is often easily destructible, because, as already stated,
the porous rock is likely to contain disseminated calcite; and as this is
more soluble than dolornyte, percolating waters carry it off,
leaving the rest
in the state of sand - a bad condition for the marble temple that
may be
made of it. The presence of the calcite can be detected only by observing
whether, at any exposure of a layer in the region of a quarry, it is
turning to sand.
Polished limestone marble containing any chert or other hard mineral,
if employed in out-door ornamentation or on monuments, is sure to weather
rough and become unsightly, and the chert may be made to stand out in
ragged points or knobs. Even the vertical movement of the atmosphere
over polished marbles will in time take off or dim the polish.
(e) Since carbonic acid attacks feldspar as well as other minerals, this
agency, and that of oxidation, leave scarcely any kind of rock safe against
destruction.
Those are safest that are free from iron sulphides, and
especially those that are so fine-grained and compact that water cannot
Hence, the method of testing rocks for porosity by ascertaining
gain access.

how much water they will absorb in 24 hours is excellent.
Some slate
rocks are very durable because of their fine grain and the absence of any
soluble minerals.
Some granites absorb little water, some very much; and

the latter are easily destructible.
3. Constructive effects. - (a) Calcareous deposits. - The most familiar
deposits of this kind are the stalactites and stalagmites of caverns, dripstone
formations; so-called because made by the calcareous waters dropping from
the roofs.
The "Gibraltar rock" is stalagmite. Still more interesting are
the travertine or tufa deposits of streams. Leaves, nuts, and stems are often

petrified by calcareous waters.
The travertine of Tivoli, near Rome, constitutes a large deposit along the
Anio, whose waters are there strongly calcareous. Along Gardiners River,
in the region of the Yellowstone Park, thick limestone deposits have been
made, as is well illustrated and described in the Reports of Hayden's
The calcareous waters, in descend
Geological Survey of the Territories.
a series of parapets at different
ing the slopes of the hills, have made
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levels, inclosing basins, over which the water drips or plunges on its way
to the bottom, as illustrated in Fig. 136.
Travertine is usually sommvil:
cellular and eoneretionarv in structure it not in exterior lot'iiis, unlike the
even-grained material of ordinary limestone.
il3) 6.
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Calcareous formations. Mammoth Hot Springs, Gardiners River.

Phot. by Jackson.

About the lakes of the Great Basin ealcareous deposits have unusual
extent and variety of forms, rising often into groups of rounded columns,
137.

Tufa deposits, Lake Mono.

1. C. Russell.

towers, domes, and other shapes. ()ne example, taken from 1. C. Russell's
These deposit"
Report on Lake Mono (1889), is illustrated in Fig. 137.
are also abundant in other parts of the Basin.
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Some of the travertine deposits of Gardiners River and elsewhere are a
result of the growth and secretions of Conferva-like plants, as explained by
W. H. Weed.
In the Lahontan and
Mono basins, as described
by King and later by

Russell, he material has
often a crystalline form,

the origin of which is
yet unexplained : this
variety is the thinolite
of King
A common
i

,'1

{

\V

represented in

Fig. 138.
The beautiful trans
lucent limestone of Tecali,

138.

Mexico,

often

Thinolite: from Lake Mono. 1. C. Russell.
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wrongly called onyx, because banded in colors when polished, is a calcareous
deposit failing of the coarse and irregular grain of travertine.
(b) Consolidation. -Of still greater geological range is the cementing
work done by calcareous waters.
Ordinary sea water, especially where
shells and corals abound, consolidates sands made from coral and shell into
limestone. The beach sands, drifted sands, and sands over the reefs, when
drying from exposure to the air, become cemented in this way. Conglom
erates are also made of broken corals, shells, and calcareous or other pebbles,
and breceias, in this, as in other ages, out of a talus or any accumulation of
limestone blocks.

The under-water calcareous sands, as those about coral reefs, also become
cemented by the same means, but into a compact limestone like ordinary
limestones, showing usually no sand-like grains in the texture.
(c) DoiomIte-mctking. -Even dolornyte, (CaMg) 08C, owes its origin at
times - if not always -to the conditions that exist in the history of coral
reefs when the magnesia, required to make the calcareous grains magnesian,
could have had no source but the ocean. One case of the kind is reported

of Metia, an elevated atoll, north of
by the author (1849) from the island
Tahiti (Corals and Coral Islands, page 393). The rock is a compact white
limestone. An analysis by B. Silliman proved that it contained 3807 per
The very
cent of magnesium carbonate, the rest being calcium carbonate.
fine texture of the rock indicates that it was made of the finest of calcareous
ooze or mud, such as forms through gentle wave-action in shallow lagoons;
and in such lagoons, mainly shut off from the sea, and therefore in a
the concentrated brines contained the
"salt-pan" condition (page 120),
a state that favored the formation of
magnesium chloride and sulphate in
dolomyte.
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The change, if produced through the magnesium chloride (MgCI), required the removal
of Ca by the chlorine of an equivalent amount of Mg. If this is the true theory of dolomyte-inaking, then great shallow areas or basins of salts-pan character must have existed
in past time over various parts of the continental area and have been a result of the oscilla
tions of the water level. Such maguesian limestoiies contain few fossils, partly because of
the fine trituration, and partly, no doubt, because of the unusually briny condition of the
waters. The frequent alternation of calcite and dolomyte strata would indicate alternations
between the clear-water and salt-pan conditions. Dolomization, in the case of such beds,
has often taken place after partial or complete consolidation; for many dolomytes are
- one eighth to one
exceedingly porous, because of the diminished bulk of the dolornyte
Lower
Silurian dolomytes, 10
tenth. T. S. Hunt made the porosity of several Canadian
to 13 per cent (1860).
Local cases of alteration are well known. Adolf Schmidt mentions such at the lead
mines of Missouri, which he attributes (following Bischof) to the action of magnesium
bicarbonate.
In a memoir on the famous dolomyte region of the Tyrol, Dölter and I-Iörnes, geologists of Vienna, discuss this subject at length, and reach the following conclusions
(1) Some large limestones, weakly dolomitic, may have been made out of those organic
secretions which contain a little magnesia ; (9) minor cases of the production of doloniyte
are due to the alteration of limestone through the introduction of magnesium carbonate
but (3) the larger part of dolomyte formations, whether more or less rich in magnesia, have
been formed from organic calcareous secretions through the action of the magnesium salts
of sea water, especially the chloride.
in mak
(d) Making of clay and soil. -Pure white clay, or kaolin, used
ing porcelain, is sometimes in strata of wide extent; and the common impure
river-valley clays, employed in brick-making and coarser pottery, have no
less value. One of the largest kaolin beds in New England, at New Marl
boro, in Berkshire County, Mass., was probably made by the decomposition of
the orthoclase that was disseminated through quartzyte, and its removal by
in
percolating waters to the bed of a streamlet; for in other localities
Berkshire this result is now going on from the same quartzyte. The absence
of black mica and other iron-bearing minerals insured its being white.
(e) The blanching of red and 'risty rocks by waters containing carbonic acid
and organic acids or materials is a common and important effect. Colored
A
clays are drained of their iron oxide and whitened by percolating waters.
white
deeply rusted block of basalt or granite may thus be made to have a
exterior an inch or more deer).

(1) Again, the impurities of a limestone are soin etimes made a'o ilable .I'
soil, by the continued action of carbonated waters, and the removal thereby of
the calcareous part. Shells and corals contain about 05 per cent of inipuritV
consisting chiefly of iron oxide and alumina; and the action of the rains over
the hills of coral sand-rock on Bermuda, through centuries past, has left a
residuum of red earth which is the soil of the island, as Wyville Thomson
below
suggested. The red ooze or mud over much of the ocean's bottom
2500 fathoms is due chiefly to the removal, in like manner, of the calcium car
bonate of the Globigerin and other Rhizopods, in consequence of an excess
of carbonic acid in the bottom or abyssal waters. The life of the sea-bottom
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has no accompanying vegetation to use up the carbonic acid of respiration
and decomposition, and this gas would therefore become accumulated in its
depressions.

SILICA:

QUARTZ AND OPAL SILICA.

Silica in solution does the greater part of its geological work when aided
Still much consolidation has been carried on
by heat.
by cold solutions,
especially solutions of alkaline silicates, as potassium and sodium silicates.
The former of these silicates is the waterglass of the shops, K20. 4 Si02,
much used for making artificial stone and for other purposes.
Waters percolating through beds of volcanic ashes, by decomposing the

feldspar present, take up silica and deposit it in the form of quartz and
opal, making silicified wood and time. finest of opals. In this way petrified
forests have been made. In Napa County, California, according to the
descriptions of 0. C. Marsh, in 1871, one of the prostrate trunks of the
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silicified forest. exposed to view by the washing away of the tufa and
tufaceous sandstone, was 63 feet long, and 7 feet in diameter. In the Yel
lowstone Park, according to W. H. Holmes, in his paper of 1878, the forest
trunks, from one to ten feet in diameter, are at several horizons in a deposit
of tufa 5000 feet thick, indicating successive disastrous showers of volcanic
ashes, at intervals long enough for the growth of a great forest. In Arizona,
near Carrizo, in Apache County. there is a noted locality which affords aga
tized wood of great beauty, which has been well named Chalcedony Park. In

such cases heat from hot springs may often have given aid; but it is probable
that the temperature in the Yellowstone region was only that of the descend
lug vokanie ashes and accompanying rainfall. The decomposition of the out
side of trap sets silica free, which coats the surface with a whitish pearly
layer of opal silica.
Beds of Diatoms and other siliceous organisms are sometimes converted
by percolating waters into opal. The siliceous organisms that were originally
disseminated in the calcareous materials out of which liniestones and chalk
were made were the source of the flint and ehert, that occur in these rocks.
Siliceous sponge-spicules constitute a chief part. This was early proved for
flint, and for Lower Devonian and Lower Silurian cherts ; but it has been
cherts or flints of all geological
proved to be true, by Dr. 0. J. 1-linde, for

ages, whatever the size of the beds.
The silicification of wood referred to above is in part clue to silica from
siliceous organisms.
The amount of silicification of fossils that has taken place in cold rocks makes it
than has been supposed. Cases of
probable that more consolidation is due to the process
or
quarizyte, making a hard crust,
the liarkiiing of the exposed surface of a sandstone
an
have
important
bearing on the subject. He
described by M. E. Wadsworth (1883),
in
Wisconsin,
which was friable on the
speaks of a block of white l'otsdamn sandstone,
protected side, but on the side exposed to the prevailing storms was nearly a quarizyte;
and a surface freshly exposed by fractures was found, six months later, to be mucb
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indurated. The St. Peter's sandstone afforded similar facts. In one case the cavities
over the exposed surface had a lining of quartz crystals, while the rock a few inches
below had the common friable character. The effects were connected in sonic vty with
weathering processes. In some cases :01 the kind the silica may have come from the
decomposing action of percolating acid waters on feldspar grains sparsely disseminated
through the rock.
Over the cold bottom of the ocean some silicates have been f,irinetl. Among them
are masses or concretions of bronzite, a silicate of magnesia and iron related to pyroxeiie,
and small crystalline groups of Phillipsit.e (Cliristiaiiite ). At depths of 2200 fathoms and
over, the pressure on the bottom is 5000 to 12,000 pounds to the square inch ; and this
may favor the production of silicates, where the siliceous parts of Sponges, Diatoms, or
Radiolarians abound, with the results of the decomposition of volcanic dust and pumice.
Another silicate of common occurrence, forming in shallow water as well as in deep, is
the green-sand called glauconite, a hydrous silicate of iron and potash.
CHEMICAL WORK OF LIVING (i)ic; ursrs.
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Respiration in animals, and also in plants, is a means of introducing oxy
gen from the air to carry on processes of oxidation among the elements in
the structure, and the excretion of carbonic acid is one prime. result. The

growth of green plants, however, depends on a deoxidation process, the car
bonic acid of the air being decomposed in the sunlight by the green color
ing-matter (chlorophyll) of the plant, its carbon forming the food of the
Plants of the Fungus division (Mush
plant and its oxygen being set free.
rooms and the Microbes) are not green (have no chlorophyll), and cannot
get their food directly from the carbonic acid in the air. The chemical work
of life of most geological importance, apart from the making of coal and
related products, is that carried on by the lower plants; and only this is here
briefly considered.
Plants, and especially the lower Cryptogams, contribute chemically to
geological change through their roots or the fibers with which they come
The acidity of roots is often very decided, as is
in contact with rocks.
manifest from the furrows they make in the surfaces of stones, and especially
in limestones. Roots of plants germinated in sand over a slab of nuu1ile
Professor Storer observes that "it is to be
leave an imprint on the marble.
noted that this action by chemical corrosion through the roots is incessant
The lichen Stereocaulon Vesuvianuin, which grows on
and continuous."

rocks, and among them on Vesuvian lavas, affords one ninth its weight of
ash; which from one Vesuvian specimen. according to Roth, contained silica
4641, alumina 1967, Fe003 688, FeO 417, magnesia 523, lime 1ft53, soda
2O2, potash 4O9 = 99OO. For other analyses, see page 75.

The microbes, or Bacteria, are at the bottom in much of the world's chein
istry. They do not get food from carbon dioxide, but, like true Fungi, find
it in other compounds: for example, those consisting of carbon, hydrogen,
and. oxygen, as sugar, starch; or those containing these elements and nitro
gen, etc., as albumen, muscle, or even a mineral sulphate; they taking
the part of the compound required for food, and leaving the rest to
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form other products, at the same time
usually giving out carbonic acid as
a result of the plant's assimilation. The
processes of oxidation and deoxi
dation are carried on by them; and it is a
question whether, in the particular
cases mentioned on the preceding
pages, the changes are not dependent on
the presence of microbes.
They set sulphur free from sulphates (genus
Beggiatoa) ; make ammonia and nitrates (1flcrocoecus nitrficans), deoxidize
nitrates and other salts; aid plants in taking up nitrogen through the roots;
probably aid animals in their digestive processes, besides causing some of
their diseases ; they are the basis of all
processes of fermentation, and
are concerned fundamentally in animal
putrefaction and vegetable decay.
Tyndall proved that flesh would not decay if shut away from Bacteria
the strong affinities of its elements being unable to take a start without
help from these minutest of plants.
The Bacteria are the smallest of
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workers and among the largest of producers.

In garden earth which is free from compost, as T. Leone found, the nitrification process
converts the nitrous acid into nitrate; while, on adding compost, the nitrate is deoxidized,
and ammonia is given out; or in gelatine or other proteid substance and water, the organic
substance is rapidly oxidized, attended by denitrification and the production of ammonia.
Bacteria liquify muscle and coagulated gelatine, and, according to Brunton and Mac
fadyen, by producing a peptone-like solvent; and the same kinds produce fermentation
in starch and similar non-nitrogenous carbo-hydrogen materials.
This organic source of nitrates explains their occurrence in the earth of caverns,
or beneath sheds, and in other covered places; also of the loosening of the sands of sand
stones in such places -an agency that may in time cause a vast amount of degrada
tion and removal.
The native nitrate is usually either sodium or calcium nitrate, but sometimes
potassium nitrate. The latter, which is salt-peter of the shops, is usually made from
the others. In Kentucky caves the calcium nitrate occurs, the caves being in limestone.
Sodium nitrate exists in the district of Tarapaca, northern Chile, over a great extent of
surface, 3300 feet above the sea, in beds several feet thick, which have a covering of earth
,a nd a layer of -nypsum, and contain some common salt. Moreover, underneath the bed
occur common salt, glauber salt, gypsum, magnesia alum, and large quantities of borates;
all of which indicate deposits from hot springs or evaporated sea water. But the source
of the nitrate remains unexplained. This Tarapaca region of western South America is
much like the Great Basin of North America in position, dryness, and saline deposits.

MECHANICAL WORK OF CHEMICAL PRODUCTS.
In oxidation and other processes yielding solid products, particles of the
new material, when formed among the grains of the surface portion of a rock,
or in its rifts, act like growing wedges in loosening and detaching the grains,
and opening and extending rifts. The following figure represents a piece of
quartzyte from Canaan, Conn., divided up, or eptated, by the oxidation

It looks like breccia, in which limonite is the cement; and speci
process.
mens from the region were long so considered. But it was produced by
The rifts were thus widened into
the formation and infiltration of limonite.
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rents; moreover, the iron oxide spread either side, staining the rock, pro
ducing the appearance of very wide rifts. Along one rift there is an open
space from the loss of grains, and in it a crust
139.
of newly formed quartz crystals. The process
often results in pushing the pieces out of place.
Where saline efflorescences -as alums,
alkaline carbonates, or chlorides -are
Iii_
produced in the pores of a sandstone, the surface
rains are successively pried off. Much denucla
tion is thus produced, especially in arid regions.
-The process often makes a series of excavations
along the front of bluffs. The process goes on
most actively in covered places and during the
QuarLzyte eeptarla. D. '84.
heat of the day. A shale often has its lamina
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separated by layers of the salt or oxide, and fragments detached.
Displacement by intrusion of crystalline material is a common
The following figure illustrates a case in which crystals of tourmaline in
mica schist are pushed apart at planes of fracture by intruding quartz (the
dotted portion) from a siliceous solution. After the first deposit of quartz
within the fracture, the additions were made between this deposit and the
adjoining part of the crystal,
and so the wedging apart
went on. A. H. Worthen has
described Crinoids, from the
Keokuk limestone, as split
open and enlarged in this
way, and one Barycrinus that

was thus made a foot in diameter. The tubular stems
are increased four to six di
ameters in the process. The
siliceous solution supplying
the quartz of the Keokuk
limestone was probably not

140.
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Broken crystals of tourmaline displaced by intruded quartz,
Lenox, Muss. 1). '85.

heated.
The displacements may be great when large. masses of a rock undergo
In the change of a bed of
change to a kind requiring additional space.
anhydrite to gypsum the increase of bulk, due to the added water (page 128),
is nearly 60 per cent. Dividing the atomic weight of anhydrite, which is
136, by the specific gravity, 295, gives 461 for the bulk; and that of gypsum.
172, by its specific gravity, 2'33, gives the bulk 738, making thus the gain
in bulk from 461. to 738. The change is hence attended by a breaking
and displacement of any overlying beds of rock. In the change of calcite
to true doloinyte, (Ca-Mg) C03, there is a diminution in bulk of one
winch,
eighth per cent (or one tenth, if the composition is (-Ca Mg) CO,);
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if it takes place in a bed of calcite after its consolidation, would cause fractures, or make the rock porous and thus
capable of holding much mineral
oil (page 134), as in the Findlay oil
region of Ohio.
CONCRETIONARY CONSOLIDATION.
The methods of consolidation that have been mentioned in the preced
ing pages are (1) by calcareous waters; (2) by ferruginous waters; (3) by
siliceous solutions. Liiuestones, and rocks only partly calcareous, have been
consolidated almost solely by the first of these methods. The second method
is feeble in its results, and occurs in gravel deposits. Rocks that are colored
by iron oxide, and appear to have a ferruginous cement, have usually been
solidified by the third method.

Consolidation is often commenced or attended with concretionary consoli
dation, or accretion around centers throughout the mass, as illustrated on

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

Isolated concretions often form in deposits of earth, clay, or other
page 97.
material, when they contain disseminated calcareous grains (derived from
ground shells, or any other source). Percolating waters, aided by the car
bonic or humus acids which such waters are likely to contain, dissolve the
grains and deposit the material, in a drying time, around grains, or any
small object, as a nucleus.
In like manner, concretions of limonite and
iron carbonate are made, if any ferruginous grains or any decomposable iron
bearing mineral is present.
Occasionally other materials make disseminated
concretions.

The form of the concretion is not owing to any central control of the
molecular deposition, but to the regular progress of the superficial accretion,
and to the rate of supply of the mineral solution in vertical and horizontal
directions, together with the shapes of the nuclei.

The. growth of the concentric forms above described is peripheral. There
It commences
is also centripetal consolidation, or from the exterior inward.
outside, owing to outside evaporation and the consequent deposition of the
The agent is commonly ferruginous. This process of
concreting agent.
outside drying is exemplified by the drying away of a spot of milk two
inches or so in diameter on a slab of stone (as observed by the author) the
and makes there the first ring,
evaporation goes on at the outer margin,
material toward it;
capillary attraction inside of this ring contributing
this outer ring completed, another ring begins and forms at the new outer
after ring forms, until the spot of
margin of the milk-spot; and so ring
milk is reduced to a series of whitish rings. On the same principle, shell

after shell may form in a sand-bed penetrated with a ferruginous solution,
because drying is gradual from the outside; or there may be a single outer
shell, with loose sand inside; or a central ball in the loose sand. The center
of the concretion may originally have been a piece of the decomposing iron
solution.
bearing mineral which afforded the ferruginOus
The concentric rings of ferruginOUs coloration in Fig. 141 had probably
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this mode of origin. The two sets of rings were either side of a crack in
the rock, and had together a diameter of about twenty feet.
Fig. 142 represents concentric areolets between mud cracks in an argilla
ceous shale, made by siliceous waters at the time of the consolidation, when
the mud cracks were likewise filled with quartz, a layer of quartz being
142.
141.
/-__

-

fT

I

\
In_.
Concentric discoloration, fliewarra, N.B.W. D.'49.

Concentric structure, Australia.

D. '49.
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deposited against each wall. Whether in this case the concentric consolida
Seashore wear of the
tion was centrifugal or centripetal is not ascertained.
rock brought the structure to view.
See further, on Lithophy&e, page 337.

II. LIFE: ITS MECHANICAL WORK AND ROCK CONTRIBUTIONS.
The making of rocks out of organic contributions, and the protective,
transporting, and destructive effects of life, are the subjects here under
consideration.
GENERAL REMARKS ON ROCK-MAKING.
1.

Materials Afforded by Plants and Animals.

The organic contributions to rock-making are mentioned on page 71.
appears that

It

PLANTS afford Calcareous material for rocks: mainly through Nullipores and Coecoliths,
and other calcareous Algae or the lowest of Cryptogains.
Siliceous material: through Diatoms, and some con fervoid Alge ; and spar
alumina.
ingly through other plants, the ashes of which afford some silica and
carbonaceous materials: through plants of all kinds, but especially those
that flourish in wet soils and marshes, where means of burial are convenient.
ANIMALS afford -

Calcareous material: through Rhizopods among Protozoans; Spongiozoans
with calcareous spicules, to a very small extent; Actiiiozoans, or the Corals
lower Echinoderms or the (Jriuoids
Hydrozoans of the Hydroid section; the
and Cystoids, and other Echinoderms sparingly; Mollitseonis, as the Braeho-
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pods and Bryozoans; Mollusks of all the divisions; Articulates, or Worms
and. Arthropods, very sparingly; and
sparingly, Fishes among Vertebrates,
and very sparingly, other Vertebrates.
Siliceous material: through Radiolarians among Protozoans; and exten
sively, Spongiozoans having siliceous spicules or skeleton.
Carbonaceous materials: sparingly through the decomposition of aquatic
species and the dissemination of organic matters in bottom muds.

Phosphatic materials: chiefly through excrementitious matters; sparingly
from shells of some of the lower Brachiopods, and of Pteropods; sparingly
from tests of Trilobites, Crustaceans, and other Arthropods, and bones of
Vertebrates; and animal tissues. For analyses see page 72.
2.

Relations of the Kinds of Life to Rock-making.

The fitness of species for rock-making depends not only on the amount
and character of their stony secretions, but also on their geographical distri
bution, and this on their relations, as regards growth, to temperature, light,
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moisture, and the composition and mechanical condition of the air, waters,
or soil inhabited; time height over the land, the depth in the water, and all
conditions affecting growth and burial.
Marine species of plants and animals are those most likely to become

fossils, and so to contribute to rock-formations; and, among terrestrial spe
cies, those that live in lakes or marshes, or along their shores or borders.
The reasons are two: (1) Because almost all fossiliferous rocks are of marine
origin; and (2) because organisms buried under water, or in wet deposits,
are preserved from that complete decomposition to which many are liable
when exposed on the dry soil, and are also protected from other sources
of destruction.
Over the land, the chance of burial is very small. Plants and all animal
matter pass off in gases, when exposed in the atmosphere or in dry earth;
and bones and shells become slowly removed in solution, when buried in
Vertebrate animals, as Fishes,
sands through which waters may percolate.
Reptiles, etc., which fall to pieces when the animal portion is removed, require
speedy burial after death, to escape destruction from this source as well as
from animals that would prey upon them.

Among Insects the species that frequent marshy regions, and especially
those whose larves live in the water, are the most common fossils, as the
Neuropters; while Spiders, and the Insects that live about the flowers of the
land, are of rare occurrence. Waders, among Birds, are more likely to
become buried and preserved, than those which frequent dry forests. But,

whatever their habits, Birds are among the rarest of fossils, because they
for as food by numberless other spe
usually die on the land, are sought
cies, and. have slender hollow bones that are easily destroyed. Mastodons
have been mired in marshes, and thus have been preserved to the present
time; while the thousands that died over the dry plains and hills have
left no relies.
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The animals generally of the ocean are little liable to extermination front
changes of climate over the land; and hence some marine invertebrate species
of the early Tertiary, many of the later, and all of the Quaternary, have
continued on until now, while, as regards terrestrial animal life, there were

in this interval many successive faunas.
The lowest species of life are the best rock-makers; namely, Corals, Cri..
noids, Rhizopods, Diatoms, Millepores, Bryozoans, Bracluopods, Mollusks;
for the reason that the structures of only the simplest kinds can consist
mostly of stone and still perform all their functions.
for bulk is more rapid with the minute and simple
higher kinds; for all animals grow principally by the
and when single cells or minute groups of them, as

Multiplication of bulk
species than with the
multiplication of cells;
in the Rhizopods, are
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independent animals, the increase may still be the same in rate per cubic
foot, or even much more rapid, on account of the simplicity of structure.
While, therefore, we may conclude that we have, in known fossils, a fair
though incomplete representation of the marine life of the globe, we know
very little of its terrestrial life, -enough to assure its of its general course

of progress, but not enough for any estimate of the number of living species
over the land; or for safe deductions as to lines of succession.
Geology may have within reach of study fossils representing a twentieth
of its marine life; but it has not more than a thousandth of its terres
trial life.
Some examples of marine accumulation. - (1) Beds of oysters, along with
other living species, exist in the shallow seas, as off the coast of North
America, but in waters too deep for disturbance by the waves. Sands or earth
encroach upon them through the marine currents, but not to the destruction
Afterward, through some geological change, beds of detritus
of the species.
are washed over them, exterminating the oysters and ierliais other species
also. This is one case; and in it the fossils are unbroken.
() In another
place, the relies of the life of the coast, the shells, Corals, Crustaceins, etc.,
live so near the sea level as to be within reach of the waves, and hence they
may be dislodged at times of heavy storms, and iiiay become ground into
and
fragments and sand; or they may he contributed to under-water banks.
some of the shells may be scarcely worn, and therefore good fossils. () In
another case, the worn fragments, coarse and line, may be washed iLl) a heach
and ground fine or coarse by wave action.
(4) Again, the species ma live

over seashore flats which are so shallow that the trituratilig waves act gently,
and all relics thereby become ground to mud, and not one is heft to make a
(ri) Again, where barriers off a seacoast exclude the
distinguishable fossil.
salt water with its marine life, not a sea-relic of any kind may be put into
the accumulating seashore beds until some change of conditions removes the
barrier.

3.

Methods of Fossilization.

In the simplest kind of fossilization there is merely a burial of time relic
Examples
in earth or accumulating detritus, where it undergoes no change.
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of this kind are not common. Siliceous Diatoms and flint
implements are
them.
among
In general, there is a
change of some kind; usually, either a loss, by
of
the
less
decomposition,
enduring part of the organic relic, with sometimes
the forming of new products in the course of the
decomposition, or an altera
tion, through chemical means,
changing the texture of the fossil, or petrify
in
it,
as
the
of
wood
ing
into stone.
turning
The change may consist in a fading or
blanching of the original colors; in a partial or
complete loss of the decomposable animal portion of the bone or shell, a process that leaves
shells and bones fragile. It may be a loss of part of the mineral ingredients by solvent
waters, as of the phosphates and fluorides of a bone or shell; or a general alteration of the
original organism, leaving behind only one or two ingredients of the whole; or a combin
ing of the old elements into new compounds, as when a plant decays and changes to coal or
one or more carbohydrogens, a resin to amber, animal matter to adipocere. It may be
merely one of crystallization.
The change often consists in the reception of new mineral matter into the pores or
cellules of the fossil, as when bones are penetrated by limestone or oxide of iron. Through
this method bones may become as firm as when living, though also much heavier.
The change is frequently a true petrifaction, in which there is a substitution of new
mineral material for the original; as when a shell, coral, or wood is changed to a siliceous
fossil, through a process in which the organism was subjected to the action of waters con
taining silica in solution. In other cases, the organism becomes changed to calcium car
bonate, as in much petrified wood ; and in others, to oxide of iron, or to pyrite ; and more
rarely to fluor spar, barite, or apatite.
The mineral matter first fills the cells of the wood, and then takes the place of each
particle as it decomposes and passes away, until finally the original material is all gone.
Some fossil logs are carbonized at one end and silicilie(l at the other.
The silica in most siliceous petrifactions has conic from siliceous organisms, such
as species of Sponges, or shells of Diatoms, from living species of the period that were
associated with the fossil in the original deposit.
EXAMPLES

OF THE

FORMATION OF STRATA THROUGH
AGENCY OF LIFE.

THE

1. Deposits from Pelagic and Abyssal Life.
1. Plants. - Ordinary seaweeds, although in general
iii the case of
widely over the ocean in some seas, as
Moreover. the shore seaweeds are
the north Atlantic.
the currents. But the supply, while of importance as

littoral species, float
the Sargasso Sea of
often drifted off by
food for the animal

Dredging
species of the sea-bottom, makes no abyssal vegetable deposits.
has brought up no remains of such deposits.
But Diatoms, which becloud the waters of time southern ocean, and there
serve for the vegetable food of Whales, make the great deposits of Diatom
ooze, as already described, besides giving a sprinkling of siliceous shells over
all other parts of the ocean's bottom. These shells, as stated by Murray,
are especially noticeable in the deeper Red ooze, because the carbonic acid,
which removes calcareous relics, leaves them uninjured.
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2. Animals. - Radiolarians or Rhizopods, having siliceous shells, make
Radiolarian ooze in the deeper parts of the ocean.
Sponges contribute
much silica in the shape of sI)icules and skeletons to deposits from shallow
depths to the lowest. Globigerin with other Rhizopods make Globigerina
ooze, especially between depths of 1500 and 2900 fathoms, but not in the
higher latitudes. Pteropods are a characteristic of other bottom deposits
between 500 and 1400 fathoms.
But besides these characteristic species there are also the solitary Corals,
the Echinoderms, Mollusks, and various other abyssal species, giving
variety
to the fossils of the sea-bottom. There are also at the bottom the 'relics of
the great variety of pelagic species which after death escape feeders and
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sink to the bottom. Murray says that, in the course of time Challenger cruise,
over 600 Sharks' teeth (genera Careharorlou, Ox?p'hi1a, and Lamna) and 100
ear-bones of Whales (genera Ziphias, Bulrnoptera, Balcena, Orca, and Del
phinus), along with 50 fragments of other bones, were obtained in one haul
of the dredge in the central Pacific.
The locality was, however, not in
either of the organic oozes mentioned, but in the "Red ooze"; and the
phosphatic nature of bone was its protection from carbonic acid. Along
the course of the Gulf Stream and of its abundant life, the bottom deposit is
largely earthy or "terrigenous," and sometimes contains stones of considera
ble size which were distributed by the floating ice of the Glacial period.
The blue and gray muds of the sea-bottom, which are common in the

Pacific, are due to the volcanic dust, cinders, and pumice with which it has
been sprinkled by the ocean's aerial volcanoes, and to their decomposition;
and Phillipsite (page 136) is found chiefly in the areas of the Red ooze.
2. Deposits from Littoral Species.
The process of limestone-making by shells and corals is essentially
the same in its more important steps, and therefore only the latter is
here considered.
CORAL FORMATIONS.
Coral formations are made from the calcareous secretions of coral-making
polyps, with large contributions from the shells and other relics of the
littoral fauna.
Coral formations, while of one general mode of origin, are of two
kinds: 1. Coral islands. - Isolated coral formations in the open sea'.
2. Coral reefs. -Banks of coral, bordering other lands or islands.
The positions of the coral-reef seas and the causes of limitation are
explained on pages 46, 56, and illustrated on the chart, page 47.

The exclusion of corals from certain tropical coasts is owing to different
causes: - (1) Cold extratropical oceanic currents, as in the case of western
South America (see chart).
(2) Muddy or alluvial shores, or the emptying
of large rivers; for coral-polyps require clear sea water and generally a solid
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foundation to build upon.
(3) The presence of volcanic action, which,
occasional
submarine
through
action, destroys the life of a coast.
(4) The
of
water
on
depth
precipitous shores; for the reef-making corals do not
grow where the depth exceeds 150 feet.

For the last-mentioned reason, reefs are
prevented from commencing
to form in the deep ocean. But if by other accumulations, or in any other
way, the bottom is brought up to the limiting distance from the surface,
Corals may commence the making of reefs.
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Coral formations are most abundant in the tropical Pacific, where there are 290 coral
islands, besides extensive reefs around other islands. The Paumotu Archipelago, east of
Tahiti, contains between 70 and 80 coral islands; the Carolines, including the Radack,
Ralick, and Gilbert groups, as many more; and others are distributed over the interme
diate region. The Tahitian, Samoan, and Fiji Islands are famous for their reefs; also
New Caledonia and the islands to the northwest. There are reefs also about some of the
Hawaiian Islands. The Laccadives and Maldives, in the Indian Ocean, are among the
largest coral islands in the world. The East Indies, the eastern coast of Africa, the West
Indies, and southern Florida abound in reefs; and Bermuda, in latitude 320 N., is a coral
group. Reef-forming Corals are absent from western America, except along the coast of
Central America as far north as the Gulf of California, and they are mostly absent from
western Africa, on account of the cold extratropical currents that flow toward the equator:
for the same reason, there are no reefs on the coast of China. (See the Physiographic
Chart.)
1. Coral Islands.
1. Forms. -Atolls. -A coral island commonly consists of a narrow rim of
reef, surrounding a lagoon, as illustrated in the annexed sketch (Fig. 143).
143.

Coral island, or atoll.
Such islands are called atolls, - a name of Maldive origin.
Iaps of two
the
rim
of coral reef, the salt
atolls are given in Figs. 144, 145, showing
of
form.
water lake or lagoon, and, the variations
They are never circular.
144.

145.

ATOLLS.-Fig. 144, Apia, one of the Gilbert Islands ; 145, Mencbikoff, one of the Carol Ines.
The size varies from a length of fifty miles to two or three; and, when quite
small, the lagoon is wanting, or is represented only by.a dry depression.
DANA'S MANUAL-10
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The reef is usually to a large extent bare coral rock,
swept by the waves
at high tide. In some reefs the dry land is confined to a few isolated
points,
as in Fig. 145, in others, one side is wooded continuously, or 1Lc;ir]v so. while
the other is mostly bare, as in Fig. 141. The higher or wooded side is that
to the windward, unless it happens to be under the let' of another island.
On the leeward side, channels often open through to the lagoon (e. Fig.
which, when deep enough for shipping, make the atoll a harbor ; and some
of these coral-girt harbors in anidocean are large enough to hold all the fleets
of the world.
Fig. 146 represents a section of an island, from the ocean (o) to the
lagoon (1). Oii the ocean side, from o to U, there is Shallow water for some
distance out (it may be a quarter or half a mile or more) ; and, where not
too deep (not over 150 feet), the bottom is covered here and there with
growing corals. Between a and b there is a platform of coral rock, mostly

bare at low tide, but covered at high, having a width usually of about a
146.
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a

j.

Section of a coral Island, (ruin the ie'au (u to the Inioon (f).
hundred yards: there are shallow pools in many parts of it, abounding ill
living corals and other kinds of tropical life: toward the outer margin, it is
quite cavernous; and the holes are frequented by Crabs, Fishes. etc. At b

is the white beach, six or eight feet high, made of coral sand or pebbles and
worn shells:
to d is the wooded portion of the island. The whole width,
from the beach (b) to the lagoon (e), is commonly not over 0() or 400

At c is the beach on the lagoon side, and the commencement of
yards.
the lagoon. Corals grow over portions of the lagoon, -although. in general,
a large part of the bottom, both of the lagoon and of the sea outside, is of
coral sand.
Beyond a depth of 150 feet there are no growing corals, except some
kinds that enter but sparingly into the structure of reefs.
2. Coral-reef rock.-The rock forming the coral platform and other parts
of the solid reef is a white limestone, mu:ule out. of ('orals and shells.
In
some parts it contains imbedded Corals; in others, it, is as tmpaet as any
Silurian limestone and without a fossil of any kind, unless an occasional
shell.
The compact non-fossiliferous kinds are formed in the lagoons or
sheltered channels; the kinds made of broken corals, on the seashore side,
in the face of the waves; those made of corals standing as they grew, in
sheltered waters, where the sea has free access.
Large portions are a coral

and shell conglomerate.
3. Coral beach-rock.-The beach-rock is made from the loose coral samuis of
the shores, which are thrown up by the waves and winds. The sands bt'eoine
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cemented into a porous calcareous sandstone, or, where pebbly, into a coral
It forms layers, or a laminated bed, along the beach of the
pudding-stone.
lagoon, and also on the seashore side, sloping generally at an angle of five
to eight degrees toward the water, but sometimes at a larger
angle, this
on
the
of
the
beach
at
the place. The rock is sometimes
depending
slope
an oolyte, owing to' the coating of the grains with the calcareous cement as
solidification goes on. Oölyte is especially common where accumulations of
sand make large sand-fiats partly emerged at low tide.
4. Formation of the coral reef. - A reef-region is a plantation of living
corals, in which various species are growing together in crowded thickets,
or in scattered clumps, over fields of coral sand. Besides corals and shells,
there are also calcareous plants, called Hullipores, growing over the edge of
the reef, in the face of the breakers, as shown by Darwin, and attaining
considerable thickness. Even the delicate branching kinds sometimes make
thick beds, as observed by Agassiz in the Florida seas. Bryozoans add a
little to the material, occasionally making large massive corals. In Paleozoic
time, both branching and massive kinds contributed largely to limestone
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formations.
. Action of the waves.-The waves, especially in their heavier move
ments, sweeping over the coral plantations, may be as destructive as winds
over forests. They tear up the corals, and, by incessant trituration, reduce
the fragments to a great extent to sand; and the debris thus made and ever
making is scattered over the bottom, or piled upon the coast by the tide, or
swept over the lower parts of the reef into the lagoon, or drifted off by the
currents for deposition elsewhere. The corals keep growing; and this sand
and the fragments go on accumulating: the consolidation of the material
thus accumulated makes the ordinary reef-rock.
Thus, by the help of the
waves, a solid reef-structure is formed from the sparsely growing corals.
Where the corals are protected from the waves, they grow up bodily to
the surface, and make a weak, open structure, instead of the solid reef-rock;
or, if it be a closely branching species, so as to be firm, it still wants the

compactness of the reef that has been formed amid the waves.
6. History of the emerging atoll. - The growing corals and the accmnulat
ing debris reach, at last, low-tide level. The waves continue to pile up on
the reef the sand and pebbles and broken masses of coral, -some of the
masses even 200 or 300 cubic feet in size, - and a field of rough rocks
begins to appear above the waves; and finally a beach is completed. The
sands, now mostly above the salt water, are planted by the waves with
seeds; trailing shrubs spring up; and afterward, as the soil deepens,
palms and other trees rise into forests, and so the finished atoll receives
its foliage.
The windward side of such islands is the highest, because here the winds
and waves act most powerfully. But where the leeward side of one part of
The
the year is the windward of another, the two may not differ much.
tides
over
the
reef,
into
the lagoon,
water that is driven by the winds or
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tends by its escape to keep one or more passages open, which, when suffi
ciently deep, make entrances for shipping.
2.

Coral Reefs.

The coral reefs around other lands or islands rest on the bottom along
the shores. They are either fringing or barrier reefs, according to their
position. Fringing reefs are attached directly to the shore, while barrier
reefs, like artificial moles, are separated from the shore by a channel of
water. The island represented in Fig. 147' has a fringing reef (f), and a
barrier reef (b) with an intervening channel. To the right of the middle
the reef is wanting, because of the depth of water; and, farther to the right,

there is only a fringing reef. Fig. 149 is a map of an island with a fringing
reef; and Figs. 150-152, others, with barrier reefs. At two points through
the barrier reef, in Fig. 147, there are openings to harbors (ii). The chan
nels from harbor to harbor around an island are sometimes deep enough
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View of a high Island with barrier and fringing reefs.
for ship navigation, and, occasionally, as off eastern Australia, fifty or sixty
miles wide; but they are generally too shallow for boats. The barrier some.
times becomes wooded for long distances, like the reef of an atoll; but
commonly the wooded portion, if any exists, is confined to a few islets.
Barrier and fringing reefs are formed like atoll reefs; and special explana
tions are needless.
The reefs adjoining lands have sometimes great width. On the north
In
side of the Fijis, the reef-grounds are five to fifteen miles in width.
New Caledonia, they extend 150 miles north of the island, and 50 south.
making a total length of 400 miles. Along northeastern Austialia, they
stretch on, although with many interruptions, for 1000 miles, and often
at a distance, as just stated, of 50 or 60 miles from the coast, with a depth
of 300 or 360 feet between. But the reefs, as they appear at the, surface,
even over the widest reef-grounds, are in patches, seldom over a mile or two
broad. The patches of a single reef-ground are, however, connected below
by coral rock, which is struck, in sounding, at a depth usually of 10 to 10

or 50 feet.
The transition in the inner channels, from a bottom of coral detritus to
one of common mud or earth derived from the hills of the encircled island,
is often very abrupt. Streams froiti the land bring in this mud, and distribute
it according to their courses through the channels.
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Origin of the Forms of Reefs,

14

the Atoll and the Distant Barrier.

The origin of the atoll form of reefs was first
explained by Darwin.
to
his
each
According
atoll began as a fringing reef, around an
theory,
island;
and
the
slow
ordinary
sinking of the island till it disappeared, while
the reef continued to grow upward, left the reef at the surface, a
ring of
coral around a lake.
As reef-forming corals grow only within
depths not greater than 150
feet, the bottom on which they began must have been no
deeper than this;
and as such a shallow depth is to be found, with rare
exceptions, only
the
shores
of
lands
or
islands,
the
reef
formed
would
be at first
along
nothing but a fringing reef.

A fringing reef, the first step in coral formations, being begun, slow
subsidence would make it a barrier reef.
In the lower part of Fig. 148, a section of a high island, ATPB, is repre
sented. The horizontal line 1 is the level of the sea, f a section of the
fringing reef on the left, and f' of that on the right. The reef depends for
its upward progress on the growth of the coral, and on the waves.
The
waves act only on the outer margin of a reef, while the dirt and fresh water
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3

V

77
B
Section of an island bordered by a coral reef, to illustrate the effects of a subsidence.
of the land directly retard the inner part. Hence the outer portion increases
most rapidly, and retains itself at the surface, during a slow subsidence that
would submerge the inner portion. The first step, therefore, ill such a sub
sidence, is to change a fringing reef into a barrier reef (or one with a channel
of water separating it from the shore). Continued subsidence widens and
Then, as the island begins to disappear, the channel
deepens this channel.
becomes a lake, with a few peaks above its surface; and later, a single peak
of the old land is all that is left. Finally this peak disappears, and the coral
reef comes forth an atoll, with its lagoon complete.
in the subsidence, the horizontal line 2
Referring again to the figure: if,
becomes the sea level, the former fringing reef f is then at b, a barrier reef,
and
is at b', and ch, eh', ch" are sections of parts of the broad channel or
area of water within; over one of the peaks, P, of the sinking island, there
is an islet of coral, 1; when the subsidence has made the horizontal line 3
the sea level, the former land has wholly disappeared, leaving the barrier
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reef, t, t', alone at the surface, around a lagoon, ill, with an islet, u, over the
peak T, which was the last point to disappear.
These steps are well illustrated at the Fijis. The island Goro
(Fig.
149) has a fringing reef; Augau (Fig. 150), a barrier; Exploring Isles
(Fig. 151), a very distant barrier, with a few islets; Numuku (Fig. 152),
a lake with a single rock. The disappearance of this last rock would make
the island, a true atoll.
'Whenever the subsidence ceases, the waves build up the land above the
reach of the tides; seeds take root; and the reef becomes covered with

(1

140-152.
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Islands of the Fiji group: Fig. 149, Goro;
150, Angau; 151, Exploring 181e8; 152, Nu
inuku.

foliage.
The lands inside of coral barriers, as
illustrated in these figures, very often show,
by their narrow broken features and the

deep indentations that were once valleys,
that they are sunken lands, and thus sus
tain Darwin's theory.
The atoll Menchikoff (Fig. 145) was
evidently formed, as explained by Darwin,
about a high island, consisting of two dis
tinct ridges or clusters of summits, like

Maui and. Oahu in the Hawaiian group.
If the subsidence be still continued, after the formation of the atoll,
the coral island will gradually diminish its diameter, until finally it may
be reduced to a mere sand-bank, or become submerged in the depths of
the ocean. The occurrence of sunken atolls, like the Maldives, is one of the

strong arguments for the theory of subsidence.
Thickness of reefs. -The thickness of a coral formation, supposing Dar
win's theory to be the true one, is often very great. From soundings within
a short distance of coral islands, it is certain that this thickness is in some
cases thousands of feet. The barrier reefs remote from an island stand in
deep water, approximately proportional in depth to the distance from the
coast-line. Supposing the slope of the bottom at the Gambier Islands to be
only five degrees, we find, by a simple calculation, that the reef has a thick
ness of 1200 feet. In a similar manner, it is found that the thickness must

be at least 250 feet at Tahiti, and 2000 or 3000 at the Fijis.

The rate of subsidence required to produce the results described cannot exceed the
rate of upward increase of the reef-ground. On page 385 some facts are given illustrat
ing the exceeding slowness of such movements.'
As coral debris is distributed, by the waves and currents, according to the same laws
that govern the deposition of silt on sea coasts, it does not necessarily follow that the
1 For further information on the subject of Coral reefs and limestones, the reader may refer
to the author's work on Corals and Coral stands, 400 pp. 8vo., 1891, based on his Exploring
Expedition Report on Zoöphytes (740 pp. 4to, and 61 plates in folio, 1846), and to the chapter on
Coral Reefs and Islands in his xpedItion Report on Geology (750 pp. 4to, with 21 plates in folio,
1849) ; also to Darwin on the Structure and Distribution of' C")-al Reefs, 8vo, with maps and
illustrations, London, 1842, the last edition, by Professor T. 0. Bonney, in 1889.
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existence of a reef in the form of a barrier is evidence of subsidence in that region. On
page 224 the existence of sand harriers of similar position is shown to be a common feature
of coasts like that of easterti North America. In the cases of the barriers about the islands
of the Paei!Ie, however, there is no question on this point. Such barriers do not form
about islands so small. Moreover, the great distances of the reefs from the shores, in
many cases, and the existence of islands representing all the steps between that with a
fringing reef and the true atoll, leave no room for doubt. The remoteness of the Australian
barrier from the continent, and the great depth of water in the wide channel, show that
this reef is unquestionable proof of a subsidence, -though it is not easy to determine the
amount. Along the shores of continents, the question whether a barrier coral reef is evi
dence of subsidence or not must be decided by the facts connected with each special case.
In opposition to Darwin's theory of subsidence it is held by some writers that the sea
bottom may have been brought U toward the ocean's surface by deposits of other lime
secreting species, as those of the shells of Hhizopods, until they were near enough to
become next a plantation of corals, and that, in this way, without any subsidence, atolls
became common within the area of the tropical oceans. But the wide oceans are wonder
fully free from such banks ; and if they were used, the growing reef made over the sub
merged basement would fail of its deep lagoons. Excavation of lagoon basins has been
attributed, by the opposing theorist, to the eroding action of the carbonic acid in sea
water, carried by currents over the bank and through depressions that were likely to
form about the center of the bank. But many large lagoons have no entrance, and gen
erally there is only a shallow entrance; and currents have no power below the level of the
entrance (or exit). J. Murray has proposed the theory that since the fringing reef widens
outward by growth and wave-action, this process may be the sole cause of the width of
reefs along shores. Against the opposing theories there are the positive facts, that elevated
coral reefs and atolls exist, which have a thickness beyond 150 feet.. Among the many
facts there are the following: Metia, an elevated atoll, north of Tahiti, has a height of
250 feet, which is twice the depth of growing reef corals ; Christmas Island, in the Indian
Ocean, 1200 feet in height, has an exterior of coral-made terraces to its summit. For
a full discussion of this subject reference may be made to the author's work mentioned
in the note to the preceding page.
The following are the teachings of the coral reefs:
1. Beds of coral limestone and shell limestone are made (1) by accumu
lation through growth; 2) by the mechanical action of waves and, marine
currents; (i) by consolidation taking place as the work goes forward.
2. Limestones of the purest kind on a scale of great magnitude form in
the littoral zone within seas not over 150 feet deep. The modern reefs in the
midst of the ocean are narrow and have broad channels; but over a conti
nental sea, the same methods would produce solid limestone formations of
and also beach sand-rocks,
unsurpassed extent, fossiliferous or unfossiliferous,
with the aid of the winds, wind-drift rocks
conglomerates, and oolytes; and
of coral sand.
3. Great lirnestones are therefore not necessarily, or generally, of deep

water origin.
4. Lirnestones attain great thickness at the present time by means of a
slow subsidence, as they have in all geological time.
5. Further: comparing littoral with abyssal conditions, we learn that the
former make stratified deposits containing or consisting of remains of litto
ral life; the latter make unstratified deposits containing or consisting of
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pelagic life. (See further, page 143.) The stratified limestones and other
rocks of North America have no true deep-water characteristics. Wyville
Thomson gave this as his general conclusion for all continents.
3.

Deposits made by Continental Species.
1.

SILICEOUS DEPOSITS.
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Conferva-like Alg, having columnar, vase-shaped and furze-like forms,
grow in the hot geyser waters of the Yellowstone Park, which secrete opal
silica freely throughout the plant, as first reported by W. H. Weed. They
cause the deposition of the silica from the waters in a gelatinous form,
making the geyserite basins and the wide-spread geyserite deposits. These

siliceous plants are described as growing an inch upward in 10 weeks.
Diatoms make beds in shallow ponds over the continents, and thick
deposits of them are common beneath the peat of ordinary marshes. Such
ponds have only the gentlest of waves; but sufficient to break into pieces
most of the infinitesimal shells.
Diatoms are especially abundant in the warm waters of the Yellowstone
Park, where the beds made from them cover many square miles in the
vicinity of active and extinct hot springs, and vary from three to six feet
in depth. Near Monterey, Cal., there is a Diatom bed 50 feet thick. Others
occur in Nevada, where, according to Ring, they alternate with beds of tufa;
and some are 200 or 300 feet thick. The material of the beds looks like
chalk, but it often becomes partially solidified to opal, of a brown, yellowish,
or greenish color.

2.

CALCAREOUS DEPOSITS.

1. The shells of terrestrial and freshwater Mollusks are mostly thin and
fragile, especially the Gastropods, breaking easily under the gentlest wave
action. Limestones with unbroken shells as fossils are of rare occurrence
and small extent, forming only in bodies of water too shallow for wind
waves. The more common genera are Sphc'riuin, Linuu!a, P1isu. Plunorbis,
The deposits over the bottoms of small ponds are
Paludina, and Pupa.
usually accumulations of pulverized shells, and have a chalky aspect. The

earthy and clayey beds of river valleys ordinarily contain nothing of the
shells of the valley except minute grains from their wear, or calcareous
concretions made from the grains. The fine earthy loess of large valleys
is remarkable for the number of its freshwater shells (Gastropods), its
hears
strongly calcareous character, and its calcareous concretions. and
evidence thus of the sublacustrine and shallow conditions attending its
deposition.
2. Loosely textured calcareous rock, called tufa because of its appearance,
is formed from the confervoid Alga' of the Yellowstone Park and other
some of which resemble
regions. It is an aggregation of the algoid growths,
somewhat the concretionary forms represented in Fig. 137 on page 132.
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A.

Rothpletz has stated that, according to his observations at
Great Salt Lake, Utah, the cone retionary grains of oolyte are due to
the growth and calcareous secretion of a minute Alga or water-plant (1893);
and that they are formed there within a bluish green alga-mass.
He is
disposed to account thus for the formation of ordinary oöyte.
Offlyte is
an abundant product along the low coral-sand shores of southern Florida,
and its formation has been attributed to deposition from the sea water
around minute grains of the sand, or around some still more minute shell
of a Diatom or other microscopic organism.
3.

PHOSP1IATIC DEPOSITS.

Guano beds are the important deposits of phosphatic material. The
origin and constitution of guano are described on page 72. The composition
is approximately: organic and volatile matter 40 per cent, phosphoric acid
14, lime 12, potash and soda 7, nitrogen 9, along with water.
The agricul
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tural value is largely owing to the nitrogen. Besides the kinds mentioned,
Bat guano is formed in some caves; and in Victoria, southern Australia,
it has a depth of 30 feet in the Skipton caves. The prominent localities of
guano are: islands on the nearly rainless Peruvian coast, which were worked
as early as the sixteenth century; various islands of the equatorial Pacific,
between 155° W. and 277° W.; Sombrero and neighboring islands in the
West Indies, and also large coastal areas in South Carolina and Florida.

In the West Indies, and in South Carolina and Florida, where the rains are
common, the guano is mostly destitute of nitrogen, it being the impure
calcium phosphate made by the filtration of rain-waters through the original
guano, carrying the soluble phosphates into underlying calcareous deposits.
Fossil shells and bones are among the phosphatized products.
4.

Peat and other Carbonaceous Formations.

Peat is an accumulation of half-decomposed vegetable matter, in wet or
swampy places over the interior of a continent or about its estuaries. In
temperate climates, it is clue to the growth mainly of spongy Mosses, of the
water. Beside spreading over
genus Sphagnum, which are very absorbent of
153.

Peat-forming in progress, with a Diatom deposit ((1) over the bottom of the pond. Shaler.
the swampy surfaces, they extend out a floating layer from the borders of
shallow ponds (b), as illustrated in Fig. 153, from Shaler's Memoir on the
to the
Origin and Nature of Soils. The floating layer (b, b) drops portions
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bottom from its lower dying surface; for the moss has the
property of
dying at the extremities of the roots as it grows above. It thus gradually
takes possession of the pond, and may form beds of
great thickness.
In some limestone regions, the Sphagnous mosses are
replaced by species
of Hypnuin, as in Iowa. The leaves and stems, branches and
stumps, of
trees and shrubs, growing over the marshy region or in shallow waters, and
any other vegetation present, contribute to the accumulating bed. The fresh
water shells growing in the waters, and the spicules of any
sponges, with
the insects, and the carcasses and excrements of animals become included.
Earthy material also may be blown over the marsh by the winds, or brought
by inflowiug streams.
In wet parts of Alpine regions, there are various
flowering plants which
in
the
form
of
a
close
turf,
and give rise to beds of peat, like the moss.
grow
In Fuegia, although not south of the parallel of 56°, there are large marshes
of such Alpine plants, the mean temperature being about 400 F. On the
Chatham Islands, 380 miles east of New Zealand, peat thus formed has
a depth of 50 feet.
The dead and wet vegetable mass slowly undergoes a change in its lower
part, becoming brownish black, loose in texture, and often friable, although
commonly penetrated with rootlets. The change is sometimes continued
until coal is formed; but unlike good coal it still contains usually 25 to 33
per cent of oxygen.
Peat-beds cover large surfaces of some countries, and occasionally have
a thickness of 40 or 50 feet. The rate of growth varies with the amount of
vegetation, moisture, and other conditions; a foot in depth may form in five

to ten years. One tenth of Ireland is covered by them; and one of the
"mosses" of the Shannon is stated to be 50 miles long and two or three
broad. A marsh near the mouth of the Loire is described by Blavier as

more than 50 leagues in circumference. Over many parts of New England
and other portions of North America, there are extensive beds, almost every
old marsh having more or less peat below. The amount in Massachusetts
alone has been estimated to exceed 120,000,000 of cords. The Dismal Swamp,

10 miles by 30 in area, situated on the borders of Virginia and North Caro
lina, is for the most part a region of very deep peat.
Peat-beds sometimes contain standing trees, and entire skeletons of ani
mals that had sunk in the swamp. The peat-waters have an antiseptic
power, and consequently tend to prevent complete decay of the vegeta

ble matter of the peat-bed.
into adipocere.

Flesh is sometimes changed by the

burial

Peat is used for fuel, and also as a fertilizer. When prepared for burning, it is cut into
large blocks, and dried in the sun. It is sometimes pressed, in order to serve as fuel for
steam-engines. Muck is another name for peat., especially for impure kinds, when em
ployed as a manure; any black swamp-earth consisting largely of decomposed vegetable
matter is so called.
Beds of marine plants in the rocks of littoral regions are almost unknown. Specimens
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are distributed through the formations, and have been the source of some coaly products
but never abundantly. The trunks of Lessonia, as large as a man's thigh, lie piled in great
quantities on the shores of the Falkland Islands. Moreover, the growth of sea-weeds is
very rapid. On the coast of Scotland, and below low-tide level, "a surface chiseled
smooth in November, was thickly covered in the following May with ribbon kelp 2 feet
long, and ordinary kelp 0 feet long." But no peat-like compact beds of marine Fucoids
are known. Fucoids contain 74 to 80 per cent of water, some nitrogen, and are very muci
laginous; and hence "when they begin a decay and become disorganized, they melt down
into a very small bulk, and seem almost to dissolve away." (Storer.)
The great interest to the geologist in this subject of peat-beds is the essen
tial identity between their method of origin and that of the great accumula
Both were
tions of vegetable debris out of which coal-beds were made.
accumulations of leaves and sterns of terrestrial (not marine) plants, and
occupy, as a general thing, the region where the plants to a large extent
The chemical processes of change were also essentially the same.
grew.
The burial of the ancient beds beneath thick sediments in many successions,
as explained on page 712, has made the chief differences.
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PROTECTIVE AND OTHER BENEFICIAL EFFECTS.
The protective effects of life come chiefly from vegetation.
1. Turf protects earthy slopes from the wearing action of rills that would
wear a bare surface into gullies; and even hard rocks receive protection in

the same way.
2. Tufts of grass and other plants over sand-bills, as on seashores, bind
down the moving sands by their long creeping stems or spreading roots.
3. Lines of vegetation along the banks of streams prevent wear during
freshets. When the vegetation consists of shrubs or trees, the stems and

trunks entangle and detain detritus and floating wood, and serve to increase
the height of the margin of the stream.
4. Vegetation on the borders of a pond or bay serves in a similar manner
as a protection against the feebler wave-action. In many tropical regions,
at the water's edge, drop new roots from
plants like the mangrove, growing
the branches into the shallow water. These roots act like a thicket of brushwood, to retain the floating leaves, stems, and detritus; and, as the water shal
lows, other roots are dropped farther out; and thus they keep marching
outward, and subserve the double purpose of protecting and making land.
The coarse salt-marsh grasses along seashores perform the same kinds of
in entangling detritus, and in
geological work, being very effectual agents

protecting from erosion.
Li. Patches of forest-trees, on the declivities in Alpine valleys, serve to
that, but for
turn the course of the descending avalanche, and entangle snows
Such groves are
the presence of the trees, would only add to its extent.
with great care.
usually guarded from destruction
ice in spring, and thus lessen the
6. Forests retard the melting of snow and
devastations of floods.
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7. Calcareous Algae, called Nullipores (page 147), serve to
protect grow
ing Corals and the margins of coral reefs from wear. Ordinary seaweeds
often cover and protect the rocks of a coast nearly to high-tide level; in the
higher latitudes the Fucoids (as .Macrocystis pyrifera) are sometimes 200 to
300 yards long, and the broad green belt off a coast breaks the force of
incoming waves so that the rocks are saved from their destructive action.
The common earthworm, as Darwin has shown (1881), transfers a great
amount of earth or soil in the pellets it discharges at the surface. He found
that the weight so transferred per acre in a year in four cases was 756, 1458,
161, and 1812 tons.
Lobwormns, of seashores, are even greater workers,
to
C.
Davison,
who reports that the amount of sand carried up each
according
year on the shores of Holy Island, Northumberland, was equivalent to 1911

tons per acre (1891). Marmots (Spermatophiiu.s Eretsmani), in the Caspian
steppes, bring great quantities of earth to the surface. In a few years after
their introduction they had brought up 75,000 cubic meters of earth to the
square mile.

(Muschketoff, 1887.)
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TRANSPORTING EFFECTS.
1. Seeds caught in the feathers, hair, or fur of animals, or contained in
the mud adhering to their feet, are transported from place to place.
2. Seeds are eaten by animals as food, or in connection with their food,
and are dropped in another region undigested. At the Solomon Islands, fruit
pigeons carry fruit and seeds in their crops, and have thus planted the land
with trees from other islands. (Guppy.)

3. Ova of fish, reptiles, and inferior animals are supposed to be transferred
Authenticated
from one region to another by birds and other animals.
instances of this are wanting.
4. Floating logs and seaweeds carry Mollusks, Crustaceans, 'Worms, and
other species from one region to another, over the broadest oceans, along the
courses of marine currents. In tropical countries, islands of shrubbery and
trees often float away from estuaries into the sea, bearing with them land,
fresh-water shells, and other terrestrial species, which there become mingled
with marine shells. A Boa constrictor once floated, on the trunk of a cedar,
from Trinidad off South America to the island of St. Vincent - a distance of

at least 200 miles. The great floating seaweed areas of the Sargasso Sea in
the Atlantic are the dwelling-place of vast numbers of marine species, includ
ing Fishes, Mollusks, Crustaceans, Worms, etc.
5. Migrating tribes of men carry, in their grain, or otherwise, the seeds
of various weeds, and also, involuntarily, Rats, Mice, Cockroaches, and smaller
vermin. The origin of tribes may often be inferred from the species of
plants and of domesticated and other animals found to have accompanied

them.'

1 On this general subject consult Wallace's Island Life.
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DESTRUCTIVE EFFECTS.
The destructive effects proceed either from
living plants or animals, or
from the products of decomposition. The latter
subject is briefly considered
under Chemical Work.
1. The roots which come from the sprouting of a seed in the crevice of a

rock, as they, increase in size, act like wedges, in tending to press the rock
apart; and, when the roots are of large size, masses tons in weight may be
154.
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Rocks disrupted by roots of trees, between Gloucester and Rockport, Mass. Slialer, '89.
torn asunder; and if on the edge of a precipice, the detached blocks may
be pushed off, to fall to its base. This is one of the most effective causes of
the destruction of rocks. Many regions of massive and jointed roclts are
like transported bowiders, whic1
thickly covered with huge blocks, looking
are the results of this kind of npturning. The. Con ferve arid other simple

work in the smallest of rifts; and
plants often commence their wedging
results. Moreover, the opening of rifts
yet by constant growth cause great
and fissures gives access to moisture, and thus contributes further to rock
destruction by chemical processes and by frost.
2. Boring animals, like the saxicavolls Mollusks, make holes, often as
in limestone and other rocks, along
large as the finger, and sometimes larger,
some seashores.
Species of Saxicava, Photas, Petricola, Lithodom us, Gastro
chcna, and even some Gastropods, Barnacles, Annelids, Echini, and Sponges,
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have this power of boring into stone. Various species also bore into shells
or corals. In seven years, Carrara marble, in the sea south of Long Island,
became riddled with borings made by a Sponge, the Uliona suipli urea of
Verrill. Termites, or White Ants, and many other insects, especially when
in the larval state, the Limnoria among Crustaceans, and the Tereclo, related
to Pholas, among Mollusks, bore into wood; and the last is so destructive to
ships, piles, and wharves that it is often called the Shpwor?n or Pileworm.
3. The tunneling of the earth by small quadrupeds, as the Mole, and
by Crustaceans like the Crawfish, sometimes results in the draining of ponds,
and the consequent excavation of gullies or gorges by the out-flowing waters.
The tunneling of the levees of the Mississippi by Crawfish is one cause
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of breaks, and thereby of great floods over the country.
4. Animals using Mollusks and Echinoderms as food make great refuse
The animals include Man, as well as other
heaps, or beds of broken shells.
species; and the beds made by Fishes off the coast of Maine, as described
by Verrill (who has drawn attention to this mode of making broken shells),
are of great extent. They might be taken for beach deposits. The chief
enemy of the American Oyster is a Starfish, which spreads its extensile
mouth-opening over the young Oyster, and so gets it inside its stomach, and
then, as the shell opens, digests the Oyster.
5. Fungi attack dead plants and animals, and rapidly destroy them. They
do it by excreting ferments or poisons, which eat into and destroy the tissues.
Living plants often suffer from this cause when in an enfeebled state.
6. The destruction of the vegetation of a region by insect life, and that
of animals by one another, are also of great geological importance.

III. THE ATMOSPHERE AS A MECHANICAL AGENT.
The weight of 100 cubic inches of dry air, with the barometer at 30 inches,
and the thermometer at 600 F., is 31 grains; and hence it is but s-h as heavy
as water (or ,,4-- at 32° F.). The weight of a column of the atmosphere a
square inch in area of section, when the barometric pressure is 30 inches, and
the temperature 32° F., is 147 pounds. On this basis, the total weight of
the atmosphere is about 11.- trillions of pounds (Herschel). In England, an
atmosphere of pressure, used as a limit in connection with steam, is 29905
inches Bar. at 32° F., or nearly 14- pounds to the square inch; in France, it

is 760 millimeters, or 29922 English inches, at the same temperature.
The atmosphere, while rightly called the earth's aerial ocean, is an aerial
ocean without a definite upper surface, resting on an ever-disturbing base
ment. It extends not only to a height of 40 miles, but, with increasing
tenuity, to at least 200 miles, -meteorites having become luminous at this
height as a consequence of the friction of air. An upper limit is supposed
to be determined by the equilibrium between the gravitation of the mole
cules of the elements constituting it and the expansive force, decreasing
upward, that separates the molecules.

THE ATMOSPHERE AS A MECHANICAL AGENT.
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The basement on which it rests - the earth's uneven surface - varies
widely in temperature, and this variation passes to extremes in the higher
mountains, whatever the zone. The atmosphere's own temperature, even
in the tropics, is at the freezing-point at a
height of less than four miles.
these
and
other
Through
conditions the atmosphere has its varying belts
of greater and less depth,-that is, of higher and lower barometric pres
sure,-its areas of high and low pressure moving in great circuits, and,
as a consequence, winds, storms, cyclones, tornadoes, in its fruitless effort
toward a state of equilibrium. These winds are its chief means of mechani
cal work.

The Mechanical Work of the Atmosphere. - The atmosphere works mechan
ically (1) by denudation, or, as it has been termed, deflation, with or without
abrasion; (2) by transportation; (3) by deposition ; and (4) through its
pressure. The work and the results are called Eolian, from AoAoc, the god
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of the winds.
The force of the wind, measured by the pressure on a square foot, in
creases with the square of the velocity. At 5 miles an hour, the pressure
is about 2 ounces to the square foot; at 10 miles, which is that of a light
breeze, 8 ounces; at 20 miles, a good steady breeze, 2 pounds; at 40 miles,
a strong gale, 8 pounds; at 60 miles, 18 pounds; at 100 miles, 50 pounds.
The work done is dependent largely on the form of the surface struck.
This is well shown in the anemometer made of hemispherical cups: the

difference between the pressure on the concave and convex sides being such
that the cups move one third as fast as the wind, whereas with flat disks
there would be no motion. A velocity of 186 miles an hour (or 110 pounds

to the square foot) has been registered by the anemometer.
While the lighter winds, and especially the great currents, like the trades,
have a degree of regularity in movement, the storm winds, on which geo
logical work mainly depends, are hurrying bodies of air of inconstant force,
A single storm includes all the courses of the com
breadth, and direction.
pass, and all degrees of force, from lulls to extremest violence; and when

most constant, these winds are still made up of fitful blasts. Under such con
ditions, abrasion, transportation, and deposition should be greatly mixed;
and this is a striking feature of the results.
E0rAIAN DENUDATION OR DEFLATION.
Denudation, or wear by wind-force, is carried on (1) by simple wind-impact
and (2) by impact when the air is loaded with sand or other material.
1. By simple impact. - The lighter work of the winds is the taking up
of dust from roads, sand-fields, sand-hills, and sea-beaches, to drift away to
some other place.
The streets of most cities and the roads of the country
often afford examples of the work on dry, windy days. It is to be noted,
however, that a rather strong wind is required for this light deflation unless
The result is due to the direct impulse
moving wheels first stir up the dust.
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of the moving air; and so it is when the hurricane tears
up trees, prostrates
forests, unroofs houses, or moves them from their foundations.
These de
structive effects are dependent, as already explained, not
merely on velocity,
but also on the extent, form, and position of the
object against which it
strikes.
The adhesion of the hardened mud along the ruts of a
country
road may not be overcome by a gale that prostrates forests.
Besides lifting and transporting loose sands, the heavier winds tear off
grains from exposed ledges or bluffs of rock, which the action of the sun,
or oxidation, or saline efloreseenees, or other means have loosened, and thus
carry on the work of denudation.
2. By means of the
material transported. - But the sand, gravel, or stones
borne by the winds give them their chief denuding power. Attention was
first called to this wind work by W. 1'. Blake, who described the granite
of the Pass of San Bernardino, Cal., as scratched like rocks of glacier
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regions, even quartz and tourmaline being finely polished, and the garnets
left projecting on pedicels of feldspar. inclined in the direction of the wiild;
limestone as eroded and channeled as if by dissolving waters. Mr. Blake
observed, further, that the scratching and polishing effects were not confined
to the Pass, but were visible over all parts of the Colorado desert to the

eastward, where hard rocks were exposed; and he dwells on the great impor
tance of this action of the winds as a means of denudation (1855).
Later
observers have shown that many of the bluffs, needles, and towers of soft

sandstone characterizing the scenery in different parts of the Rocky Monn
tam region have been more or less shaped by this means.
Moreover, scratches
made by drifted sand, long since noticed on the glass of windows on Cape
Cod, have been observed in Maine where it is not arid ((1 H. Stone, 1886).
In arid parts of India, according to Mr. R. D. Oldham, they differ from
those of glaciers in being deepest at the end facing the wind.
Eolian denudation has its best examples in the Egyptian and other true
deserts where the annual fall of water is very small. The following figures of Egyptian denu.da
155.
tion are from the work
of J. Walther (1891),
winch treats the subject
w-i
itl great fullness and

Southwest end of Mokkutam. Wuitber.

gives many illustrations,
after personal
observa-tions.
The differences in
hardness of the layers de
termines the rate of wear

and leads to nearly the
same forms that are produced by running water. In Fig. 155 the beds are
Eocene limestone and other kinds. In Fig. 156 Cretaceous beds are upturned,
and the harder limestone caps each elevation. The deflation leaves silicifled
fossils (Exogyra and Corals) projecting over the surface, as in Fig. 1156.
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Other views in Mr. Waither's book represent
deep excavations in nearly
vertical bluffs, sometimes in regular alternation with narrow columns-the
latter the part which descending solutions of some kind
(perhaps calcareous
or ferruginous) had hardened; often they are
very irregular in form.
A blast of sand propelled by steam is now
employed (after Nature's sugin
and
gestion)
grinding
156.
carving glass, gems, and
even granite.
Glass covere
ered b lace-work or b

.-

paper having open patterns cut in it, is rapidly
worn where its surface is
exposed, while the lace or
paper, owing to its yielding before the sand, shows

scarcely any effect of the
blast. Large cornices and
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Upturned Cretaceous beds near Abu Roasch. Waitber.
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mouldings of granite are shaped by a blast of steam and sand.
Thoulet, of Paris, has investigated the effects of air-blast abrasion (1887)
and found, besides other results, that moist rock abrades most easily, and
that the effect is small if the surface struck has a dip of less than 600.
TRANSPORTATION AND DEPOSITION.
The deep deposits of earth over ancient monuments in Rome and other
old cities is largely a result of eolian transportation. The most extensive
drift-sand deposits occur over arid areas where there is little or no vegetation
to fasten down the sands, and where nearly all the year through the work is
going on. But the best known are those of windward shores where fronted
The sands of seabeaches often extend out long distances
by long beaches.
in the shallow waters.
The breakers come in sand-laden, to throw the sand
beach takes the whole.
But
up the beach, and in ordinary weather the
storm-winds carry the sands from the breakers and the beach over the low
surface beyond and pile it into ridges, often making a series of parallel sand
drifts. The sand keeps moving landward with each season of storms, unless
whose encroachment is favored
stopped by steep declivities, or by vegetation
of
by moist soil; and sometimes it drifts up the sea-border hills to heights
100 to 200 feet.
The surfaces of drifted sands are often covered with

ripple-marks.
The effects are greatest (1) where the sands are fine, and most purely
siliceous and therefore incoherent ; (2) where the coasts are well open to
the winds; (3) in regions exposed to the most violent storms; and (4) espe
work is carried on in succession by the
cially on projecting points where the
winds of both sides of a rotary storm, and by storms of different directions.
and hence on the Pacific coral islands the
Ordinary winds have little effect,
DANA'S MANUAL-11
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drift-hills of projecting capes are seldom over 30 feet high; while at the
Bermudas and Bahamas, within the belt, of Atlantic cyclones whose winds
have often a velocity of 60 to 90 miles an hour, the sands cover great sur
faces, are sometimes quite coarse, and make ridges 100 to 30 feet in height.
The highest drift ridges are on the side which receives the winds of the first
half of the cyclone.
On the south side of Long Island, drift-sand ridges extend along for a hun
dred miles and vary in height from 5 to 40 feet. The coast of New Jersey,
down to the Chesapeake, and other coasts farther south, are similarly fronted by
sand-hills.
Similar hills occur also on the east side of Lake Michigan, where
they reach a height of 100 to 200 feet; they are 215 feet high at Grand
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Haven, and 30 to 93 near New Buffalo.
In Norfolk, England, between
Hunstanton and Weybourne, they are 50 to 60 feet high.
Such seashore driftings are a means of recovering lands from the sea.
The sea first makes the sand-flats or beaches, and the winds (10 the rest.
Lyell observes that, at Yarmouth, England, thousands of acres of land now
under cultivation have been thus gained from a former estuary.

The drift-sand also encroaches on fertile lands, forests, and villages.
Such regions of encroaching sands are called dunes. (in Lake Michigan. as
Professor "Winchell states, the sands are continually shifting with the
winds; at Grand Haven and Sleeping Bear, the forest has become sub
merged, and "presents the singular spectacle of withered tree-tops pro
jecting a few feet above a waste of sands." The land at this place is
extending lakeward, through the wear and contributions of the arenaeeous
shore rocks. Near Seven-mile Beach, on the New Jersey coast, in 1885, the
dune, 10 feet high, had encroached on a dense forest to such an extent that
the tree-tops projected above its sands like the heads of drowning men
above the waves."
By such means, not only
(F. J. H. Merrill, 1890.)
of
bones, shells, tree-trunks, become the fossils
sand-heaps, but, in the

existing age, as in Egypt, even monuments, temples, and cities.
1. Characteristics of wind-drift or eoltan fbrmatwns. - The sands of wind
drifts, although deposited by blasts of wind, make thin and regular layers
over the sand-fields and the surfaces of the rising ridges, producing a stratic
ulate structure about as coarse as that of coiiinion alluvial clays, parallel
with the successive surfaces of the ridge. But such ridges are liable to
be cut off on one side. or the other by the most violent of gales; and then
outer surface. By repetitions
deposition from the winds goes on over a new
of such catastrophes, and continued depositions. the quaquaversal dip of the
wind-drift structure, represented on page 93 (Fig. (33), is produced. The
mode of formation and stratic.ulate structure of sand-drifts is well illustrated
in snow-drifts, which are a result of hike wind-drift action. As snow drifts
however small,
readily into heaps and ridges, wherever there is an obstacle
so it is with sand. Flat or level surfaces are the exception in such regions.
The drift ridges of coral sand or shell sand readily consolidate, and show
well the varying directions of I he strtieulation, as at the Berniudas,
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Bahamas, Key 'West and elsewhere on the Florida Banks, and also on
Oahu all(l other Hawaiian Islands.
2. Eoliciii transportation of volcanic ashes. -The
transportation of volcanic
ashes usually takes place without drifting, and the
bedding, therefore, is.
horizontal,
in
1812,
commonly
ashes were carried from a volcano on St.
Vincent to Barbados, 60 to 70 miles; and in 1835, from the volcano of
Coseguina in Guatemala to Jamaica, a distance of 800 miles. In 1883, the
dust from the volcano of Krakatoa, an island
just west of Java, was thrown
to a height of 50,000 feet, according to Verbeck, and continued to be
pro
for
36
hours;
and
it
is
that
the
ashes
made
the
jected
circuit of
supposed
the globe, and were the cause of the sunset glows of the
following autumn.
The bottom of the Pacific has been found to be very
generally covered with
volcanic ashes derived from its many volcanoes.
3. Eolia n transportation of living species or their relics. - A tornado that
becomes what is known as a "water-spout" over a large river or lake,
carry
ing up at its center great quantities of water, will take up the ova and
smaller life of the waters, and transfer them to other places, and may thus
contribute new species to distant lakes or rivers. Land Birds and Insects
are sometimes drifted far out to sea, and so reach oceanic islands, and some
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times in the case of Birds another continent.
Seeds of many kinds go with
the winds. A Spider of the ballooning kind, Sarotes venatorius, has probably

traveled around the globe, according to H. C. MeCook, crossing oceans and
continents, and thus has gained a world-wide distribution. A related species
is reported by Darwin as suddenly appearing on the rigging of the "Beagle"
60 miles from the laud.
Showers of grayish and reddish dust sometimes fall on vessels in the
Atlantic off the African coast, and over southern Europe (producing, when
they come down with rains, "blood-rains"), the particles of which, as first
shown by Ehreuberg, are largely microscopic organisms. The figures on
the following page represent the species from a single shower, near Lyons,
on October 17, 1846. The whole amount which fell was estimated by
Ehrenberg at 720,000 pounds; arid of this, one eighth, or 90,000 pounds,
consisted of these organisms.
The species figured by Ehrenberg (Passat-Sta?(b und Biut-Regen, 4to, 1847, and
Amer. Jour. Sri., II. xi. 372), include 39 species of siliceous Diatoms (Fig. 157, 1-65); 25
of what he calls Phytolitharia (Fig. 157, 66-104), besides 8 Ithizopods. The following arc
the names of the Diatoms:
Nos. 1, 2, illelosira granulata 3, 211. clecussata ; 4, .111. Mare/lea 5-7, 1[. tii.staus ;
Tseiit1i,eus (m.isp/erfrus ; 10, COS'iiWthSeuS (?) ; 11, Traehelomonas levis; 12,
Cam pylodiseus c/!/peas; 13-15, (lom p/rn nenia /)(Ifr ; 16, 17, C!OC((J arm a qirn f)rme ;
18, Gyinbella mzeu7q(a ; 19, 20, Epii/uinia ion gicornis ; 21, 22, R. ionycorms ; 23, E.
A rqus ; 24, E. ion qieornis
raiz u/ala ( ) ; 26, E. zebrina (J) ; 27, Him(l)u(i(/jflflj Monodon (?) ; 28-32, Eunotia. a phioxys; 33, 34, Epit/ienzia pibberula ; 35,
Eunot.a. zebrina ( ?) ; 36, E. Zi/(fOth)fl ( ) ; :37, Epithemia gibba ; :38, Eunc'tia tridentula
39, E. (?) /(rPf , 40, Thnutntidtuni areas ; 41, 42, Tabeilaria ; 43, Odontidinm ( ?)
44, Coermicis liflPa.t(t ; 45, C'. (((,IiI,.J)/i'1'ie(t " 4; V(uieula bar//lion; 47, N.amphioxys ;
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48, 49, N. seinei ; 60, N. xerians; 51, Pinnularia borealis; 52, P. viridula; 53,
P.
vtrulis; 54, Mastoqioia (1); 55, Ptnnula,ui
(rquaii8 () ; 56, Surirella cragicula () ;
57, 58, Synedra ulna; 69, Oil.in(iiliu,u () ; (10, Fragilurkt
pinnata ( ) ; (11, Mastogloia
(P); 62-65, doubtful.
A shower which happened near the. Cape Verd Islands, and is
described by Darwin,
had by his estimate a breadth of more than 1600 miles, -or,
according to Tuckey, of
1800 miles, - and reached 800 or 1000 miles from the coast of Africa. These numbers
give an area of more than a million square miles.
In 1755, there was a ' blood-rain " near Lago
Maggiore, in northern Italy, covering
about 200 square leagues, which made an earth
deposit in some places an inch deep; if
averaging two lines in depth, the amount for each square mile would equal 2700 cubic
feet. The red color of the "blood-rain " is owing to the presence of some red oxide of
iron.
Ehrenberg enumerates a large number of these showers, citing one of the earliest
from Homer's Iliad; and among those whose deposits he examined he distinguished over
300 species of organisms. The species, so far as ascertained by him, are not African, and
15 are South American. The zone in which these showers occur covers southern Europe
and northern Africa, with the adjoining portion of the Atlantic, and the corresponding
latitudes in western and middle Asia.
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ANGLE OF REST OF FALLING SAND OR GRAVEL.
The angle of rest in falling sand or gravel varies with the size, density,
shape, and smoothness of the grains; and also with the amount of moisture
or water present among them, little moisture causing adhesion of grains,

much water producing a flowing mud. With no friction, as is essentially the
fact in the case of the particles of a liquid, like water, the angle is null;
with ordinary dry sand, 300 to 35°; with ordinary volcanic cinders, 33° to 40°.
Instructive experiments may be made by inserting vertically a graduated rod at the
center of a circular board graduated similarly from its center outward, and then dropping
over the board about the rod sand of different kinds, the ratio of height to radius giving
the angle. The author obtained in this way for dry angular quartz sand about 0005 inch
in radius, the angle 350 20' to 36° 30'; for iron-sand, of like fineness, 330 10' to 330 40';
for new (untarnished) shot, No. 10, very fine, 20° 12'; same, No. 4 (coarser), 270 50'
same, No. 3 (buck-shot), 29° 40' ; and with tarnished shot, a higher angle.
When deposition is around a center, or pericentric, the resulting form is
approximately conical, varying with irregularities in deposition through the
winds and other causes.
ATMOSPHERIC PRESSURE.
Variations in atmospheric pressure, which may amount to two inches
of the barometer in a few hours, or half as many pounds per square inch,
are supposed to influence the resistance of the earth's crust to earthquake
The tide-like movements in large
movements, and to volcanic eruptions.
lakes are attributed to other causes.
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WATER AS A MECHANICAL AGENT.

(1) General sources of activity. - (a) Water does mechanical work in
each of its three states, the liquid, solid, and gaseous state (or that of
vapor).
Only the first and second states are here considered, the third coming more
conveniently under the head of Heat. In the liquid state it constitutes
rivers, lakes, oceans; in the solid, snow, ice-crusts, glaciers, and icebergs.
Unlike the aerial ocean, it has a defined upper surface; and the basement
on which it rests has usually no disturbing influence.
(b) In rivers, water derives its energy from gravitation; it works as it
fails, and arrives at its zero of action on reaching the lowest level to which
it can fall. It reaches only temporary or approximate zeros in lakes, except

when the lakes are like the ocean in having no outlet. Winds make rela
tively feeble currents and waves in large rivers.
(c) In the ocean, water has three prominent working agencies: (1) the
tidal wave; (2) the wind-waves and currents, both the regular winds, like
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the trades, and the winds of storms, each producing waves and also currents
of greater or less depth and, velocity; (3) the resupply currents caused by
the sun's heat, which in evaporation removes surface waters, and, in the

expansion of water, diminishes its density.
Gravity acts toward a restora
of
tion
the equilibrium that has been disturbed, whether the disturbance be
due to the tidal wave, wind-waves, currents, or heat, and in response also to
changes in atmospheric pressure.
(d) Lakes of large size, like the ocean, have wind-made currents and
waves, and movements due to evaporation, and sometimes appreciable tidal
waves and currents. Those of small size are often only still-water incidents
in the courses of rivers.
Winds over large rivers may slightly quicken, or retard, the flow. Over
great lakes, they may make decided onward movements, which pile the waters,
tide-like, on leeward shores, - as sometimes about Duluth at the western end
of Lake Superior, -occasioning an under current of escape. But over the
ocean they are in all parts a prominent source of currents, and in the
tropics, as has been stated, the "trade winds" originate, according to some
physicists, the Atlantic and Pacific tropical oceanic currents.
(e) Owing to the earth's eastward rotation, increasing in rate of surface

velocity from the pole to the equator as the cosine of the latitude, flowing
waters in the northern hemisphere, whether of rivers or the ocean, and
whatever their source, are thrown toward the right side as they advance,
and in the southern hemisphere toward the left side. The result is seen iii
the lagging of the Labrador current against the west side of the north Atlan
tic; in a like effect on the correlate current in the north Pacific; and in
It has
the eastward course of the Gulf Stream north of the parallel of 3°.
also been observed along rivers in many parts of the world where the deposits
intersected are earthy, and the pitch of the stream is too small for erosion at
bottom. They are marked along the great rivers of Siberia and European
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Russia, on others in southern France, on the streams
intersecting the low
land of the Atlantic border of the United States
(Kerr), and on those of
southern Long Island (E. Lewis).
It is shown that in streams the difference between the surface and
bottom
accounts
for
this
erosion
velocity
of the right bank, with deposition at the
left, thereby making the right steeper and
placing the deepest part of the
stream near it.
The extremely slow transverse motion will be combined
with that down stream, so that the actual motion will make a
very
small angle with the direction of the channel.
(A. C. Baines, Am. Jour.
Sci., xxviii. 1884.)
(2) Kinds and methods of work. -The kinds of work done by the
mechanical action of waters, whether in rivers, lakes, or oceans, are in a
comprehensive way (1) Denudation; (2) Transportation; (3) Deposition
of the transported material, making usually stratified deposits.
DENUDATION.
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Denudation is going on wherever any rock materials or rocks are within
reach of moving waters. It is called erosion or excavation, when the work is
the making of valleys, and degradation, when it is the wearing down of hills

or mountains. But the term denudation covers both processes.
Another
of
work
under
it
is
of
that
or
the
of
flat
surfaces
style
planation,
making
by
the shearing action of spreading waters, and by deposition up to the surface,

or to a common level. The worn material derived from the wear of rocks is
called detritus, because made by wear; and also after deposition, sediment,
because deposited usually from waters.
Sedimentary rocks derive thence
their name.
Silt, the finest of mud, occurring in the bottom of estuaries and
elsewhere, and ooze, soft, sticky mud, are extreme results of the grinding
process. The term deposit is a general one for an accumulation made by
any natural method.
Denudation depends for its effects on the varieties and conditions of the

rocks subjected to it not less than on the powers of the agent, water. It is
facilitated not only (1) by softness or fragility of terranes, but also by
(2) their subdivision into thin layers; (3) a loose junction of layers;
(4) alternation of yielding layers with firmer layers; (5) vertical joints or
fractures, and especially multitudes of surface cracks or rifts.
(6) Boldness
in position is also favorable; for high bluff fronts feel the force of blows of
water proportionally to their verticality, and also have gravity to aid in

removing loosened material, and to produce rendings where water descends
in vertical crevices.
(7) Moreover, angular concavities or cavernous open
(8) A
ings and projecting points in walls give the waters great advantage.
horizontal position in the bedding of cliffs or walls is especially favorable,
because a little removal below undermines, and may cause great downfalls;

and, besides, walls and cliffs are thus kept vertical, for the long continuation
is facilitated by the weakened conof the work.
(9) Above all, denudation
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dition of rocks, due to decay through chemical methods, and to the
superficial
and
fractures
chemical
riftings
attending
changes, organic growths, freezing,
and the alternating of cold with heat occasioned by the sun.

The methods of denudation are (1) by water-strokes, or the
simple impact
of water; (2) by abrasion, which includes (a) wear of rocks by means of
the stones and earth carried or thrown against rocky surfaces; and
(b) wear
of transported stones or grains by their mutual friction or corrasion. By
these means much of the shaping of the earth's surface and the trituration
of rocks to earth has gone forward. Abrasion becomes a shearing action In.
planation and terrace-making.
1. Impact of water simply. - In the flow over a smooth surface of rock
pure water has no abrading effect. But when thrown in masses, in the forum
of plunging waves or torrents, into cavities of rocky bluffs or against bold
projections, great results may be produced. Blocks of many tons' weight
along a shore, if resting on a surface but slightly inclined toward the deeper

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

water, will slip downward with each stroke.

The force of the impact of flowing water is expressed in pounds, by the general
equation P = O97O2nsv2, in which v is the velocity in feet per second, s is the greatest
transverse section of the body in square feet, n a coefficient varying with the form of the
body, the value being ascertained for any particular form by trials; and OO702 is the
quotient from dividing the weight of one cubic foot of water (62k pounds) by 2 g (p. 174).
Supposing the greatest transverse area to be 1 foot: for a simple plate the value of n is
186; for a cube, 146; for a sphere, 051 ; for some rounded forms, only 05. If the
hemispherical end of a cylinder faces the current, the impact is half less than if the flat
end were in front. In accordance with the above, the force of impact against a flat plate
a foot square, in a current of 5 miles an hour (or i feet per second), will be nearly
100 pounds; in one of 20 miles an hour (4 times 5), 16 times that for 5 miles, and so on.
On the other hand, if the surface struck is a hemispherical concavity, the impact would
be very much greater than for a flat surface, the value of n being about 2 for a hollow
hemisphere with the concavity to the current. The principle is illustrated in the connec
tion between form and resistance, or form and velocity, in a boat.
These results of experiment and mathematical calculation show that while it is not
possible to measure the force exerted in the movements of a river, the concavities and
deep recesses or channels among the rocks along the sides of a rapid stream afford an
opportunity for effective blows.
2. Abrasion; Gorrasion. -The transported sand and gravel which is car
ried by water against the rocks within reach acts like the emery of an emery
wheel, yet only under slight pressure. The particles, and especially the
pebbles or stones, that are thrown by violent torrents against the surfaces
of the solid rock, work more effectively, but less constantly. In a current of
given velocity the larger stones carried abrade more rapidly than the smaller.
At the same time the transported particles or stones, whether in rivers or
on seashores, are wearing one another, and this corrasion tends to reduce the
material to that fine impalpable state in which even slow-moving waters will
transport them.
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The coarser grains transported by the water suffer the most in cor.
rasion, a grain a tenth of an inch thick wearing 10 times as fast as one
a hundredth of an inch, and an inch pebble losing more in transportation a
few hundred yards than a grain of sand of a thousandth of an inch in drift
ing for 100 miles (Sorby, 1880). Angular fragments of granite lose more
by corrasion than rounded fragments.
Ordinary sand-grains become rounded
manner;
but
in a similar
those of the finest quartz-flour from glaciers (as
the
tint
that giving
to the Rhine at Strassburg) remain angular,
milky

instead of becoming corraded (Daubrée, 1879).
Shales and soft sandstones yield easily to abrading agents; hard sand
stones and quartzytes much less so; basalts, granites, very slowly, unless the
wear is promoted by previous decay.
Limestones are eroded easily because
the material is soft and the waters may dissolve as well as wear away.
Abrasion assorts in proportion to hardness. The softer materials first
When granitie sands, made of quartz, mica, and
yield, leaving the harder.
feldspar, are exposed to beach or river action, the mica first floats off, because
in thin scales; next the feldspar is reduced in the corrasion to fine earth and
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is borne away; and the hard quartz is left in grains. Thus at the same time,
out of the same sand are made a bed of quartz sand, for a sandstone, and not
far off it may be an argillaceous or mud-like bed, good for forming a shale.
Rivers and beaches are thus ever at work when materials of the right kind
are at hand. Where the flood-waters of a river, or the tidal-waters of the

ocean, flow widely over shelving shores and bordering flats with little depth,
the surface water as it moves onward is like a horizontally cutting blade;
and, while admitting of deposition up to its level, it shears off the surface
with remarkable evenness, making, by this process of planation, flat shore
occur along many river val
platforms and flood-grounds or terraces, such as
often at heights which make them
leys and sea borders ; and the plains are
evidence of ancient water levels.
TRANSPORTATION AND DEPOSITION.
The rate of denudation depends largely on the velocity of the transporting
water. The transporting power increases as the sixth power of the velocity
With twice the velocity the weight of transportable par
(Hopkins, 1844).
ticles is increased 64 times; or, if the particles are of the same specific
if the velocity is doubled, may have four
gravity, the transportable particles,
times the diameter, or 64 times the weight.
The stones, unless they have the specific gravity of water, are moved
under the action of gravity,
mainly along the bottom; and being continuously
the movement of each, like that of a projected cannon-ball, is in a long
It makes a series of leaps, rising from the bottom and returning to
it, -the length of the curve varying with the velocity and the specific
a cloudi
The finest of sediment remains long in suspension, giving
gravity.
the
ness to waters; and it has been suggested that a partial alteration of
curve.
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feldspar to a hydrous alumina silicate is the cause. This finest of sediment
falls on incipient freezing (Brewer, 1883). Very thin particles, like scales
of mica, sink slowly, because the rate is that of
particles (of the same
density) having a diameter equal to the thickness of the scales.
They are
hence widely scattered by transporting waters.
Transportation assorts in proJ)OrLon to size and seeiiie gravity. -Iii
accordance with the ratio of transportation to velocity, it is found, supposing
the material to be alike in specific gravity, that a current of 4 miles an
hour will carry along stones 2 inches in diameter; of 2 miles, pebbles of 06
inch in diameter; of - mile, fine sand about 0064 inch in diameter; of 4 mile,
fine earth or clay, the particles 0016 inch in diameter.
Consequently,

materials will be arranged. over the bottom by velocity of flow, the coarser
dropping first, the finer at greater or less distances beyond, and the finest
floating on to other places of deposition.
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Again, sands of like size but varying specific gravity will be assorted on
the same principle, iron sands (U =5) being left behind where the current
is only sufficient to carry on garnet sand and other lighter kinds; and garnet
sand. (U = 36), where the quartz sand (U = 2G) is still kept in move
ment, so that several sorts of deposits may form by varying rates of flow.
If gold dust (U = 18 to 20) were in the waters, it would drop long before
the iron sand. The principle is used in ordinary gold washings.
In drawing inferences as to rate of flow (luring deposition from the
fineness or coarseness of deposits, there is need of caution, because flowing
waters do not "scour" at the rates mentioned, unless the materials are quite
loose. Very slight compacting at surfaces will hold the sands and earth
down. Let any causes stir up the bottom, then the principle works well
and in these modern times steamers up and down rivers, bays, and coasts,
often occasion that stirring which favors scour, to the benefit of navigation.

Professor Verrihl has remarked that the shells broken. up by fishes over the
ocean's bottom make loose material easy of transportation by the Gulf
Stream.
An important exception to this relation between size of particles and
hydraulic value, noticed and made the subject of special investigations by
E. W. Hilgard, arises from the tendency of time finer kinds of sediment in
fresh water, if the water is not absolutely quiet, to agglomerate their parti
cles, when not over 1 mm. in diameter, into larger particles, or to flocculate,
as he terms the process, and so take the hydraulic value of coarser sediments.
He shows that fine river deposits consist largely of such /tocenlatcd particles,
and that the fitness of soils for tillage depends largely on the porous condi
tion thus derived.
Some characteristics of water. - (a) A cubic foot of pure water at 2° F. weighs
43,495 grains, which equals (2355 pounds, or nearly 000 ounces avoirdupois = 28,315
0O00l80 of their weight.
grams. The soluble impurities of ordinary river water are
(Murray.)
Tinder a pressure of I atmosphere, water boils at 2I° F'. = 100° C. ; and under 45
2i5t)° C.
atmospheres, at 5106° F.
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(h) When water freezes, it Crystallizes in the hexagonal system either in slender
prisms ; in compact aggregations of prisms, making a mass of ice ; in small 6-rayed stars,
as in Snow ; or in feathery forms, as I1 the frost over windows and
pavements in winter.
In the thick crusts made over water in cold seasons, the
prismatic structure is vertical
except in a thin upper layer a fact proved by iiicans of polarized light.
(c) The density of water is greatest at 89"2° F.
40 C. From this point, it decreases,
or the water expands, iis the temperature falls to :°
F., the freezing-point, and as the
temI)erature rises above 3U2° F. The specific gravity of ice, relatively to water as the
unit, is 09178 ; and hence 11 volumes of ice make about 10 of water.
((1) The increase of bulk of water when it. becomes vapor, which it may at any temperature, is, under ordinary pressure, 1700 times ; and hence I cubic inch of water yields
about. 1 cubic foot of steam or vapor. The density of
vapor at 212° F., taking air as 1,
is 0623.
In the further consideration of the
subject of water as a mechanical agent,
the natural subdivisions adopted are: 1. FRESH WATERS;
nean Waters.

including especially Rivers, Lakes, and Subterra

2. The OCEAN.
3. FROZEN WATER, or Ice, Glaciers, Icebergs.
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I.

FRESH WATERS

The several topics are the following:
1. Gathering of water into rivers and lakes.
2. Working-power of rivers.

3. Methods and results of denudation.
4. Transportation and deposition.
5. Special points in fluvial history.
6
Subterranean waters.

GATHERING OF WATER INTO RIVERS AND LAKES.
from the vapors of the atmosphere, and
The fresh waters of time land come
these chiefly from the ocean, but largely also from the waters and moisture
of the land and its vegetation.
The conditions favoring the making of large streams are as follows: 1. Large drainage areas, with leigh mountains on their borders. -The cold
summits of mountains are condensers of moisture, and sometimes perpetual
condensers, when the country below is dry; and their elevation gives force
to the descending waters. Long slopes and combinations of those of differ
In the Americas the
ent mountain ridges and ranges make the great rivers.
Mountain chains of the opposite sides of the continent contribute toward
the Mississippi, St. Lawrence, Mackenzie, Amazon, and La Plata; and so
it is in the Orient. Short slopes hurry off the waters to the sea and make
small drainage areas.
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2. Abundant precipitation. -The annual fall of rain
(and snow) over the
Mississippi drainage area is, for the eastern, or Appalachian part, 40 to 50
inches; for the much larger west-central part, west of the
Mississippi River,
20 to 25 inches; for the western part, among the summits of the Rocky

Mountains, 25 to 30 inches. In the vast Amazon drainage area the annual
precipitation exceeds 50 inches both on the west and north, and is every
where over 25 inches.
3. Upward waste, or that by evaporation, small. -Under a hot and dry
climate, and in the absence of forests, the waste is great.
The western
tributaries of the Mississippi lose a large part of the waters received in the
mountains while descending the dry, bare eastern slopes. Where the Nile
takes its rise, the annual precipitation is over 50 inches, but it is not more

than 10 through the lower two thirds of its course. An extravagant example
of this waste is shown on the map of western Maui, on page 179, where there
are great channels in the mountains and mere threads over the surface to the
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west where it seldom rains.
4. Downward waste, or that by gravity and soil absorption over the drainage area, small. -Not only loose sands, but also many sandstones are very
absorbent; and limestones, although nearly impervious to moisture, are often
cavernous, and sometimes swallow up rivers. In western New South Wales
the rivers take only 2 per cent of the precipitation, owing chiefly, it is stated,
to the porosity of the sandstone of the region. Most lavas are porous and
somewhat cavernous, but may lose these qualities by infiltration of earth
from decomposition. Further, most stratified uncrystalline rocks are loose
in bedding, and take off much water along the open spaces between the

layers. Granite and other crystalline rocks make the tightest basins; for
they absorb little.
Frozen or icy ground is like impervious rock; almost all the water that
fails over it goes to the rivers. Moreover, in cold weather evaporation
carries off but little. Hence come the sudden rise and height of many
spring floods in cold-temperate latitudes.
In very dry and warm climates, where the precipitation is reduced to a
few inches a year, rivers fail altogether, or flow only during the short rainy
season. Between drying up under the hot sun and soaking away in the
or receiving
sandy soil, they are soon gone, and the lakes along their courses,
their waters, may share their fate.
Other sources of loss in surface waters are (1) the demands of vegetable
and animal life; and (2) the chemical combinations attending the decay of
rocks in which hydrous minerals, as the hydrous iron oxide and clays, are
made.
Of the water precipitated, the rivers may get 45 to 50 per cent over regions
of crystalline rocks, as is true of the Connecticut River. In other parts of
two fifths of what falls.
temperate latitudes the amount is usually a third to
But in warm latitudes it may be under one tenth. The mean annual dis
cent of the precipitation; it
charge of the Mississippi River is about 25 per
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averages 191 trillions (19,500,000,1)00,000) of cubic feet, varying from 11
trillions in dry years to 27 trillions in wet years. The Amazon, in the
tropics, with a drainage area not twice as large, carries to the sea five times
as much water as the Mississippi.
The mean annual discharge of the Missouri River is about 3 trillions, or
of the
amount of the rains over the region. The corresponding amount for the Ohio is 5 trillions,
which is the amount of rain. (Humphreys and Abbot.) The Ganges carries down about
4 trillions annually, and the Nile k trillions. The rivers of England and Wales carry to
the sea 18-3 inches in depth out of an annual fall of about 32 inches.

WORKING-POWER AND ACTION OF RIVERS.
1. Energy from height of fall. - Jt has been stated that in rivers the
water works as it falls; so that the amount of work done depends on the
rate of fall along its course to its outlet, and the amount of water.
In the mountain stream the slope of the water varies from 900, or that of
a waterfall, downward to one degree and less. But in the large rivers it
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seldom exceeds 12 inches to a mile, and is sometimes but one third this
amount.

The slope of the Mississippi, from Memphis down (855 m.) is 482 inches
per mile at low water; from Cairo, at the mouth of the Ohio (1088 m.),
694 inches; and above the Missouri, from its source, 11
inches.
The
Missouri, from its highest source (2908 m.), descends about 6800 feet, or

28 inches a mile; but from Fort Benton to St. Joseph (2160 rn.), about 11
inches; and below St. Joseph to the mouth (484 m.), 9.
(From Hurnphreys
and Abbot.)
of
the
Amazon
for
3000
miles from its
The average slope
mouth is less than an inch, the descent in this distance being 210 feet; of the

Lower Nile, not 7 inches; of the Lower Ganges, about 4. The Rhone is re
markable for its great slope, it being 80 inches per mile from Geneva to Lyons,
and 32 inches below Lyons. The tidal portions of rivers, which have no
slope with the rising tide, have a slope and a strong flow with the ebbing tide.
During high floods the course of a river is shortened, because the minor
bends are obliterated by the overflow, and where the channel is broad, and
open, the slope is commonly increased in amount and uniformity. Narrows

between rocky bluffs act like a darn, and diminish the pitch above them,
often spreading the waters into lakes, while they increase the pitch below.
At such narrows floating ice often makes obstructions in the spring, which
A dam higher up the stream, that
greatly increase the height of the waters.
obstructs or holds back the ice during its break-up, may save large areas
from the flooding effect of the narrows. Narrows are sometimes created along
streams by encroaching human "improvements"; but a narrowing either
of a river's natural flood-grounds or its place of discharge may be a source
of disaster. The water-power of the flooded river is safely controlled only
by keeping the channel and outlet large enough to carry off all the water as
it comes.
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2. The amount of work which a body of water, as that of a lake, can theo
retically do, on its descent to the level of the sea, is equal to the product of
the height of the lake (it) into the weight (W) of the water; and hence lVh
is an expression in foot-pounds for the energy or working-power potentially
present in the lake. The amount of energy in a lake a fourth of a square
mile in surface, 10 feet in average depth, and 400 feet above the sea level, is
1,742,400,000,000 foot-pounds ; - a power sufficient, could it be expended
without loss, to raise a mass of stone weighing about 8,00() tons to the top
If now the water were allowed to flow by a
of a mountain 10,000 feet high.
continuous slope to the sea level, without loss from evaporation, or from
resistance of any kind (such as friction, etc.), its velocity would increase
regularly according to the well-known law of falling bodies ; and, in this
increase of rate, it would be constantly accumulating 010-fly of motion, which
would be the exact equivalent of the energy of position it was losing; and
when it reached the lower level its velocity would be 160 feet per second
In the case of falling bodies the relation
(about 109 miles an hour).
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between the vertical distance fallen through (ii) and the acquired velocity
q being the force of gravity,
(v) is expressed by the formula v =
usually taken at 322 (it is 3216i at New York City) ; or, approximately
1,2.
In actual experi
(since 2g = 643), by the formula v = S /k, or FE =
ence the theoretical result cannot be realized. On the contrary, the velocity
of a stream does not increase uniformly as it descends, and when it reaches
the sea, whatever the elevation at first, its velocity is in most cases nearly
zero. This is owing to the fact that its energy, instead of being stored up,
is being expended against the various resistances encountered, that is (1) In overcoming friction between (a) the molecules of the water
itself; (b) the water and the bed of the streaiii; (c) the surface of the water
and the atmosphere.
(2) In impact, or blows against the rocks or earthy material of the bed
and banks of the stream; and in pushing sand or gravel along the bed.
(3) In transporting earth, sand, or stones, held in suspension in the
water.

(4) In overcoming the friction between the transported j)artieles and
the bed of the stream, and the friction between the particles themselves
and also the loss from eddies made by time character or foriti of the bed
or otherwise.
no accumulation can
By these means the energy is so far expended that
take place except on portions of a stream where the pitch is uniform and
In a waterfall, accumulation
considerable, and the bed is hard and smooth.
whole energy of time stream is lost in
goes on (luring the descent; but the
the stroke of the water at the bottom of the fall, where it is converted
into heat, - a fall of 772 feet producing heat enough to raise the tempera
ture of the water 10 F.
in the descending water of a
Owing to the rapid increase of velocity
waterfall, the stream in a high fall of small volume becomes divided tip, the
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parts running away from one another and finally separating into drops ; in
which case, owing to the resistance of the air, the
velocity, and therefore
is
almost
the energy,
wholly dissipated, and the fall becomes a veil of mist,

swayed by the winds.
3. Velocity of rivers.
The velocity of rivers varies (1) with their
slope
the
of
the
strictly
slope
upper surface; (2) with the volume of water; (3) with
the friction of the bottom and sides- which increases with the roughness of
its surface, and the shallowness of the stream for a given volume; (4) with
the degree of uniformity of the cross-section and uniformity of course, -for
in other words, among
abrupt bends and shallowings increase friction,
rivers a large stream of considerable depth, having a width not a score of
times greater than its depth, and a uniform cross-section and course, will be

least impeded by friction of the sides and bottom, and will work most effi
ciently. Over a bottom of ordinary kind the velocity is greatest along the
line of greatest depth; and in any given section the maximum plane of flow
is at or near the surface, at about one tenth of the depth (Humphreys and
Abbot), but varying between zero and two tenths. The retardation at sur
face is attributed by Professor James Thomson to the friction of the bottom
and sides; the eddying masses of water are thrown off by this friction,
which modify the velocity in all parts of the stream, but most at the
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surface.

The mean velocity is about four fifths of the greatest velocity; or better,
according to Humphreys and Abbot, it is almost uniformly 0955 of the
The amount (in cubic feet) of water passing is equal
velocity at mid-depth.
When
to the product of the mean velocity into the area of the cross-section.

two streams unite without increase of pitch, the velocity is increased because
the surface of friction is less than in the two flowing separately.
l-lumphreys and Abbot, in their Report on the Mississippi River (page 312), give the
following formula for calculating the velocity of large rivers. It is applicable strictly to a
limited portion of a large river without bends. It is as follows v = ([225r,s] -0 0388).
in which v is the velocity sought; s, the sine of the slope; and r, the mean radius = area
of cross-section, a, divided by p+ \V, or the length of the vetted perimeter (p) plus the

In time general formula, the sine of the slope = s = 4-. 1 = length of
a limited portion of time river. It = /t, + hil = difference of level of the water-surface at the
two extremities of the distance 1, in which 1 = the part of h consumed in overcoming
the resistances of the channel supposed to be straight and of nearly uniform cross-section,
and
= the part of it consumed in overcoming the resistances of bends and important
irregularities of cross-section. In the equation for large rivers, above quoted, h,, is thrown
out by the conditions.
width at surface.

When a river expands into a lake, the velocity of flow is diminished
because of (1) the greater capacity of the lake for a given amount of length;
increased surface for evaporation.
(2) the decrease in slope; and (3) the
There is little movement in the waters that lie below the level of the outlet.
4. Periodicity in working-power. - Rivers are periodical workers, owing
to periodicity in time day, the seasons, and in the longer elirnatal cycles.
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The changes of the day determine alternations in amount of
evapora
tion, and, with greater effects, alternations in the supply from snow-covered
heights. The night suspends part of the supply by the freezing that goes
forward; and the (lay starts the flow again, the effects
reaching the plains
below some hours after the change in the mountains, so that the
night is
often the time of greatest flow.
With the alternating seasons, the changes are of great magnitude. All
rivers have their annual season of quiet flow, when work is often
wholly
suspended, extending usually through most of the months of the year; and
then, once or twice annually, their periods of floods, when lazy streams
become impetuous torrents, and narrow streams mighty rivers, sweeping
over the bordering lands for miles, defying human attempts at management.
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In. mountain regions, and especially those of dry, almost rainless
climates, storms, called cloud-bursts, sometimes pass hurriedly and fill the
narrow valleys to a depth of 100 feet or more in a few hours, doing quick,
short, destructive work over small areas.

The flood season is geologically the working-time of rivers. After their
floods have passed, in which all work is of a broad sweeping style, rivers
return to quiet action along the bed, and often are divided into several
Sometimes only the stony
feebly chiseling strands along the channel.
bottoms of portions of the channel are left dry; or, as in parts of Australia,
there remains merely a string of small, distant muddy pools, in which only
Fishes that are doubly equipped with breathing apparatus, like the Ceratoclus,
could survive.

Rivers that rise in snowy heights, like the Rhine, Rhone, and Danube,
have their channels kept well filled in summer, the time of drought, because
that is the melting-time of the snows.
The flood season has its effects prolonged in many regions by the great
natural reservoirs over the land - the lakes and marshes. These stow away

the surplus waters and let them out gradually. Many temporary lakes are
made by floods which prolong greatly the period of high water under a con
dition that is convenient for mill-uses. Man makes reservoirs for the same
purpose.
Forest regions also keep the soil beneath them charged with moisture,
and, like lakes, help to give rivers constancy of supply and uniformity of
flow. And evil often comes when the forests are cut away; for the rain
waters then speedily reach the river-channels and may occasion alternate
periods of wasteful violence and worthless feebleness. The cutting away of
the forests in the French Alps (Dauphiné) has led to uncontrollable erosion,
despoiled fields, and impoverishment of the people; and, in America, to
annual seasons of dry mill-ponds, an immense sacrifice of available water
power, and the desertion of many a mill-site.
Where a river has its rainy region confined to the mountains about its
source, and flows below through dry plains, the floods travel gradually down
the stream, losing by evaporation and soil absorption as they flow on. There
is often much hard work done in the mounhins, and little below.

WATER AS A MECHANICAL AGENT.

17

The floods of the Nile commence in southern
Abyssinia (where the
annual fall of rain is 50 inches or inure) in
and
reach Cairo in mid
April,
summer, and exert their beneficial influence over all the flood
grounds
by the fertile silt deposited, which is estiniated to amount annually to
140 millions of tons. The maximum rise is 40 feet, and the area of the
region flooded is 2100 square miles.
The distribution of tributaries influences the time and amount of floods.
In the Amazon, the tributaries north of the
equator are flooded during the
season
of
the
northern
rainy
hemisphere, and those south, during that of the
southern. In this way many rivers, by their widespread arms, take advan
tage of the differences in the seasons or climates of the distant countries
whence they get their supplies.
The floods of the Amazon convert the larger
part of its 500,000 miles of silvas into one great lake; 3000 miles up the river,
an elevation above tide of only 210 feet is reached. The Mississippi hardly
feels the great floods of the Ohio unless they come when the Rocky
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Mountain tributaries are also flooded; and these western tributaries are so
widely distributed and so large that they may make successive floods, or pour
in all together in one vast deluge, giving the Mississippi in some places

below the Ohio a breadth of 50 miles. At high water the flood-level is O
feet above low water at Cincinnati, 51 on the Mississippi at Cairo, and 17' at
New Orleans.
The cycles of rainy and dry seasons sometimes seem to correspond with
the sun-spot cycle of 11 years; and greater cycles include 4 or 5 of the 11
year cycles.

No definite conclusions have as yet been formed regarding this

point.
5. Causes tending to determine the direction qf draining courses. - The
chief causes are the following.
As regards, (a) Slope. - The steepest descent accessible.

(b) Suiface.form. - A depression leading downward to concentrate the
waters from a large area for work.
(c) Basement rocks.-The belt of least resistance to wear. In the case
of upturned strata, whether folded or in monoclines, the belt of weaker
rock in the line of strike; or over folded rocks, the course of a region of
or not, of the folds (page
warped strata between the extremities, overlapping

388).
fractures and faults, and
(d) Fractures, faults.-The courses of great
rocks in mountain-making, as, for
especially those attending the flexing of
location of the Great Appalachian
example, those which determined the
northeastward (page 356).
valley of eastern Tennessee and its continuation
belt or region of greatest precipi
(e) Meteorological conditions.-The

tation.

DENUDATION.
1. Work of the rain-drop. - Denudation by simple impact of water com
mences with the descending rain-drop. The drop makes a shallow impres1)ANA'S MANUAL- 12
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sion on soft earth or mud by denudation, which is
circular or elliptical,
as
the wind blows or not. These impressions, if
according
they escape
obliteration by succeeding drops and are soon covered by a layer of sediment,
become "fossil rain-marks," and many surfaces so marked exist in the older
rocks, bearing evidence as to former rains, and also as to the above-u'uIer
level of the surface rained on. It may have been a mud-flat
exposed Iietweeii
When the drops strike a gravel bed, stones in the
high and low tides.
gravel
will protect the material directly beneath, while erosion around
may cut.
away the material, and leave standing slender columns, each capped with a
stone, as monumental evidence of the work done.
A miniature specimen of this work was observed by the author in 1SST,
alongside of the path leading down into Kilauea.
It had been produced by
from
drops falling
shrubbery, wet with the heavy
158.
mist of the night, to a bed of earth, three or four
feet below.
A portion of the scene is represented,
n ttui ii size, in Fig 158.
Columns of 10 to 30 feet are often made out of
beds of gravel, glacial drift, and the like.
Fig. 1i9
'j
r-eseiits
a case near Antelope Park, on a sinall tri
epi
of
the
Rio (irande, where a bed of tufa, over
utary
Drop-made columns. D.'87.
50() feet thick, contains large stones. The waters of
the rains descending along the surface of a vertical wall first made, beneath
the stones, bas-reliefs of columns, and then the free columns; and, in the
end, an area three miles long and half a mile wide
159.
was thickly covered with the columns, many 60 to SO
feet high, and some 400 feet (Endlieh, 1875).
The power of water-strokes is well illustrated by
the effects in gold-washings from a jet under a head
of pressure derived from the water in an elevated
reservoir, as in California hydraulic mining.
The
beds of compact auriferous gravel gradually return to
their original condition of loose earth and stones,
although struck only by a mass of pure water.
At Niagara, the spray made by the waterfall,
carried forcibly into an open chamber hehiul(i the

fall, causes the wear of the shales (James hail).
2. The excavation of valleys Den udution. excavation and denud ition, or I uid-s ulptui e are,
Ero-sion,
parts of one process. The simplest illustrations of

4
".

/:

9 f

the subject are afforded by the great, gently sloping,
columns x 04.
volcanic mountains, made up ehuefly of stratified
EndHch, '75.
streams of basaltic lavas.
In them, the slopes are
but 5° to 10°, and conditions determining direction of drainage are in general
reduced to two, the first and the last of those mentioned on page 177. The
facts here presented are from the author's observations of 1839-1811, pub.
lished in his Exploring Expedition Bepoit, 18-19.
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The earliest stages are well illustrated in the Hawaiian mountains. One
of them, Mount boa, 13,675 feet high (see Figs. 227 and 229), is still active;
consequently it is without river valleys or gorges.
Another, Mount Kea,
feet,
13,805
has many gorges on the wet or windward side, extending
upward
from the coast, where they are several hundred feet deep; but they go
only
half-way to the top. The leeward side is yet unchanneled.
The map here introduced is that of the
adjoining island of Maui.
160.
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On eastern Maui, the cone, 10,000 feet high, has a somewhat less recent
It has channels on its wind
aspect in its rocks than that of Mount Kea.
ward slopes, some of which reach up to the edge of its great crater; but on
At the
the leeward side only narrow trenches that seldom contain water.
same time, western Maui, nearly 6000 feet, has profound valleys in place of
the many small ones, marks of very long exposure to denuding agents; and
another island of the group farther west, Oahu (Fig. 257), is like Maui in
- a few crests and profound valleys in
having a western volcano in ruins,
place of even slopes, and an eastern volcano of much more recent aspect,
a disaster in which
though more gorged than eastern Maui. But it met with
over half of its mass sunk beneath the ocean, leaving a precipice for 20 miles

The nearly vertical surface has Con
facing the northwest or to windward.
this style of mountain archi
sequently a range of alcoves, finely illustrating
tecture. To the northward the alcoves are lengthened into gorges. Moreover,
over eastern Oahu the winds pass the summit of the precipice before the cold
so that the leeward slopes take
heights have deprived them of their moisture,
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it, and show- the fact of this i'einforceiuent of the streams in the depth of
the valleys.
Finally, in. Tahiti, as is shown in the map below, the work of erosion is in

a sense completed, in spite of the general covering of vegetation. The few
great valleys, which here take the place of the many of the early stages of
erosion, extend to the coast; and these valleys, instead o1 narrowing to the
1(U.

S

z

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

41

?j rplg

j
-

,,, .L

Ii4

ri"4

l

.J

.'

-'

s .1

-

"-I
" :._. :

Pp

-,

- -,

-

..)

\_ _yI
" -i,I $ theu tioiihern, or that toward the equator
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the
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excluded;
Map
PP, village of Iapenoii; NI, of Matavai P, of I ':paua 'F, of Toanoll I'', of PaI)ietl, the largest ; I", of
Punuavia. The valleys are named from the villages on the coast at their termination. \VIikes' Erplorio,,
Expedition Report.
summit, widen out and stop off abruptly under precipices of at least $OOi
feet.
Some widen at their head into great amphitheaters or cires (the
" of French authors),
illustrating well the origin of such amphi
cirques
theaters.
In the above examples, the rains and

mists of the ii iglier and cooler
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parts of the mountains, and especially those of the windward side, are the
source of the water.
The slopes collect it as it descends into streamlets;
these increase toward the foot, where the
valley, as Mount Kea shows, first.
takes shape.
The diagram Fig. 162, although
greatly exaggerated in angle of slope,
that of the line AB, - will serve to illustrate the
steps of progress. In the
a
forms
toward the base of the mountain, having its bed.
early stage
valley
162.
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A

163.

along irn; and later along no. On reaching o, the most of the descent of
the declivity is made: the waters from o to B have, therefore, little
eroding
power at bottom, and commence to erode laterally during freshets, under
mining the cliffs on either side, when the rocks admit of it, thus widening
the valley and making a "flood-plain," or "bottom-lands," by deposition of
the transported material in consequence of the slackened flow. The river,
in this state, consists of its torrent-portion, Ano, and its river-portion, omB.
Along the former, a transverse section of the valley is approximately V
shaped, and along the latter nearly U-shaped, or else like a V flattened at
bottom.
The river-portion, omB, usually exhibits, even in its incipient
stages, its two prominent elements, - a river-cli.annei, occupied at low water,

and the alluvial fiat, or flood-ground, which is mostly or wholly covered dur
ing freshets.
As the waters continue their work of erosion about the summits, where
the mists and rains are generally most abundant and often almost perpetual
through the year, the next step is the eroding about the summit and the con

tinued deepening of the torrent-channel, making thus a precipice under the
summit, or toward the top of the declivity; in this stage, the course of the
The stream has now (1) a cascade
waters is ApqB, and later, ArsB.
The preci
portion, and (2) a torrent.portion., besides (3) its river-portion.
iices of the cascade-portion may be thousands of feet in height; and the
waters may descend in many thready lines, to unite below in the torrent.
The mountain cone, in such a case, may have its top chiseled into a narrow,
crest-like ridge or peak, with many vertical alcoves in the face of the preci

pice that were made by the falling and leaping streamlets.
The next step in the progressing erosion, as Tahiti illustrates, is the thin
ning and wearing away of the ridges that intervene between adjoining valleys,
in the higher regions where the descending waters are most abundant. It is
in this way that two valleys (or perhaps more than two, by the wear of more
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ridges) are combined into an amphitheater or cire.
In Fig. 163, ArsB repre
sents the course of the stream, as in Fig.
102; and AefB the eroded ridge,
which has lost at e much of its height.
The ascent of the mountain by following the
valleys is in such a ease
wholly impossible ; it can be accomplished only by finding the ridge that has
held on to its summit connection with the peak. On Tahiti the
ridge by
which the author made his ascent to b, the peak called Aorai, about 6000 feet
in height, narrowed to two or three feet, and for a short distance to a
single
foot, putting risks into the excursion, since the
either
side
fell
off
for
slope
1000 to 2000 feet at an angle of 60° to 70°. Between b and a
(the highest
peak, Orohena) the "divide" was reduced in height more than 1000 feet, and
the summit at b was but six feet broad. All the outlines of the
original
crater had disappeared.
The lavas usually lie in beds
dipping seaward, but
those of the central precipices were without bedding.
From the steps in the work of erosion over such isolated volcanic moun
tains it becomes evident that further progress would result in narrower,
thinner, and if possible steeper ridges; and, even when nearing the end, in
sharp crests and ridges, which finally would be likely to disappear through
weathering agencies. A flattening of the mountain would come at the very
end, and not be a step in the progress toward it.
These explanations show that a river rising in high mountains has (1) its
torrent-portion, and (2) its river-portion, along which it is bordered by floodgrounds.
The river-portion consists (1) of an upper section of rapid waters, along
which erosion at bottom is continued, and the amount removed exceeds that
of deposition; (2) a section of feebler descent and slower flow, where the

removal by erosion in floods does not exceed that of subsequent deposition,
so that the stream has ceased efficient work.
It has reached base-level-as
the condition has been termed by J. WT. Powell. This base-level section
may end below in a decrepit portion, over which deposition along the bed
exceeds the amount removed in floods, so that thus a silting U of the chan
nel, and also a corresponding rise of the flood-grounds, go on.
In the small Pacific islands these sections of the river-portion of a stream
are short and not always present. But on the western side of Maui there are
remarkable examples of a decrepit ending; for, while the valleys in the wet
and cool mountains are wide and profound, as the map slio's, the stream over
the leeward (and hence nearly rainless) plain at the western foot is reduced
to a narrow trench, which part of the time is dry.
3. River valleys of the continents. -Over a continent where declivities are
- often hundreds of
long, and the gently sloping plains have large extent,
each of the divisions of the river-portion of a stream, that of
miles in width,

More
rapid-working waters and that of base-level, is often of great length.
over, along many streams there are often several base-level portions, made by
obstructions; but where this is the case, as Powell remarks, it is evidence of
the relatively recent origin of the stream; for the wear of ages tends to
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remove the obstructions and reduce the stream throughout, or far toward its
source, to a base-level condition.
In New South Wales, Australia, where a friable Triassic sandstone 2000 to
4000 feet thick is the prevailing rock over large regions, the
river-portion of
some streams is continued from the coast, between nearly vertical walls of
the sandstone, almost to the mountains, and there ends abruptly in the cas
cade portion of the source. The following figure illustrates the steps of
progress: first, the out of a torrent-channel to Ca'; and then the retreat of
the torrent portion by the continued wear, and the lengthening of a river
portion from a' to it' and so on to a4, n5, n6, when the torrent-portion is
reduced to a series of waterfalls. Over the wetter interior portion of the
164.

.

----- fl ---'

Ideal section illustrating progressing erosion of a stream. D. '49.
country the valleys have often great breadth, and at the head widen into
circs, owing to the many streams descending the steep sides; but toward the
coast, where the climate is relatively dry, the breadth does not much exceed
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

that of the inclosed stream.

A model of a system of erosion is often admirably worked out in the
earthy slopes along a roadside, -the little nil having its cascade-head, then
its torrent-channel, and, below, its flat alluvial plain, intersected by the little
winding water-channel; some of the ridgelets worn away in their upper
parts, until two or more little valleys coalesce; then, at times, the head of
the coalesced valleys widened into an amphitheater, and the walls fluted into
a series of alcoves and buttresses.
The process of raising the bed and flood-grounds of a river is often pro
moted by the embankments made along the lower part of their course to
the depth by scouring. On some
prevent extensive flooding, and to increase
of
Japan rivers, the beds, owing to the silting and the consequent making
artificial embankments, are now 40 feet above the plains over which they
flow.
In all improvements, it has to be remembered that the amount of
water discharged by a flooded Mississippi cannot be lessened by choking it.
It must and will have room to flow in, however desirable it may be to rob it
for storehouses and dwellings.
The flood-grounds of some large rivers extend scores of miles from the
low-water channel.
On the Mississippi, abreast of Tennessee, they are in
some parts over 50 miles wide; on the Amazon (up which the tides go 400
miles), over 100 miles; and on the Paraguay there are lagoons 300 miles

in length.
4. Bends. - Where the pitch of the stream is very small, any obstruction,
or inequality of bottom, that throws the flow of maximum velocity to one side
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of the axial line, causes it to strike and erode the bank in front and
deepen
the water, and to transfer the sand or earth removed
the
erosion
to the
by
bank
of
the
stream
for
a
sand-flat; and it thus commences a curve
opposite
in its course, which may become a deep bend; and this bend
may continue
the action and be the occasion of a succession of such
windings. The length
of the Mississippi between the mouth of the Ohio and the head of the
passes
at the Gulf of Mexico is 1080 miles, while the actual distance in a
straight
line is about 500 miles.
Cutting off a bend to shorten the distance along
the stream increases at the place the pitch, and
thereby the velocity, and
the
waters
gives
greater eroding power. The flow, consequently, would
the
channel.
But it is likely also to erode the banks, and may carry
deepen
away all the farming land the cut was intended to gain or make accessible.
During great floods, a stream may cut off one or more of its bends, as has
happened in the Mississippi, along which narrow loop-form lakes and dry
channels have thus been made.
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Many examples are on record of gorges, hundreds of feet deep, cut out of
the solid rock by only two or three centuries of work. Lyell mentions the
case of the Simeto, in Sicily, which had been dammed up by an eruption of
lavas in 1603. In two and a half centuries, it had excavated a channel 50
to several hundred feet deep, and in some parts 40 to 50 feet wide, although
the rock is a hard solid basalt. He also describes a gorge made in a deep
bed of decomposed rock, three and a half miles west of Milledgeville, Ga.,
that was at first a mud-crack a yard deep in which the rains found a chance

to make a rill, but which in 20 years was 300 yards long, 20 to 180 feet wide,
and 55 feet deep; and Liais describes a similar gorge, of twice the length, in
Brazil, made in 40 years.
5. Eddies, Pot-holes, Kettle-holes. - Flowing water gathers into its current

any still waters alongside, to fill the void behind, which the flow tends to pro
duce, and thus eddies and eddy currents are made. When alongside of a rapid
current, any obstruction or shalloving causes there a diminished velocity;
eddies become whirls, and the whirling waters bear around stones which
abrade the rock beneath -new stones being carried in to replace old ones as
they wear out. This kind of boring often goes on with hardly more change
of center than in a carpenter's work with his augur, and deep cylindrical holes
Under a waterfall a broad basin
have been bored into the hardest rocks.
Pot-holes are usually from 1 to 6 feet in
may be excavated in like manner.

diameter, and 2 to 20 feet deep.
Kettle-holes are nearly circular basin-like holes 50 to 150 feet and more
For some
in diameter, in stratified or unstratified sands, gravel, or drift.
reason they have failed to become filled up to the level of the region around.
With regard to some, at least, of those in stratified terrace formations (see
were originally holes
page 299), the facts appear to indicate that the spots
of moderate size and depth in the surface beneath; and that in the rush over
the spots by the flood waters that deposited the stratified material, the
waters kept them free of detritus by the whirl occasioned by the depth.
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6. Water falls. - The facts reviewed show that
wateifall8 are often a conse
of
the
alternation
of
hard
and soft strata in the course of flowing
quence
waters. The hard strata resist downward wear; the soft
yield easily.
Down the waters go, working with new force from the fall; hence
they un
dermine the hard bed and thereby steepen the descent often to a vertical or
even an overhanging front. The columns made
by drops (page 178) partly
illustrate the principle.
The waterfalls about the head waters of rivers in the mountains have a
different origin; for the lofty precipices may be cut out of a
single block of
rock, as in the case of the central portion of Tahiti. These
precipitous walls
are a consequence of the prolonged erosion of a region until a larger
part of
of
the vertical descent
the stream is made at or near its head.
far
down
Waterfalls
the courses of rivers, like that of Niagara, are looked
as
evidence
of
the
upon
recency of that part of the channel which contains
the fall (Powell). But those about the source in the mountains may be,
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on the contrary, a final result after a long era of erosion; not the ultimate
result, for the last end of the work would be the degradation and removal
of the crested heights.
7. Features of mountains; Forms made by water-sculpture. - Elevations of

all kinds have derived their existing features largely through water-sculp
ture.
Tahiti was originally a lofty mountain, probably twice its present
height, with low, nearly even, downward slopes in all directions, and only

small unevennesses from the piling here and there of lavas through localized
eruptions. It now is a mountain of peaks, crested ridges with lofty preci
pices, and vertical lines in all the features. But water has no need of a

mountain mass to make the grandest of so-called mountains.
It will work
into
mountain
an elevated plateau, horizontal in surface,
forms, and so make
or
that
of the plateau.
mountains without any upturning
uplifting except

The chief part of the features produced come from the alternation of
hard and soft strata among the stratified rocks; and these are greatly varied
by the positions of the strata. The elements of this system of architecture
are well illustrated in the figures on page 186 by Lesley, taken from his
work on Coal and its Topography (1856), in which the author has given

the results of extensive personal observation in the Appalachian region.
The
harder strata may be bard sandstone, or limestone, and the softer, shale or
The first figure (165) illustrates the origin of a
crumbling sandstone.
"
"table mountain" or
mesa " (Spanish for table), a hard layer making the
top, and, by resisting wear, protecting the softer beds directly below it. The
other figures illustrate other effects, under the same principle, in rocks having
various positions.
Figs. 166 to 172 are synclines, and 173 to 176, anticlines,
of different forms, in three of which a valley has the place of the upward
bend - a common fact in the Appalachian Mountains.
Monument Park in Colorado is a region of Tertiary sandstone carved into
monumental forms by denuding processes, the winds having given finishing
touches.
As the view shows, the thin, harder layers in the sandstone make
the caps and moldings of the monuments.
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168.

169.

171.

172.

174.

175.

170.

173.

176.
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Sections illustrating results of denudation. Lesley.
The Colorado Cañon, along an east and west portion of the river, between
the meridians of 111° and 115° W., 3000 to more than 5000 feet in depth,
It was
affords grand illustrations of cañon-making by water-sculpture.
studied at some point, by Nevberry in
177.
the Ives expedition in 1S57-58, and more
fully by Powell in 1869-1872. The rocks
-

(.

-

-

--

&

'.

are horizontal or nearly so, and their
edges make the vertical walls of the

cañon. In some parts the cañon is cut
out clean from side to side, with barely
room between precipitous walls 3000
feet high for the stream, as in the "Mar
ble CaJion," (Fig 178) -an eastern porton of the stream north of the west
ward bend. In other parts, a wide region
intervening between the lofty walls of
rock is sculptured throughout into moun

tains 3000 to 5,500 feet in height, consti
tuting a group of architectural structures
of unsurpassed grandeur. Part of one of
Erosion, Monument Park, Coiur,idu. hayden.
the views from Captain C. E. Putton's
on page 188. The principal
History of the Grand Cañon (1882) is given
mass to the left of the center bears the name of Visititu's rfemflple and
has a height above its base of 5500 feet. The walls in the tlistanee ate
the northern walls of the cañon, and the foreground to the right in front is a
of the cañon, at the
portion of the opposite or south side. The. deeper part
The
base of this side, containing the river channel, is not in the view.
As all is bare rock,
peaks of the interior are higher than the Appalachians.
the view is a remarkably instructive example of simple denudation.
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Tlu~ ef'f, TL~ (I r a IL«' l'll :t t.ion iII ha rd and Sll ft Ia .}'I' I'~ . di s ta ut 1y ::; lJ:tCell or
g roupt->d , :tppt·ar t ltruughuu t th e sce ne. Bes id es, t lll'l'C are r ulumnar lines
du e to ,·crti t·al j uints II\ tlu.~ h:u·dor buds, o r to rill-w ork •lo\\' n the vertical
ami s lopin g su rfttl'l':i.
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178.

Murblc Cuilon. !•'rom n photograph.

The rock of t he level regi on. eithe r s ide of the ca.fion, anu of the upper
part of th e wall s, is Carboniferous limestone. Below n.re Paleozoic sandstones and othe r limestones, def;cemling to the C::uubria.n; at bottom, iu
some pn.rt::;, nnd fu r a height of 500 to 1000 feet n.uovt>, tht> rocks are granitic.
Jf:my viP\\'S n f t h <' Colomtlo Ca fion a.lso show rang(_)s of fiat- topped
mountain hL~ i~ltt s to th 0 north, all of whi ch have si milar a rchiteetural
f1'ature::; in their d eclivities, y<.~t with JH' c·nli:nitics belongi ng severally to
tlte rocks of t h e tli ffe1·e nt periotl~ r~pn~Sl-\ llted. A:5 do~e ribe1l by Dutton,
fll·st, in the a s1w n t t o th e Hnmmit., therf' :1,re the T ri assic'' Vt:)rmilion Cliffs";
abnv~ tlwsP th e \\'ltit.e ;wd red tlurn.ss ic; th en th e pale y ell o \\', gray, and
brown C retac· <"ons strata ; and a.t t he top gJ'L':tt plains, the Hi g h Pla.tea.us of
Utah, th e hi g hest nearly 12,000 f~et above sea level, wlti ch, unlike the
Rlopes, are con•red in some parts with forests. The vegetation at the sumlllit is aecountl•cl fur, says Dutton, by the fact that the r ai nfall there is 30
inches a ~·e:u·, while ouly four to eight inches in the lower country. These
mounbtin pla.tt~aus are r emnants of formations that once covered the cafiou
region and extended fax away into Arizona..
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The results are the more marvelous in that they are the work of the later
part of geological time, commencing after the Tertiary era had begun. They
show that to produce a mountain group, with summits thousands of feet above

the plain around, it is only necessary that subterranean action should make
a plateau of sufficient extent and elevation. Through the rains, the sculp
turing will all be done in time. Many of the so-called mountains of Cob179.
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View of peaks and ridges within the Colorado Caflon, south of the Kaibab Plateau. W. H. Holmes.
rado and other parts of the Rocky Mountain region, and some. of those in
eastern America, as the Catskills in New York, and parts of the Alboghanies,
consist of nearly horizontal strata, and are exam pies - not of mountains Made
Scotch val
by upturning, but of plateaus carved into models of mountains.
first right ideas on this subject.
leys and elevations so modeled gave 1-Imitton the
The "harder" rocks in the scenes described, it is to he understood, are
not granite, gneiss, syenyte, and the like; they are not rocks of any particular
kind.
Granite may constitute the loftiest and boldest of ridges and inoumm-
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tam

needles; but much of the granite of the world
easily crumbles under
atmospheric influences, and makes the tamest of scenery.
Slates standing
on end often bristle slopes with
projecting ledges, and rise into lofty needles
that defy the elements, like the Matterhorn in the
Alps; but other slates are
and
wear
down
into
hills
of
fragile,
gentle earth-covered slopes.
8. Climcitul efficts. - Climnatal causes also have
great effect on the work
of rivers. A wet climate produces abundant
vegetation, which is more or
less a protection from Wear; and in tropical
regions it covers even precipices
with ferns and other foliage.
It also occasions rapid decay
by the chemical
and other weathering methods.
Moreover, it sometimes makes deep, hard
working rivers, torrents that sweep away roughly, degrade rapidly and per
sistently and leave behind massive peaks, broad mountains, earth-covered
slopes ribbed or belted by the more enduring beds, with gently swelling out
lines over the lower slopes, and foliage almost everywhere.
A dry climate, on the contrary, as in the Colorado
region, and, that of
Yellowstone Park, makes small streams or streamniets in the mountain
valleys,
many of which through much of the year are only threads of water, if not
wholly dried up.
They hence finish off with sharp and delicate outlines.
All the variations of the beds in hardness are expressed in series of
pro
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jecting edges beneath the broader shelves and entablatures. The jointed
structure of the thick, durable beds adds much to the diversity of surface,
instead of insuring the removal of the beds. The winds also aid with

lighter finger.
In such regions, color from foliage may fail. But the dripping waters of
the occasional rains, or the oozings through the steep mountain-sides, transfer
to the surface the results of oxidations and deoxidations, and, paint the walls
with various delicate tints.
Even alternations of half-hardened clay-beds and sand-beds, under such
conditions, as Colorado scenery illustrates, may be cut into groups of pinnacles,

turrets, and columns finished with capitals and bases which will last indefi
nitely; for whatever the occasional supply of waters to the channels, it ends
in reproducing the same features in the soft beds. Appalachian rains, as
Powell says in his work on the Colorado Cañon (1815), would soon oblit
erate much of Colorado scenery. The excavation of the Colorado Cañon
has been chiefly due to great floods; but the finishing work carried on
within it has been of the gentler kind.

TRANSPORTATION AND DEPOSITION.
Amount of material transported and deposited by rivers. -The materials
stones, pebbles, sand, and clay or
transported by running waters are (1)
earth; (2) logs and leaves from the forests, and sometimes trees that have
been torn U OF dislodged by the current; (3) Mollusks and their dead shells,
Worms, Insects, etc., attached to the logs or leaves; (4) occasionally larger
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animals, that have been surprised and drowned by freshets, or bones that
have been exhumed by the waters.
The amount of transportation going on over a continent,
especially in
seasons of floods, is beyond calculation.
Streams are everywhere at work,
rivers with their large tributaries, and their thousands of little ones
spreading
among all the hills and to the summit of every mountain; and thus the
whole surface of a continent is on the move toward the oceans. The amount
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transported is a measure of the amount lost by the land, as well as of that
gained by the river plains, lakes, and seas. The amount of silt carried to
the Mexican Gulf by the Mississippi, according to the Delta
Survey under
--the weight of the water, or
its
Humphreys and Abbot, is about
bulk; equivalent for an average year to 812,500,000,000,000
pounds, or a
mass one square mile in area and 9,141 feet deep.
The following table contains the ratio of sediment to water by weight, as obtained by
the Delta Survey, and also the results of other investigations.
I'llth,.
River,
at
Carroilton,
Delta
1:
1808 12 mos., 1851-1852.
Mississippi
by
Survey,
River,
at
Carroilton,
Delta
1
1449 12 mos., 1852-1853.
Mississippi
by
Survey,
River,
at
Columbus,
Delta
1:
1321
0 tubs., 1858.
Mississippi
by
Survey,
River,
at
Mouths,
Mr.
Meade,
1:
1256
2 urns., 1838.
Mississippi
by
River,
at
Mouths,
Mr.
Sidell,
1:
1724
1838.
Mississippi
by
Mississippi River, at various places, by Prof. Riddell, 1: 1245 l4days, summer of 1843.
1 1155 35 days, summer of 1846.
Mississippi River, at New Orleans, by Prof. Riddell,
Rhone, at Lyons, by Mr. Surell,
1: 17000 1844.
1: 2000 4 mos., 1808-1809.
Rhone, at Aries, by Messrs. Gorsse and Subours,
Rhone, in Delta, by Mr. Surell,
1 : 2500.
1: 858, at flood-time.
Ganges,

For the Danube, the ratio at low water is 1 33,000; at flood, 1: 2400; for the Po, at
flood, 1: 300 (Lombardini) ; for the Meuse, at low water, 1: 71,420; at flood, 1: 2100
(Chandeilon); for the Irrawaddy, at low water, 1: 5725; at flood, 1: 1700 (Login) ; for
the La Plata at Buenos Ayres, 1: 7752, at which rate it carries seaward about 224,000 tons
of sediment each 24 hours, but dropping part of it along the 100 miles before it reaches
the sea (Higgin).
The annual discharge of sediment from the Ganges has been estimated at 6,369,000,000
cubic feet, or 378,100,000 tons. The Nile brings down annually nearly 150,000,000 tons.
The bulk may be calculated, by taking 19 as the specific gravity of the material.
Besides the material held in suspension, the Mississippi pushes along into
the Gulf large quantities of earthy matter; and the annual amount thus
contributed to the Gulf is estimated to be about 750,000,000 cubic feet,
which would cover a square mile 27 feet deep; and this, added to the 241

feet above mentioned, makes the total 268 feet,.
of a foot annually from
This amount is equivalent to an average of
the whole drainage area of the river; or, in other words, the area would be
lowered by it, on an average, one foot in 4920 years. The Gauges works
faster, the amount it transports to the sea being such as would lower its
drainage area, on an average, a foot in 1880 years. All the rivers that enter
the ocean or the seas over the land, are working in the same way, and with
results to the continental surface mostly between these two extremes.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

WATER AS A MECHANICAL AGENT.

191

T. Mellard Iteade estimates that the water (about 08,451,000,000 tons) which
annually
runs off from the area of England and Wales carries to the sea 8,370,630 tons of
solids in solution, or 1223 parts in every 10,000 of water, consisting of about 095 of
calcium and magnesium carbonates and sulphates, 0l66 of sodium chloride, and the rest
nitrates, sodium carbonate, alkaline sulphates, silica, and iron sesquioxide; and at 15 cubic
feet to the ton, the denudations thus occasioned would equal one foot in 12,978 years.
Prestwich obtained (1872), in a similar calculation, one foot in 12,000 years for the calcium
carbonate carried off by the Thames from the chalk, greensand, and oölitic formations.
The total annual denuiation for England, from this source alone, is made 1435 tons per
square mile. The Rhine, according to Reade's calculations, removes about 023 tons in
solution per square mile ; the Rhone, 232 tons; the Danube, 727 tons; the Garonne, 142
tons ; the Seine, 07 tons. From these data the conclusion is reached that over the world
the average annual amount of rock-material dissolved and carried off by rivers is about
100 tons per square mile, of which about
is probably calcium carbonate, - calcium
7
tons
silica,
4
tons
each
sulphate,
magnesium carbonate and sulphate and sodium chloride,
and 6 of alkaline carbonates and sulphates. The annual amount of detritus brought
down by the Danube is about -5016,1 of the water, or three times the amount of solids in
solution. Taking the amount of solids removed mechanically at six times that in solu
tion, the total annual amount of denuded material for the globe would be 600 tons per
square mile.
While the land loses through erosion, the gain of the oceanic depressions, or of its
borders, is exceedingly small. C. G. Forshey, after stating that the Gulf of Mexico has
an area of 600,000 square miles, an average depth of 4920 feet, and is about 85,000,000,
000,000,000 (85 quadrillions) of cubic feet in contents; that its whole drainage area is
2,161,890 square miles, and the amount of fresh water it receives from this area is 3778
trillions of cubic feet; adds that if empty, it would take its tributary rivers at this rate
2250 years to fill it with water, or the Mississippi alone, 4000 years. Consequently, if all
the rivers contribute on an average
their bulk of detritus, it. would take nearly
6,000,000 years to grade the depression up to the sea level, or for the Mississippi alone, about
11,000,000 years. This statement assumes that the bottom does not sink under the load.
The quantity of wood brought down by some American rivers is very
great. The well-known natural "raft," obstructing Red River, had a length,
in 1854, of 13 miles, and was increasing at the rate of one and a half to two
miles a year, from the annual accessions. The lower end, which was then

53 miles above Shreveport, had been gradually moving up stream, from
the decay of the logs, and formerly was at Natchitoches, if not still
farther clown the stream. Both this stream and others carry great numbers
of logs to the delta.
DISTRIBUTION.-The transported material of rivers is distributedand mud-flats, and deposits
(1) Along the channel, forming sand-flats,
also in the lakes of the drainage area.
what these may annually lose dur
(2) Over the flood-grounds, supplying
thus making fluvial or allu
ing floods, and adding, in places, to their height,
vial formations, and, about lakes, lacustrine formations.
rivers, making deltas on the sea border
(3) About the mouths of tideless
and on lakes.
shore and off-shore
(4) About the mouths of tidal rivers, making estuary,
of
This last subject is deferred to the chapter on the Work
deposits.
the Ocean.
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(1) General distribution. -The material carried down by a river is only to
a very small extent gathered by the main stream from its head sources. The
upper contributions are nearly all left high up the valley, and only little
of the lighter sediment received usually continues far down the main trunk.

A river has many contributors along its course, each pouring in coarser or
finer sediment from cobble-stones to silt, according to its pitch, velocity, and
resources; and what each, in succession, contributes, the trunk stream dis
tributes and deposits about and below the place where received, dropping it
near by if it is coarse, carrying it on for awhile if fine. Thus from the suc
cessive depositions of the material of the successive tributaries, the trunk
stream produces its "fluvial fornjatioiis." Such a formation may therefore
be continuous through the whole length of the river-portion of the stream,
but be exceedingly varied in constitution. In addition to all this, the river
has often, in its course, steep rocky shallows and deep lake-like portions, if
not true lakes; and thereby the waters may have all grades of velocity to

These different styles of flow will be continued to some extent
through ordinary floods, notwithstanding the generally quickened move
ment; and this is another source of diversity in the fluvial depositions, since
deposition is dependent on rate of flow, and the slow lake-like waters deposit
fine material over their flood-grounds as well as along their banks and
bottom.
No pebbles or stones above a region of sleepy waters could get
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the gentlest.

across to join a pebbly region made below by a tributary; they must be ground
up for transportation and then take their chance with other fine sediment.
Depositions are made along broad channels when the flow is not rapid
down
enough throughout the breadth to sweep all the transported material
stream. The chief current (or currents) makes its own deep, often stony,
slower flow,
passage-way; but either side the detritus drops because of the
and raises the bottom more or less, or to the surface, according to the degree
of slowness, the eddying currents, and the supply and fineness of detritus.
The trend of the shores, pitch of the bottom, and other causes, locate the
swifter currents in the channel, and thereby tend to locate the banks or reefs.

A stranded log may change the course of the former, and thereby the posi
tioris of the latter. The lodging of drift-wood on a sand-bar may serve to in
crease the accumulation over it, and so change the bar into a wooded island.
But high floods rob the bars at the same time that they add to them, or they
to form other bars and
may sweep them away, even if already an island,
islands. They push along the movable detritus of the river's bottom, and
also drop more to keep it generally at the old level. Thus all is movement
and change along a river's channel, and deposits of all degrees of fineness or
coarseness may be of simultaneous origin.
When two rivers unite, one often makes a shoal in the other, by throwing
a bar across the channel through the descending detritus of flood-waters.
the
The waters of the upper Mississippi are pushed to the opposite shore by
made
contributions of a tributary, and a deep, still-water, navigable area is
if not in
above the junction, and rapids below it. Further, the tributary,
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flood at the same time, will have its mouth filled with sand-bars by the
greater river, and often, also, in spite of its floods. This subject is well
ihlustrateil in Reports on the. Mississippi and its Tributaries by General
G. K.. \Varren.
Sand-bars ; obliquely laminated structure. - A sand-bar, as shown by Gen
eral Warren, has usually a slight pitch up stream and a steep one at the down
stream extremity. The sand is tvried on until the crest is reached, when
it falls over and stops in the still water below. The stratification will corre
spond with the surface; and as the sand-bar extends itself down stream by
the additions to its extremity, the pitch of the down-stream extremity will
determine oblique bedding parallel with it. The pushing of detritus along
the bottom of a river must result in similar oblique bedding. But in both
cases, oblique deposition will be followed by deposition in horizontal beds
when the floods are declining, so that combinations of the two, often of a
very irregular character, should exist in such deposits.
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(2) Over the flood-grounds.-The flood-grounds or river-flats are under
water only in times of floods. As the water rises in the channel, the velocity
slowly increases; finally, where too great to be further withstood by the
earthy banks, the waters spread laterally to the limits of the flats. They

lose in velocity, and drop more or less of the material transported, resting
long after the flood ceases for such deposition wherever the surface is low.
At the same time, the upper or surface portion of the flood-waters may shear

off any accumulations above the general level, left by a former higher flood,
or may work with the outer margin to extend the limits of the flood-grounds.
The flood-grounds may thus lose from their surface, and, in parts, be cut

away to open new channels; but they generally gain as much as they lose
or more.
Along the sides of the channel they are often built up higher than
elsewhere, thus making high banks which may be emerged during an ordinary
flood. This raising of the margin takes place because of the deposition from
loss of velocity by friction against the banks, and because logs and debris
of other kinds are here stranded; the debris serves to impede the velocity

still more and thus is buried by the sediment. Further, an emerging bank
These raised banks are
often catches floating seed and grows shrubbery.
most common along the lower, less vigorous portions of a river. They give
the flood-plains a slope outward on one or both sides. Along the lower Mis
sissippi the pitch from the river amounts, on an average, to seven feet for the
first mile.
As above explained, the deposits of the flood-grounds
(H. & A.)
finest of silt, or the coarsest of gravel and stones, according to
may be tl
The course of a tributary from a
the region and the pitch of the stream.
mountain region over the flood-plain of the main stream may throw into
and across the earthy or sandy flats of the latter a wide thickening bed
of stones or gravel.
A flood-ground is properly the surface of a terrace; and it is the lowest
of the terraces where a valley has several. Terraces occur along nearly all
DANA'S MANUAL. - 13
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river valleys in the northern half of the United States, and in some. of the
southern half. Fig. 180 represents the terraces in the Connecticut
valley,
south of Hanover, N.H.
The fluvial beds in these terraces consist of sand,
gravel, or clay; and
ordinarily the stratification is very distinct. The sand-beds often have the
cross-bedded stratification, illustrated on page 93, and in some
places the
structure.
flow-and-plunge

The height of flood-plains in a valley is determined approximately by the
height of the floods. Floods raised to different levels would tend to make
plains at different levels, or terraces, in the valleys of a country. If a high
flood-level had thus made a high flood-plain or terrace, other terraces might
180.
-

-

TEE

-

-

-

-
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Terraces on the Connecticut River, south of hanover, N.h. li. Bakewdll, '4h.
be formed at different levels below this during the decline of the flood, if it
were slow and intermittent in progress, by lateral removal of material, or by
new depositions. The enormous floods from the incIting ice of a glacial
era would be subject to just such slowly progressing and intermittent decline,
because of the thickness of the ice, and its long continuance about the
mountains, and might, therefore, leave the valleys with one or several
ranges of terraces.
1. Alluvial cones. - The deposit of a rapid tributar at the base of the
ridge it descends, where it meets the broad plain of the valley, piles up and
makes a low elevation which is called an ((llUei(t1 cone. The steeper cones are
made by torrents at the base of rapid declivities, and have an angle of 10° or
more, and those of large streams spread away at a very small angle, often 1°

or less, and usually terminate in the main river of the valley, or a lake, with
the form approximately of a delta.
Figs. 181, 182 represent such cones
from the upper Indus Basin, described and figured by F. Drew (18'3).
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The torrential stream in its flood-time cuts channels
through the cone that
later quiet depositions fill 111).
In Fig. 18 a Cone is encroached
upon (near d)
Alluvial cones, of great size and low
by the river.
occur
at the base of
angle,
the mountains in the Great Basin and in some other
parts of the Rocky Moun
tain region, and have been described by Gilbert
(1877-1890), Dutton (1880),
181.

182.

:
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Alluvial cone or fan-talus of upper Indus Basin.

Triple alluvial cone, ibid. Drew.

and I. C. Russell (1885). The gravelly deposits of this kind at the mouth of
tributaries in the Connecticut valley and elsewhere were called deltas by
E. Hitchcock, and the terraces over the surface either side of the stream,
delta-terraces.
2. La'ss. - The terrace-like deposits along portions of the valleys of the

Rhine, Danube, and Mississippi consist of loamy earth called loess , which is
peculiar in its absence of stratification, and often also in its vertical surfaces

of fracture.
The have remarkable extent along the Hoang Ho in China.
The accompanying sketch, from Richthofen's great work on China (1877),
shows its usual landscape features.
Erosion reduces portions of its margin

to a collection of towers, peaks, and deep and narrow labyrinthine passages
and human contrivance makes dwelling-places by excavation. The thickness
is stated to be in some places 2000 to 2500 feet. The material is a brownish

yellow earth, containing land-shells and calcareous concretions. It occurs at
several different levels along the river, 100 to 250 feet within 175 miles of
the sea; next, beyond a region of mountains, 1800 to 3500 feet; after passing
another mountain region, 4500 to 5800 feet; and it is stated to extend to
the most western sources of the river over 900 miles from the coast. The

river at these levels, as in other cases of lss deposition, was probably lake
from melting
like.
Long-sustained floods of the rivers in the mountains
glaciers are one explanation of the source of the material. Eolian drifting of
dust from the salt-steppes of Siberia is Baron VOfl Richthofen's theory, which
the absence of a wind-drift structure renders improbable.
and
Deposits occur in the Great. Basin resembling the lss in absence of stratification
name
for
sunI.
C.
Russell,
from
the
other characters, which are called adobe by Mr.
burnt brick, because this material is used for making the brick. It has usually a.
Yellowish color, and is more or less calcareous. It is described as a result of the wash
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and deposition of the ephemeral streams and the thousands of little rills that are
occasionally at work over the surface of the dry regions the annual precipitation is less
than 20 inches, The deposits in some places are hundreds of feet in
depth. The
caleareous portion is attributed to land-shells. It is Various in
composition, containing
1 to 14 per cent of alumina, 19 to 67 of silica, and 2 to 5 of water, with 3 to 60
per cent
of calcium carbonate.
183.

T
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Lo88 formation on the Iloaug ho, in the province of Shan-Si, Chiuii.

J,

nicbthofen.

Fine mud-like deposits are formed over the Great Basin in temporary lakes, cahlea
playas, produced by the overflow of rivers, the material of which is related to the preced
ing. The mud contains more or less of the saline ingredients of the evaporating waters.
(3) Delta-formations. -The larger part of the detritus of a river is carried
to the ocean, or lake, into which it empties; and it goes to form more or less
extensive flats about the mouth of the stream.
Such flats, when large and
intersected by a net-work of water-channels, are called deltas; they are river

made, and reach a large size only where the tides are quite small, or are
altogether wanting.
The spread of a river into a delta at its mouth is a consequence of its
enfeebled or decrepit state. Deposition is excessive and becomes an obstruc
tion to the flooded river, and consequently, besides keeping open one or two
main channels, the waters cut new channels at flood-times, which may partly
disappear and become replaced by others in future floods. The surface
thereby becomes intersected by many lines of sluggish waters, small and
large, which flood-time puts into temporary activity. The deposits have a
slight slope seaward, and thus approximate in character to an alluvial cone
(Gilbert), although a consequence of the floods of a stream in decrepitude,
and not of one in a torrential or vigorous state. Through the flood-deposi-
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tions over the various parts thus carried forward, along with the aid of
encroaching vegetation, a large portion of a delta may become emerged.
More than two thirds of the Mississippi delta in the ordinary state of the
river are above water; and over this part are plantations of rice, sugar, and
cotton, and cypress forests.
The area of actually productive land within it
is 22,920,320 acres; of reclaimable land, 35,813 square miles. But if the
river were unrestrained by levees, the highest floods would fill the alluvial
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basin and make a sea (30() miles long, 60 miles in mean width, and 124- feet
in mean depth. (C. U. Forshey, 1873.)
The force of the flood-waters of the
Mississippi is so great, and the amount of transported detritus so large, that
the stream pushes out its long arms into the Gulf, by its method of deposit
ing load after load; and it is still continuing its elongations at the extremities
of the passes.
184.

- -

-

Delta of the Mississippi.
The shallow waters within one to three miles of the main channel at the mouth of the
Mississippi River (see map) are dotted with what are called mud-lumps, -convex or
low conical elevations, sometimes 100 feet or more in diameter, showing their tops at
the surface. They originate in upheavals of the soft but tough bottom, Once formed,
they discharge mud from the top, which gives to the material of the low cone the structure
of a volcanic cone, the successive layers being, however, of mud, and but. a fraction of an
inch thick. They finally collapse ; and then the cavity of the cone sometimes becomes the
site of a pool of salt-water, like the lake in an extinct volcano. They are formed, accord
ing to Professor E. W. Ililgard (from whose excellent description in the American
Journal f Science, 1871, the facts here given are cited, and who adopts, in the main
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point, the view of LyeIl), through the pressure of the surface deposits on a layer of mud
which overlies the Port Hudson clay, or older alluvium of the river. Some
carbo-hydro
gen gas is given out, arising from the decomposition of animal or vegetable matters in
the mud. The mud-discharges tend to increase the shallowness of the waters arid push
out the land into the Gulf waters. Mr. 1-lilgard states, in 1871, that Morgan's mud-lump,
in the marsh of Southwest Pass, had been active for 25 years, and during the time the
bars had moved gulfward a mile and a half. lie closes his paper with a remark (vol. i.
435) relating to the distance to which the Southwest Pass must extend in order that there
shall be no danger of mud-lumps within the channel. The Eads jetties have since then
been made along this pass, in order to give it greater depth. It has secured the depth
but with danger from this source still existing, as Professor Hilgard has observed.
According to Hutnphreys and Abbot, the outer crest of the bar of the Southwest
Pass, the principal one of the Mississippi, advances into the Gulf 338 feet annually, over a
width of 11,500 feet; and the erosive power is only about
of its depositing power.
The depth of the Gulf, where the bar is now formed, being 100 feet., the profile and other
dimensions of the river, in connection with the above-mentioned rate of deposit, give for
the difference between the cubical contents of yearly deposit. and erosion 255,000,000
cubic feet, or a mass 1 mile square and 9 feet thick: this, therefore, is the volume
of earthy matter pushed into the Gulf each year at the Southwest Pass. The quantities of
earthy matter pushed along by the several passes being in proportion to their volumes of
discharge, the whole amount thus carried yearly to the Gulf is 750,000,000 cubic feet,
or a mass 1 mile square and 27 feet thick. As the cubical contents of the whole mass
of the bar of the Southwest Pass are equal to a solid I mile square and 400 feet thick,
it would require 55 years to form the bar as it now exists, or, in other words, to establish
the equilibrium between the advancing rates of erosion and deposit. flilgard has shown
that, about New Orleans, the modern alluvium has a depth of only 31 to 50 feet, there
existing below this the alluvial clay, etc., of the Port Hudson group.
The delta of the Hoang Ho (Yellow River) extends along the coast from near Peking,
on the north beyond the Pci Ho, to I-Itmg-tse Lake, on the south, where it joins the
plains of the Yang-tse-Kiang. The distance is 400 miles ; but the mountainous coast
province of Shan-Tung is to be excluded. From the coast, the delta extends westward
for 300 miles. The river is here useless for navigation. The whole delta region would be
under water during flood seasons except for drainage by artificial dikes arid canals of
At long intervals, the
great length; and these have required constant supervision.
with
the
immense
area
devastating floods,
great river has broken loose and swept over
and ended its mad career with change of channel from the river Pci Ilo, or some place
near it, on the north, to a southeast route ; or the reverse. In 1820 it. occupied a southeast.
channel, emptying into the Yellow Sea, near latitude 33%° N. By 1858 this channel was
dry ; and after some years of uncontrolled waters, it. took a new channel into the Gull
of Pe-chi-li, 300 miles north. In the autumn of 1887, a new break occurred near Kid
Fung, in Ho-Nan ; but the waters instead of resuming the old channel which they left after
1852 took a course south from Kai Fung to the Clia, 70 miles, and then struck off east
southeastward to the Hoei Ho and the sea. The Chinese have succeeded in leading off the
mentioned above, leaving the more
upper part of the wandering waters into the old channel
southern part. in its new channel. The first. of such changes recorded in Chinese annals
Several have
occurred in 2293 B.C. ; a second, owing to Chinese care, not, until 602 u.c.
such
no
chance
for
changes.
occurred since. The Mississippi has its disastrous floods, but
like that of rivers, is (1) evapu
(4) Lakes.-The discharge of lakes,
simrficial,' searational or upward; (2) gravitational or downward; and (3)
1 The word superficial is too various in its signifleations to express the right idea.
of super.
is like surface in having for its prefix the French abbreviation stir in place

Sui:flciul
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They either belong to the continental river systems, and are river
system lakes, or they are confined or imprisoned lakes.
1. imprisoned lakes fail of the third method of
discharge and are rela
few
in
number.
tively
They lie in basins or depressions that had been made
or left in the surface by orographic movements, or had become cut off in
some way from a river system, or possibly where the rocks,
having little
firmness, had been excavated by former glacier action. Some of small size
occupy craters of extinct volcanoes. The Caspian Sea, Dead Sea, Great Salt
Lake of Utah, and lakes in the Great Basin, are examples.
They are most
to
exist
under
climates,
where
the
of
water
is small and
likely
dry
supply
evaporation large; and they may vary from dry beds to lakes in the chang
Some imprisoned lakes have had surficial dis
ing climates of the year.
in
former eras. A confined river system usually supplies the waters,
charge
and carries in what can be gathered from the rocks around by solution and
otherwise, as explained on page 118.
2. Lakes connected with 'river systems occur in all climates and latitudes,
and at various heights. They are often situated in lines or clusters over
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the nearly level summit region of a Continental Interior, where the great
rivers are gathering waters and deciding on their courses. They sometimes
occupy profound depressions in the earth's crust, like the Great Lakes
of North America, or follow the nearly level median line of continental
drainage, as the Winnipeg series of British America.
The basins may be a result of geosynclinal movements, like that of Lake
Superior; or otherwise of orographic origin, as the interniontane lake basins

of many mountain regions; and even a consequence of the feeblest flexures
of the earth's crust.
They have commonly been made within the area of a
river system by damming with transported material. Unusual floods may
make barriers by local depositions; more easily, tributaries may throw across
a valley dams that have a degree of permanence; still more effectively, ice
may carry along gravel and sand and block the deep and narrow channel; or
better, in regions of glaciers, more formidable deposits of drift may make
obstructions in valleys and give outlines to many lakes over nearly level

After a period of elevation when the valleys were excavated to
great depths, a period of lower level may have come, in which the transport
ing waters were in great force and made obstructing deposits, especially when
water and gravel were afforded in vast quantities for the purpose by a melt
Lake Geneva, in Switzerland, 45 miles long and 1095 feet deep,
ing glacier.
regions.

the surface 1230 feet above tide-level, is supposed to have been made in the
way last mentioned; and even also, Lago Maggiore, of northern Italy, which,
although only three miles wide, is 2613 feet deep, with 1920 of this below the
sea.
Another view attributes the depth of Lake Geneva to a subsidence of

the lake bottom since the Glacial period.
Further, a large river in its more aged or decrepit portion may so wall
itself in and raise its bed by depositions either side of and along its chan
nel, that every flood makes temporary lakes; and extraordinary floods may
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carry off waters that excavate a course through the alluvium to neighboring
depressions and thus make a more permanent lake.
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Salton Lake, in the southeastern corner of California, 130 miles long by 40 in greatest.
breadth, resulted, in July, 1891, from the overflow of the Colorado River on the west side
below Yuma. The alluvial region either side of the river between Yuma and the head of
the California Gulf, 50 miles distant, had been gradually built up by river depositions,
until a large depression, Coahuila valley, now 300 feet below the sea where deepest, had
been separated from the head of the gulf and left as a nearly dry desert basin. The
flooded waters, pressing westward along the westward course of New River, succeeded in
passing the low summit level, and then quickly excavated a way to the depression and filled
it. Owing to the hot and extremely dry climate, evaporation will sooner or later make it
an empty lake-basin, as it was essentially before. The river at Yuma is about 150 feet
above the gulf. Nearly 100 miles north of the Salton Lake is Death Valley, 225 feet
below the sea, also situated in the line of the California Gulf.
W. P. Blake traveled over the desert in 1853 (Geol. .fleconn. Cal., 4to, 1858), and
describes it as having, in general, a barren, clayey surface, with some saline springs along
the margin and elsewhere. On the rocks of the shore, there was a thick horizontal belt
of whitish calcareous tula about 15 feet (where examined) above the level of the desert,
indicating a former water level, and proving that the desert was the dry basin of a former
lake. He found that the Indians had a tradition of the existence of a great lake filled
with fish; of its slowly drying up, and of a sudden return of the waters, when many
were drowned. The recent event is evidently not the only one of the kind in the region.
Other lake-basins have been made by glacier-damming (page 238), and
possibly, as above stated, by glacier-excavation. Still others of small size
are a result of underminings, especially through removals of clay-beds by
pressure; others have come from a damming against the sea by beach-made
deposits (page 224), converting inlets into sea-border basins.
The large lakes of the world, after the Caspian, are the Great Lakes of North America
Lake Baikal in Asia, and Lake Victoria in east Central Africa. The map, Fig. 185, gives
the positions of the American Great Lakes, and the line of greatest depth, the deepest
point in each, and also the limits of the several drainage areas. Lake Superior has an
area of 31,200 square miles; Huron, of 23,800 square miles; Michigan, of 22,450; Erie,
of 9980; Ontario, of 7240. The heights of the water above mean sea level are: Lake
Superior, 601S'; Huron and Michigan, 5818'; Erie, 5721)'; Ontario, 2466'. The section,.
Fig. 186, shows their depths, and the extension below the sea level. (Schermerhorn,
Amer. Jour. Sc., 1887.) Lake Champlain is 402' deep, 300' of it below the sea level.
The heights of some other American lakes are as follows: Winnipeg, 630' ; Lake of
the Woods, 1640'; Great Salt Lake, 4218'; Yellowstone Lake, 7788'; Shoshone Lake,
7870'; Great Bear Lake, 5931'.
The Caspian has an area of 170,000 square miles, a depth of 500', and descends 00'
below the sea level. Lake Baikal in Siberia (really among the high Altal Mountains
and near Central Asia) is 397 miles long, 54 miles in maximum width, and has a
depth in some parts of over 300 fathoms, nearly 500' of which is below the sea level. The
great African Lake, Victoria, has an area of about 27,000 square miles, and is 8300 feet
above the sea level. The Assat Lake lies in a depression east of Abyssinia, 600' below the
level of the Red Sea, and is salt.
Rivers tend to obliterate the lakes along them in two ways: by the depo
sition of detritus in their still wi,ters and along their borders, and by erosion
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at the outlet where the stream resumes its relatively rapid flow. The final
result when reached is the conversion of the bed of a lake into a river
channel.
185.
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The smaller lakes are very feeble workers, and hence, owing to gentle
trituration by the little waves, the shores are often muddy.
Theoretically
186.
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Longitudinal sections of the lakes on the line of deepest water.

Schermerborn, '87.

the waters of the lakes over high plateaus, like those of the head waters of the
lie without a chance to
Mississippi, have great energy; but they usually
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show it.
Occasionally a lake bursts its bounds, and produces in a few hours
the devastating effects of the most violent of torrents. But such effects are
rare, except where man has interfered.
The large lakes have many of the characteristics of the ocean. The

wind, waves, and currents are effective agents of wear and deposition along
the shores, and about bays and. the mouths of rivers.
The waves work landward on shelving shores, as along the sea border,
while a littoral current usually runs parallel, or nearly so, with the coast;
and between the two the depositions of sand and making of beaches and
sand-bars take place.
The nearly total absence of tides makes marked differences in the
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effects. The change of level in seashore action with the tidal movements
fails. Abrasion sets back the cliffs, but makes a sloping surface at their
base.
The tide on Lake Michigan has a range of three inches at spring tides
and U at neap tides. Large oscillations of the surface are produced by storm

winds, and lighter ones by floods in the region. On Lake Erie, at Buffalo,
the difference between the levels produced by two gales, one from the S. W.,
and the other off shore, from the N. E., was 15- feet (Whittlesey). Small
but short tide-like changes of level, called seiches, a few inches in height,
observed on Lake Geneva and other Swiss lakes, are attributed by Forel to
local variations of atmospheric pressure - an impulse so given producing
a long-continued series of oscillations.
due to earthquake shocks.

Larger seiches are supposed to be

For a thorough discussion of lacustrine methods of work under varying conditions of
levels, see the Memoir of G. K. Gilbert on Lake Bonneville, U. S. G. S., 4to, 1890.
Past geological ages had their fresh-water lakes as well as rivers. But
the great lakes and rivers of the world belong to later history, the era
Yet the lakes of greatest geological interest
of full-grown continents.
are not those of the present era, but of that next preceding. Those of
North America formed over the emerging land of the Rocky Mountain
region had great area, and received abundant debris for lacustrine deposits

from a newly made mountain range.
But another condition existed; for the great lake-basins were subsiding
areas, so that the deposits continued thickening, as the subsidence made
were laid down,-as the region
progress, until 5000 to 10,000 feet of beds
of modern coral reefs is described, on page 149, as subsiding while the reefs

thickened.
These Tertiary lacustrine formations prove their fresh-water origin by
terrestrial life, from Quad
containing remains of abundant fresh-water and
than now exist in North America,
rupeds or Mammals, of many more kinds
to Snakes and Turtles, Fishes, and Insects and even Butterflies, besides leaves
and other relics of the forest.
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SPECIAL POINTS IN FLU-VIAL HISTORY.
The history of rivers has been eventful.
In the course of the geological
areas
have sometimes changed to areas of marshes, lakes, or
past, drainage
ocean; and again back to dry laud, with perhaps new limits and slopes. They
have experienced changes of level that divided and subdivided them, or
forced part of a stream in a new direction for an outlet; that annexed another
stream, giving it a new head, and doubling its length, supply of waters,
and mean pitch,- as in the case of the Mississippi, which once had the
Saskatchewan as its source. They have had portions buried under debris, and
have been compelled to make long circuits, and deep cuts, in order to effect a
new connection; or have been buried with all their fluvial deposits beneath
floods of lavas,-as on the west slope of the Sierra Nevada (Whitney),-and
so have made fossil river-channels, some of them

to remain buried, others to
regain their places wherever the surface conditions favored it. They have
had their slopes increased by continental elevation, so that after reaching a
state of feebleness, they acquired new energy and were set again to work at

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

the deepening of their channels and the enlarging of
have suffered from subsidences that have slackened the
region and brought on premature old age, or spread
lake; or by the coming on of a period of enormous

their valleys; or they
flow over the subsided
a stream into a lazy

precipitation, and of
glaciers ending in glacial floods, they have once more been made young and
powerful in denudation and transportation over the width of a continent.
Furthermore, streams that originated over a formation covering a country,
and derived their courses from its slopes and lines of weakness, have some

times been forced by the removal, through denudation, of that formation, to
chisel down their channels into older underlying beds, and fix upon the latter,
An example of a drainage area
as far as possible, their original qualities.
with such inherited qualities was described, in 1874, by A. B. Marvine (Hay

den's Report of 1873), from the slopes east of the Front Range of Colorado.
The deposition of Triassic and other strata over the region was followed by
its emergence, and the outlining of a system of drainage down the long slopes
But since then the new streams in their upper
of the rising continent.
the older rocks; and here the work
portion have cut through these strata to
of impressing the courses of the new cailons on these older rocks is going
on, mostly irrespective of their slopes and structure-lines. Twelve years

earlier, J. Beete Jukes, of the Irish Geological Survey, treating of the mode
of formation of some river-valleys in the south of Ireland (Q. J. G. S., 1872),
courses of the present
brought out the same general idea that the drainage
time have often been determined by preexisting topography.
A course of drainage derived from a formation that once covered the
if the course of
region is called by l'owell uperiinposed drainage. Further,
a river is a consequence of the structure of an upturned region, he terms it
the upturning,
consequent drainage; but if derived from conditions prior to
antecedent. (Exploration Colorado River, 1875.)
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Buried river valleys.-Rivers of the Sierra Nevada, in Tuolumne County,
California, that had their channels buried beneath lavas in the later Tertiary,

afterward, in a comparatively short time, cut new channels through the
thick lava stream and the underlying rocks to depths 1500 to 2000 feet
below the old channels.
(Whitney, 1865, 1879.) They hence are strong

evidence of increased precipitation, as held by Whitney, and also, according
to LeCoute (1879, 1886), of increased elevation in the mountains; and both
conditions characterized the Glacial period which was in progress during
part or nearly all of the cutting. Like evidence of elevation exists also in
the river channels of southern California beyond the limits of the lava-flood,
as observed by LeConte (1886), who thence concludes that the elevation
extended along the whole length of the Sierras.
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The ultimate result of denudation over a continent is, as usually stated,
the transfer of the mountains to the sea, bringing all to a nearly level plain.
But the facts from Tahiti, explained on page 182, appear to show that the
process would, as a general thing, first thin down the mountains to sharp
peaks and ridges; and after this, the continuation of the thinning would
ultimate in a general level-given time sufficient. The Adirondacks have

stood ever since Archan time, with the height probably never less than
5000 feet; and yet they are to a large extent in the Tahitian stage. But the
streams of extensive drainage areas become to a greater or less extent base
leveled; and through the continued leveling work along them, with that of
the minor tributaries, a wide region may be finally reduced approximately
to a plain. Such a plain has been termed by W. M. Davis a penepiane, from
the Latin for almost and plain; for it may still have ledges of the harder
Au elevation of the land, and
rocks and other irregularities of surface.
other causes indicated above, may expose such regions to a new base
leveling.
The fluvial history of a country, it thus appears, may have great com
an experienced judgment
plexity, and require a large amount of study and
for its correct elucidation.
SUBTERRANEAN WATERS.
Water descends from the surface by gravity, filling all open subterranean
Its lower limit is determined
spaces, and also the pores of the solid rocks.
limit of outward discharge, by a
by the earth's interior heat; and time lower
level not much below that of the ocean's surface. At greater depths, conse
in geological history,
quently, subterranean water may be that of early ages
or less
and in part the sea water in which the deposits were made, more
the
modified. in its saline contents and their amount by long contact with
thus take a
various rocks. Not only the waters of the rains and rivers
and
downward way through the porous rocks, between their sloping layers
which are sources of permanent
along all crevices, but also those of lakes,
supply, and pre-eminently those of the ocean.
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The more solid crystalline rocks imbibe less than 02
per cent of water,
and hold it so strongly by capillary attraction that when once filled there is
little further change, if they are below the influence of surface
droughts, and
from
that
of
subterranean
heat.
But
some
away
sandstones are so porous
that they give easy passage to the waters from above; and unaltered strati
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fied rocks generally have much open space between the layers.

The amount of water contained in different rocks taken near or at the surface has
been found to be as follows: porphyry, 01)12 per cent of the rock-mass; a feldspathic
granite, 01)203 (Durocher, 1853); coarse granite, 037 per cent; euryte, 007; milky quartz
from a vein, 01)8 ; flint from the Upper Chalk, at Meudon, 012; but sandstone (Grès de
Fontainebleau, near Meudon), 2-71"); a Tertiary limestone (Calcaire grossier), :3.11
(Dolesse, 181)1). The Calcaire grossier will absorb 1803 per cent of water; a quartzose
Tertiary sandstone, 2900; the chalk near issy, '2410; a Silurian slate, near Angers, 0'lQ;
granite, 012 (Delesse, 1801). Chalk will absorb 2 gallons of water per cubic foot (Prest
wich); the Old Red Sandstone (Devonian) of Gloucestershire absorbs 1160 per cent;
limestone of the Lower Oölyte, 12'15; Carboniferous limestone of Clifton, England,
070 (Wethered, 1882).
The amount of moisture absorbed, after drying at a temperature between 150° F.
and 200° F.,is as follows: for Potsdatn sandstone, 3 specimens, 226 to 271 per cent; :3
others, 61)4-935; for Trenton limestone, 032 to 170, the former for a black variety; for
some dolomytes, 101) to 1355; a crystallized clolomyte, of the Calciferous formation, 4 speci
mens, 189 to 253; 2 other specimens, 590 to 722; for the Medina argillaceous sand
stone, 2 specimens, 837 to 101)6 (T. S. Hunt, 1865).
A square bar of Triassic building-stone from Runcorn, England, 11)2 inches square and
141)2 high, being half immersed in a can of water, the water rose to the top by capillarity
in 2} hours, taking in 4 ounces of water; and the same stone made in the form of a
of the stone. (M.
siphon, emptied a can of its water. The pore space was nearly
Reade, 1884.)
Flow of underground waters. -In regions of massive or schistose
crystalline rocks of close texture, there is no proper flow unless there are
vertical fissures; and then the water will descend to the bottom of the fis
sures, and. there remain, or push off laterally if the space admits of it. But if
1.

the rocks are uncrystalline stratified kinds, the water flows downward along
the surface of the less pervious layer, and soaks more or less through the
Subterranean waters often come out on the faces of bluffs, and indi
others.
cate the position of the more impervious layers by a belt of foliage above,

kept green by the exuding moisture; or they form springs or streamlets at the
base of bluffs; or they feed pools or lakes; or make springs off shores below
tide level.
In regions of loose sand-beds and gravel-beds they generally find,
at a depth of a few yards or scores of yards, a hard layer - hardened by
in popular language hard-pan),
deposits of iron oxide or otherwise (called
which carries along the accumulating waters, and becomes a source of supply
to the numerous wells of a village or city; and the same hard layer, if
sloping seaward, will afford water by boring, even out in a bay.
In the deep sand deposits of the southern side of Long Island, where the seaward
slope of the surface for the 6 miles to low-tide level is 1: 265 feet, there is a water-plane
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below, which slopes 1:425 feet, or 12, feet per mile. The discharge of water at sea level is
so large, although dependent solely on the rains, that the city of Brooklyn, containing
nearly a million inhabitants, has derived from it its supply of water through a series
of reservoirs, constructed a little above the sea level. The water-plane is not that of a
hard-pan layer. Its position has been determined by well-digging. Out of the 42,
inches of rain (snow included) which annually falls, nearly 40 per cent becomes ab
sorbed and subterranean. The Brooklyn engineer, Mr. T. Weston, observes that these
subterranean waters supply the small streams of the surface with the chief part of their
water, and discharge a large amount into the sea; and after a careful survey of a part
of this southern slope, east of Brooklyn, 7364 square miles in area, lie reported that the
water supply from the surface streams was, on an average, 2 per cent of the precipita
tion, or 30,000,000 gallons a day; that 15 per cent additional came out along the shores
of the bays ; and that at least 40,000,000 gallons per day might be obtained in reservoirs by
proper arrangements. Mr. Weston holds that the water-plane is the upper limit of a water
region which extends from this plane downward to and below the sea level, and that there
is no hard-pan layer underneath. Friction and capillarity in the sands give it its height.
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A coral island but ten feet high and a few hundred yards wide, and
consisting of coral rock up to the water level with coral sands above,
generally yields, on digging down to the surface of the coral rock, a
sufficient supply of water for its inhabitants, and all of it has come from

the rains. The fresh water, moreover, is sufficient to exclude, by its sea
ward pressure, all ingress of salt water. If this is true on a coral island,
the subterranean waters derived from the rains over larger lands should
be very great. Moreover, the salt waters of the ocean (.10 not penetrate
far into the basement of a continent. An island may receive sea water to
its center at some unascertained depth below the sea level; but not so
a continent.
2. Force of flow. -The force of the flow of subterranean waters is due
to gravity, like the flow of surface waters. There is everywhere hydrostatic
pressure, varying directly with the height of the supply, miius the loss by
friction and capillarity. The height may be that of the neighboring hills,
or of distant mountains, according to the range of the sloping rock-layers
It may be that Of lakes small or large, for
along which the water descends.
these bodies of water have the double duty of supplying above-ground and
under-ground streams. While the hydrostatic pressure varies with the height
of the water-supply, the extent of the region served by a single source will

depend on the area of that source.
Professor Edward Orton, of Columbus, Ohio, has proved that the hydro
static pressure in the Findlay oil-region, and also in Indiana, where the bor
to 1000
ings descend to the Trenton limestone, reaching it at various depths
feet or more below the surface, is determined b/ the waters of Lake Superior.
The level of the lake is 600 feet above tide level; and by adding this height
to the number of feet at which the Trenton lies, in any case, below tide level,
and calculating the hydrostatic pressure on this basis, he has loitud that it cor
boring. He holds that
responds closely with the actual gas pressure at each
this hydrostatic pressure determines the gas pressure in other regions ; and
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hence that the pressure is rarely, if ever, due, as has been supposed, to the
The facts exhibit on a grand scale the influence of
pressure of confined gas.
a large elevated lake on the conditions of subterranean pressure.
Wherever subterranean water flows between nearly impervious sloping
layers, so that it is confined to a given channel, it is like the water in a long
inclined tube ; and on opening a hole through the overlying material it will
rise in a jet, owing to the hydrostatic pressure.
The height of the jet so
produced is that of the source, diminished by the loss from friction and the
resistance of the air ; it may be hundreds of feet.
In the annexed cut (Fig. 187), ab represents a water-supporting layer;

be, the boring; and ed, the jet of water.
Such wells are called Artesian
wells, as they were first made in the district of Artois, in France. They
are now an important means of securing water for irrigation and other
purposes in various parts of the world. By this means abundant water is
now obtained even on the seacoast region of New Jersey, from Cretaceous
and Tertiary strata, and over various parts of the dry regions of Montana,
Colorado, and Nevada, where arid sands have been covered thereby with
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But if the rocks are porous
foliage.
throughout, with no impervious layers,
boring is of no avail. Borings in regions
of metamorphic or crystalline rocks gen
erally prove failures unless a chance bed
of decomposed rock extending down from
the surface should be reached ; for such
ci crystal
rocks have been consolidated
lized while under heavy pressure. Where
slates are vertical, a horizontal boring
across the bedding may give a constant

187.

.
:

Section illustrating the origin of Artesian
wells.

stream; but such a source is a small one.
3. Dct udatwii ; Transportation. -,Subterranean rivers have sometimes
large size, especially in limestone regions, where excavation is easy, as ex
Those of the caverns of
plained. on page 130, under Chemical Geology.
Kentucky and Indiana have their cascades, like ordinary rivers, and may
Into such caverns rivers sometimes
be navigated for long distances.
enter and become "lost rivers;" while from others issue great streams.

The cave of Adelsberg, 22 miles northeast of
whose source is unknown.
rfI.ieste has its river; and the Jura Mountains send forth streams to diayThe work of denudation and transportation is like
Ight
full grown.
43
that above ground, although less supplied with materials for transporta
tion and wear.

Subterranean waters do much efficient work in a quiet way by the trans
that have their outlet at
portation of sand along the course of streamlets
The undermining of centuries in this way may make
the base of bluffs.
chambers that lead to the sinking of masses of the laud, and determine
lines of surface drainage.
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4. Landslides. - Subterranean waters sometimes produce disastrous re
salts by adding their weight to loose or porous deposits and so occasioning
landslides.
Landslides are of three kinds : (a) The mass of earth on a side-hill, having over its surface, it may be, a
growth of forest trees, and, below, beds of gravel and stones, may become so
weighted with the waters of a heavy rain, and so loosened below by the
same means, as to slide down the slope by gravity.
A slide of this kind occurred, during a dark, stormy night, in August, 1826, in the
White Mountains, back of the Willey House. It carried rocks, earth, and trees from the
heights to the valley, and left a deluge of stones over the country. The frightened
Wiley family fled from the house, to their destruction. The house remains, as on an
island in the rocky stream.
(b) A clayey layer, overlaid by other horizontal strata, sometimes becomes
so softened by water from springs or rains, that the superincumbent mass,
by its weight alone, presses it out laterally, provided its escape is possible,
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and, sinking down, takes its place.

Near Tivoli, on the Hudson River, a subsidence of this kind took place in April,
1862. The land sunk down perpendicularly, leaving a straight wall around the sunken
area, 60 or 80 feet in height. An equal area of clay was forced out laterally underneath
the shore of the river, forming a point about an eighth of a mile in circuit, projecting into
the cove. Part of the surface remained as level as before, with the trees all standing.
Three days afterward, the slide extended, partially breaking up the surface of the region
which had previously subsided, and making it appear as if an earthquake had passed.
The whole area measured 3 or 4 acres.
(c) When the rocks are tilted, and form the slope of a mountain, the
softening of a clayey or other layer underneath, in the manner just explained,
may lead to a slide of the superincumbent beds down the declivity.
In 1806, a destructive slide of this kind took place on the Rossberg, near Goldau, in
Switzerland, which covered a region several square miles in area with masses of con
glomerate, and overwhelmed a number of villages. The thick outer stratum of the moun
tain moved bodily downward, and finally broke up and covered the country with ruins,
while other portions were buried in the half-liquid clay which had underlaid it and was
the cause of the catastrophe.
Similar subsidences of soil have taken place near Nice, on the Mediterranean. 011
one occasion, the village of Roccabruna, with its castle, sunk, or rather slid down, with
out destroying or even disturbing the buildings upon the surface.
Besides (a) the transfer of rocks and earth, landslides also cause (b)
a scratching or planing of slopes, by the moving strata and stones; (c) the
burial of animal and vegetable life; (d) the folding or crumpling of the
so far
clayey layer subjected to the pressure, where the effect does not go
as to produce its extrusion and destruction; while the beds between which
it lies are only slightly compacted or are unaltered; and (e) depressions
of the surface which may become lake-basins. Fig. 188 is a reduced view of
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a layer thus plicated, from the Quaternary of Booneville, N.Y.
Vanuxern
illustrates the facts there observed by hint, with this and other
figures
Y.
and
attributes
the
to
(N.
Geological Report),
lateral pressure
plications
while the layer was in a softer state than those contiguous
In parts of the shores of western Patagonia,
188.
where the soil is always wet, the soil-cal) is
always slipping downward over the basement
rock ; and it carries along not only its cover
and shrubbery, but also a" moraine
of
rocks, stoties, tree-trunks, peat
profonde"
and mud, denuding the lulls, tilling valleys, and
feeding the ocean.
(R \\ Copinge, 1881.)
Areas on the Falkhuids, called ' stone rivers,"
may have the same origin.
(W. 'rlioisoi)

.
Plicated
clayey layer. ' Duxem.
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Soil-cap movements and land-slips sometimes dam up valleys and make
lakes. But loadiiig with waters is only one of the methods of producing
such movements.
Aiiwwt of absorbed wctei within the earth. - The amount of absorbed

water iii the earth has been increasing from the time of the earth's consoli
dation.
The thickening of the supererust, by the addition of sedimentary
strata, has been attended by a continued addition to the amount. Ejected
igneous rocks take in water on cooling. Other sources of augmentation are

the making of hydrous iron oxides through oxidation, of clays through the
decomposition of feldspar, and of gypsum and other hydrous minerals.
If the thickness of the supererust over the continental portion of the
globe average 10 miles, and the average volume of moisture in the forina

tions, both metamorphic and unaltered, be 2-5 per cent, the whole amount
of water absorbed and confined would be
of 10 miles, or about 1300
feet in depth, for the area of the continents. The deposits over the oceanic

basins have relatively little thickness. Whatever reasonable allowance be
made for them, the whole loss to the ocean waters, in depth, from this
The confined water of the rocks, while a
source, will not exceed 800 feet.
feeble agent of change at the ordinary temperature, is one of immense
importance when much heat is present.
II.

THE OCEAN AS A MECHANICAL AGENT.

The working agencies of the ocean of a mechanical kind are, as has been
stated, those of (1) the tidal wave; (2) the wind-made waves and currents;
Besides these agencies, the sun's heat, by vary
and (3) earthquake waves.
movements.
ing the temperature and density of the water, affects the ocean's
In mechanical work, the waters of the ocean have an advantage over
to
. They have
fresh waters in being of greater specific gravity by
also the important quality of depositing sediment more rapidly, because
less viscous, owing to the saline condition of the waters. A fine sediment,
DANA'S MANUAL - 14
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which takes 10 to 14 days to settle in pure water, settles in 14 to 1 hours
in a solution of common salt (W. H. Sidell, 13S).
A fine clayey precipitate
goes down in a solution of the strength of sea water in i() minutes, 'liie1i in
pure water would take as many days (W. H. Brewer, 1MS$).
Since the chief part of oceanic work requires the presence of rock-mate
rial, depth of water is a condition of prime importance. It is only within
shallow depths that the waters come extensively into working contact with
rocks; only in the shallow belt where water and rocks are together along the
emerging line that the greatest amount of force is generated for work. Being
at a depth of 500 feet in the ocean is not as complete removal from oceanic
forces as being 500 feet above it, but the geological results produced at this
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and. greater depths are relatively small. As explained beyond, there are
wide differences between the work of the upper 10 fathoms along shores, and
that of the depths from 10 to 100 fathoms; of greater depths along the sides
of the oceanic basin when reached by marine currents ; and of depths from

100 fathoms to abyssal depths, remote essentially from all currents.
It is therefore obvious that the era in geological history when the ocean
carried on the greatest amount of rock-making was that of general con
tinental submergence at shallow depths, with a. scattering of emerged rocky
ridges or areas. This was the condition of the earth through the Paleozoic
eras; and, to a large extent, through Mesozoic time. The condition was in
continents
striking contrast with the later and present state, in which the
have only a narrow margin of shallow water. This fact should be kept in
mind when comparing ancient geological events with modern. The time of
the greatest amount of ocean work was that of the least amount of river
work.
CHARACTERISTICS OF THE WORKING AGENCIES.
1.

The Tidal Wave.

The tidal wave moves as a force wave, and has a mean height, along
on
coasts where least influenced by the land, of less than a foot. The height
the projecting capes of continents is 1 to 2 feet, but along intervening
18 feet
coasts commonly from 4 to 12 feet, and in bays and straits, 15 to
or more. Along the east coast of North America., southern Florida, Cape
a "Southern,"
Hatteras, and Nantucket are the dividing points between
feet at
"Middle," and "Eastern" Bay (Bache). The height is 1 to U
southern Florida, 2 at Cape Hatteras, and 1 at southeastern Nantucket
Middle Bay, at
but in the Southern Bay at Savannah it is 7 feet; in the
feet.
New York, it is 5 feet; in the Eastern, at Boston, 10
between strongly converging coast
Up deep bays, when the tide enters
of Fund.),, an iinusn
lines, the wave increases much in height. At the Bay
a height of 40 feet, and even GO to To feet
ally long wave enters and reaches
like a moving water-fall of
at the highest tides; the advancing wave is
but without foam. At the entrance to the Bristol Channel,
majestic extent,
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England, the maximum height is 1$ feet, and within it, at the mouth of
the Severn, 45 to 50 feet.
In Long Island Sound (Fig. 189), which is
about too miles long, the tide outside, at Block Island, is but 2 feet; but
inside, at New London, it is 3 feet; at the mouth of the Connecticut, 4
at New Haven, 6; at Bridgeport, 7 ; and off Hewlett's Point, near hell
Gate, where it meets the inflowing tide of New York Bay, fl, feet. The
map shows further, by the cotidal lines over the Sound, that the time of
the passage from Block Island to Hewlett's Point is about 4- hours; and
that, at the fourth hour, it is high tide almost simultaneously
along the
whole inside coast.
The height of the tide is depressed somewhat
by
high atmospheric pressure, but the amount of depression is not yet pre
cisely ascertained.
189.
)_

Long Island Sound,
c
kU a:
Lung Wand,
mid fl,
IInn tIc Border
I
tined

:
the unor.ter CIi,nL
of Hudson River. fr-, N,
Co Survey Omit,
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When the tide enters straits by two passages, progress in either direction
leads to meeting at different heights.
depends on depth and obstructions, and
At Batseliam, in Tong-king, the waves, coming from the China and India seas,
meet, bringing opposite but nearly equal changes in the water level, and the
result is almost no perceptible tide. The tidal wave of New York Bay meets
that of the Sound at varying heights, causing violent currents at Hell Gate
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and at each ebb, on an average, 418,000,000 cubic feet pass from the Sound
westward.
Again, where the tide up a large river is detained at the head of a gradu
ally contracting estuary by sand-bats with only narrow passages, it some
times moves up the river all at once in one or a few great waves, producing

what is called an eager (or bore) ; a at the mouth of the Hoogly (one of the
mouths of the Ganges), on the Tsien-Tang in China, and on the Amazon. In
the Tsieu-Tang, at the equinoxes, the wave moves as a foaming wall of water,
20 feet or more high and four or five miles broad, and thus it passes Hang
Chau-Fu at a rate of 25 miles an hour, dying out about 80 miles above. Time
change from ebb to flood tide is almost instantaneous.
(Macgowan, 1855.)
At the large northern mouth of the Amazon, the pororoea, as it is there
called, passes up the stream in three or four closely following waves, each
As soon as the previous tide stops running out, the
15 to 20 feet high.
approaching wave is seen as a white line on the eastern horizon; onward it
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comes with rumbling sounds (imitated in the word pororoea) that grow
louder and louder; finally it rushes forward over the top of the long wall,
like an endless cataract, in quick pursuit by the other waves; and continues
U the river for TO or 80 miles, or two thirds of the way to Macapa. (J. C.

Brauner, 1884.)
Rivers with open mouths receive the tidal wave quietly and carry it as far
within as high-tide level goes, the movement being communicated to the
water of the river, and the salt water following for part of the distance, and
ending as an under-current. It extends up the Amazon to Obidos, nearly
500 miles; up the Hudson to Troy, 150 miles, two waves being in the river
at once; up the Connecticut to Hartford, 50 miles. Rising above the level
of the wells along the coast and the outlets of subterranean streams, it raises
their waters, so that such wells also have their tides.
In seas more or less shut in from the ocean and outside of the general
course of the tidal wave, the tides are small. In the Mediterranean, for
of bays, as at Venice in the
example, the tide is perceived only at the ends
Adriatic.
In consequence of the tidal movement the sea has its flood-grounds, like
rivers; but the floods occur twice a day, with each recurring tide.
At some places in the Pacific, owing to the conjunction of tidal waves, high water
occurs uniformly at 12 li., and low at 0 h. This is the case at Tahiti, where the tide has a
in his excursions at low
height of 1 to 1? feet. The author governed himself accordingly
water over the coral reefs.
2. Winds:

Wind-made Waves and Currents.

- the Atlantic and others - are
As the great currents of the oceans
attributed by many to the action of the regular winds, these currents may
here come under consideration as well as those made by storm-winds. But
the currents made by the storm-winds, that is, the littoral currents and the
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3. Earthquake Waves.
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ward to New Zealand and Australia, northwestward to the Hawaiian Islands,
northward to the coast of Oregon; and this was
repeated in May, 1877.
4.

The Sun's Heat:

a Cause of Varying Temperature and Density.

Evaporation causes an increase in the proportion of salt in the ocean, or
in its salinity, and thereby an increase in density; and this is under cer
tain conditions a potent cause of currents. The Mediterranean Sea affords

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

an example. It has been estimated that this sea loses
annually 60 per cent
its
of
water by evaporation, and receives, through rivers and precipitation,
about 30 per cent; so that there is a deficit of 30 per cent which is
supplied
by the Atlantic through the straits of Gibraltar. It is consequently inferred
that if the connection with the ocean were cut off, the sea would be reduced
to a great basin with two intensely salt "Dead Seas," an eastern and a
western.
(It has been suggested that this may have been its condition dur
In consequence of this loss by evapora
ing or since the Glacial period.)
tion, the water is
more saline than that of the Atlantic (page 49).
On
account of this condition the sea has an inward and outward current at Gib
raltar; the latter carrying off the denser Mediterranean waters; the former
It
resupplying the loss resulting from both evaporation and the outflow.
has been calculated that the inflowing current is equivalent to a current
eight miles wide, 600 feet deep, moving at the rate of iS3 miles in 21
hours. The currents being reversed with the tides, this is the balance
of the inflow over the outflow in the upper current.
(Carpenter, 1812;
Buchanan, 1883.)
On the varying salinity of sea water, see page 121.
MECHANICAL EFFECTS.
1.

Tidal Wave and Currents.

1. The tidal inflow. -Since the tidal wave becomes a translation wave on
soundings, it thereby gains theoretically some power of transportation. But
on open coasts the inflowiny movement at the rate of a few feet only in six
hours is too slow for much efficient work. Its feebleness as a geological agent
can be best appreciated during a calm (lay on the seashore when, although
the air and waters are seemingly at rest, the tide is nevertheless rising.
The tidal wave in its landward movement follows the deeper parts of the
their coasts.
bays and sounds, where friction is least, and with less velocity
It is therefore weak in sea-border work. This is well shown by the cotidal
lines of Long Island Sound on the preceding map as laid down by Schott.
These lines reach the coast of the Sound along its western half nearly at the
underrun,"
same time. The tide enters the Sound along its bottom, as an
one and a half hours before the ebb of the surface waters has ceased (E.
E. Haskell).

The rising tide affords the wind-made waves a chance twice a day to ply
their blows against cliffs ann beaches at regularly changing heights, and thus
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promotes abrasion on sea-borders in a way not possible on the shores of
lakes. The flow up the coast and the tidal rivers sets back the river waters,
gives them increased depth, and floods the tidal flats.
Passing tit) large bays which gradually narrow inward, the mass of water
becomes forced to quicker movement or greater height, or both, to
keep time
with the advance behind ; and in such cases, coasts, against which there is
friction, may be worn, and if shallow, some stirring U of the bottom
may be
And if, further, the waters are held back by
produced.
obstructing banks
until nearly at full tide before they move in, they may rush forward, as in
the eager, with
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When the eager of the Tsien-Tang is
greater destruction.
approaching Haug-Chau-Fu, the boats along the shore are quickly rowed to
the middle of the stream and placed with the bow to the wave;
they rise
and fall as it passes,-about 20 feet,-and in a few minutes are back at
their shore traffic, - facts evincing that the waters are those of a wave, and
not of a current.
But along shores that obstruct the movement artificial
embankments or dykes are often torn up.
The eager or pororoca of the Amazon has the action of an enormous
The forest-covered land, as Branner states, is torn up to
plunging wave.

great depths; forests are uprooted and swept away, the trees left matted
and tangled and twisted together upon the shore, or half buried in the sands,
as if they had been so many strings or bits of paper," and the region inland
over which the flood has swept is loaded with the debris. Moreover, new
islands of large size and new shoals and bars and channels are left behind it.
Branner adds that this is the work of the tidal wave, not of a tidal current.
2. The outflow. - By the inflow of the tidal wave a great body of water
along a coast is raised some feet above low-tide level, and acquires thereby

an amount of energy depending on the height of the tide. The energy is
expended during the outflow in abrasion, transportation, deposition, overcom
ing friction, and in other ways; and sometimes it is utilized for impounding
a portion of the water at high tide, and making it turn a water-wheel for a
mill or a pump.
As has been remarked, it may become an important source
of heat to man when coal-beds are burnt out.

It is time source of tidal currents.
The ebbing waters lie on the bottom of
shallow bays and necessarily follow the lowest channels ; and they thus be
come divided into many workers, which may severally abrade or scour time
bottom, though generally more or less combined in their work of transporta
tion and deposition.
Along the deeper middle portion of Long Island Sound
the mean velocity of the outflow is 2.8 feet per second, and of the inflow 3.2
feet (Haskehl).

The force of the outfiowing waters through bays is augmented where
rivers acid to the depth, and also by the additions to the waters of a bay by
storm-winds.
The denuding or scouring action of the movement, added to that of the
inflow, is manifest not only at harbor entrances, but also over the sea-bottom
in its shallower parts.
In Long Island Sound wherever there is any narrow-
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ing by shoals or islands there is an increase of the depth and
velocity, and
consequently an increased denuding force. South of Norwalk
(long. 73° 23'
W.), where the breadth is reduced one half by a projecting
point of Long
Island, the depth at center is increased from 15 to 32 fathoms.
Again, south
of Stratford (long. 73° 6'), there is a shoal, and
a
consequently
deepening to
27+ fathoms. Again, to the eastward, south of the mouth of the Connecticut
River, where the Sound is narrowing toward its obstructed entrance, the
depth increases in 5 miles from 12-15 fathoms to 25-29 fathoms; and then,
in 40 miles, nearing the entrance, to 45, 50, and 55 fathoms. The
accessions
of waters from the rivers give some aid in this
deepening. Once outside, the
depth of the waters diminishes; but the channel made by the scour may be
traced until Block Island is passed; and the loops
just south, of 30, 40, 50
fathoms in the bathymetric lines, suggest that it
may extend in a wider form
to
the
100-fathom
line.
However
this may be, the sea-bottom channel
nearly
indicated on the map southeastward of New York
Bay, while rightly con
sidered the former course of the Hudson River channel during a
period of
sea-border emergence (D., 1857), probably owes its
out
to the
present depth
40-fathom line, to the combined effects of drifted sands and the
scouring
action of the ebbing waters (D., 1890).
In the discharge of a river into a salt-water bay, the fresh waters flow
over the salt; and in some cases so little commingling takes place that
shallow streams, carrying little detritus, leave uninjured the marine life of
the bottom.
3. Deposition usually takes place inside of bays or estuaries wherever there
is an eddying of the waters or diminished velocity, as well as over tidal flats.
There is deposition also at the entrance of the bay, when the tidal waters

meet the sea outside, and spread and rapidly lose velocity: and at the ebb,
this area of deposition may become prolonged into and up the bay. But
part of the inside deposits are scoured away with the next outflow.
Deposition off shore of the detritus made by the grinding of beach sands
is only, to a very small degiee, a result of tidal action.
It is chiefly wave
and current work. The making of ripples over sand-flats and shallow sea
bottoms is partly a result of the gentle tidal inflow or outflow; but it is also
the work of wave-and-current movements.
The height of the tide fixes an upper limit to tidal flats and sand-bars in
estuaries and bays by the limit it gives to deposition. Bt the seashore flats
along some rocky shores are a result simply of the shearing action of the
passing waves.

2. Wind-made Waves and Currents.
1. Their power.-The waves that come in from the ocean and break heavily
on the beaches and against the cliffs, are wind-made waves; and those of
great force are made and propelled by storm-winds. Their progress is land
ward; and the break at summit takes place when the depth of water below
of the wave. The wave adthe trough equals about one half the heiht
0
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vances, and rises in consequence of the diminishing depth.
At the break
or
the
of
the
wave,
the
waters are thrown forward, and (lash,
ing,
collapse,
for the most part, up the shore, while the trough hart of the wave flows off
as the "undertow," followed down the beach by the returning water of the
collapsed wave.
Some features of the movement are well illustrated in Hawaiian surf-riding. The
Hawaiian, swimming out with his plank, plunges beneath the first billow and rises beyond
it; then dives beneath another, and another, until he has passed one of the great billows.
This he mounts, and, if rightly placed on it, rides to the beach with great speed. Should
his plank not. keep the right angle on the crest of the billow, the surf of the following wave
will overtake him; but. this he would avoid by diving beneath it and swimming out farther
for a fresh start.
The work done by the wave-and-current agency includes abrasion of the
most violent kind, as well as the gentlest, and transportation and deposition
as extensive as coast lines and shallow sea-borders or seas.
It is the agency
that preserves to the continents the detritus of the discharging rivers, inas
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much as waves work landward ; yet it has aid in this in the fart that seth
inent drops in salt water in one fifteenth of the time required in fresh.
On
the borders of the Gulf of Mexico, according to A. Agassiz, river sediments
(to not extend out beyond the 100-fathom line, for at this depth there is

always the usual sea-bottom life. Along the Atlantic border there are seth
int'nts in deeper water, but this is because icebergs or ieethws have dropped
there loads of gravel and sand.
This agency also makes impossible the
If the
transportation of material from one continental land to another.
fabled

Atlantis were at the

surface over the Dolphin shoal (page 19).
the waves and currents would work about it and for it, and allow of no
contributions to any outside land, and least of all to America-the con

tinent supposed to have needed help.
2. lVi* ofde,udatiou. -The waves bring to bear the violence of a cataract
- a cataract that girts all the continents
upon whatever is within their reach,
and oceanic islands.
In stormy seas, they have the force of a Niagara. but

with far greater effects; for Niagara falls into a watery abyss, while, in the
case of the waves, the rocks are made bare anew for each successive plunge.
The
have also great
They work by impact, and with enormous force.
abrading power added to impact, through the load of debris they take up

and transport.
Stevenson, in his experiments at Skcrr yore (west of Scot
hand), found the average force of the waves for the live summer months
to be 611 pounds per square foot, and for the six winter months. 2086 liountis.
He mentions that the Bell Rock Lighthouse, 112 feet high. is sometimes
buried in spray from ground-swells when there is no wind, and that on No
vember 20, 1827, the spray was thrown to a height of 117 feet. - equivalent
to a pressure of nearly three tons per square foot. During a westerly gale in
March, 1945, his dynamometer registered a pressure of 60S3 pounds per square
foot, which gives for the velocity per second, by the formula,

1,fl
(P being
"4
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the pressure in pounds and 64 the weight of a cubic foot of sea water),
322 = 5532 feet. The
hydrostatic pressure due to a wave 20 feet
\/6o83 64
high is over (1280 lbs.) half a ton to the square foot; the rest of the force

comes from its velocity. Mr. Stevenson states that on one of the Hebrides a
mass of rock of about 42 tons weight was gradually moved in a storm five
feet; with each incoming wave it was made to lean landward, and the back
run uplifted it with a jerk, leaving it with little water about it.

It is reported that at Unst, one of the Shetlands, walls were overthrown
and a door broken open at a height of 196 feet above sea level. G-eikie attrib
utes part of the effects of the impact to the compression of the air of cavities
by the striking waters, and then its sudden expansion, with tearing effects;

and also to the rarefaction of air caused by the sudden withdrawal of the
waters after a broad stroke, this leading to displacement of blocks or masses.
He mentions the case of a securely fastened door at the Eddystone Light
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house forced outward by the stroke of the outside surface by a wave; and
suggests that the principle may account for stones being started from their
places in a solidly built stone wall. The water driven into crevices has great

rending force.
The heaviest waves exert little force against rocky cliffs, or the sea-bot
tom, below a depth of 15 or 20 feet. Their abrading action cannot, therefore,
shear off cliffs, or wear away an island in the ocean, to a lower level. This
principle is recognized in making defense walls of masonry against breakers
by planting the wall out where the depth is 15 to 20 feet.
Waves, as they march up a shore, sometimes throw stones to great heights.
Geikie cites the report that during northwesterly gales the windows of the
Dunnet Head Lighthouse, at the northern extremity of Scotland, 300 feet
above high water, are sometimes broken by stones from the enormous

breakers.
In view of the force at work it is not surprising that, in regions like Cape
Horn, or the coast of Scotland, where storms are common, cliffs should under
go constant degradation, be fronted by lofty CaStellatC(l and needle-shaped
rocks, and that the land should be pierced at times for blow-holes where

layers of easy removal, or dikes or veins, face the breakers.
The following figures from a memoir by Professor Shaler illustrate well
some of the results. They represent scenes on the coast of Maine, near
Mount Desert.
and Fig. 191
Fig. 190 shows a detached rock on its march seaward;
a pile of displaced masses as it was left at the base of a cliff before an ele
All the processes of rock-destruction help
vation of the coast of 220 feet.
in this work of degradation, -the opening of rifts by intruding moisture, or
and the
by oxidation, or by change of temperature, or by growing plants
Under the incessant beating, every
decay of weak portions of the rocks.
stroke tends to slip out of place masses, however large, that rest on a sin'
face not perfectly horizontal.
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elilis of Norfolk anti oLlhdlc, 1iihiitl. :tffoitI ati exaitijik i1 seashore
enct)Ll11uent Ihtt has it )tig I teeii untlei of )st rvatioii as the eoinitry is one
of houses and cultivated fields.
LyelI states that in 1)5, whom an inn at
Sherriugham was built, it was O yards fiwii the sea, mid it was computed
that it would require TO years for the sea to reach the spot
the mean.
loss of land having been calcUlated, frt tin former experience, to be somewhat
less than one yard annually. But it was not considered that the slope of
the ground was from the sea.
Between the years 1824 and 1829, IT yards
were swept away, bringing the waters to the foot of the garden ; and in 1829
190.
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Rock detached by wave-action, Otter Creek, Mount Desert, Me.

Shuler, '89.

there was depth enough for a frigate, 20 feet, at a spot where a cliff of 50
Farther to the south, the ancient villages of
feet stood 48 years before.
This encroachment of
Shipden, Wimpweli, and Eccles have disappeared.
the sea has been going on from time immemorial.
Planat,mi. - Besides battering and degrad3. Limit of wave-denudation
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ing cliffs, wave-action makes shore-platforms, by shearing away the rocks of
coasts down to a horizontal surface near low-tide level, and in the
process
cliffs are undermined and set back. These effects are produced where the
rocks are of moderate firmness,-where they are not too hard to yield rather
easily to the waves, and not so weak as to be torn up by the gentler attack
of low-tide movements. As the tide rises, the earlier waters quietly cover
191.
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Rocks detached by wave-action, Mount Desert, on an old beach at a height above the sea of 220 feet.
Sbaler, '80.
Then the waves move in ; but the rocks below are under protec
the rocks.
T1i"e
tion, and only those of the cliff or wall take the force of the blew.
is hence, in such cases, a iced ()f no wco' near low-tide level. The level of
greatest wear is that of the stroke of Hit- i,ieaker at w' above high tide.

WATER AS A MECHANICAL AGENT.

221

This feature of wave-action, and the
reality of a level of little or no
wear above low tide, are well illustrated
by facts observed by the author
in 1840 on the coasts of
192.
Australia and New Zealand.
In Fig. 192 (representing

the south

cape at the en
trance to the harbor of Port
Jackson, New South Wales),
the horizontal strata making the base of the cliff, cut
crosswise by joints, extend
out in a. platform a hundred
The tide uses
yards wide
and. covers the platform; and

--:

-

--

the waves, unable to reach
Tits rocks to tear them up,
Cliffs at entrance to Port Jackson, New South Wales,
because of the protection
Australia. D., Note-book, '40.
thus afforded, drive on to
batter the lower part of the cliff. The strata belong to the
Sydney sandstone
formation. At the Bay of Islands, New Zealand, there is a similar seashore
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193.
4

-

platform, as illustrated in Fig. 193, representing an island in the bay called 11 The Old Hat."
The rock here is a rather firm argillaceous
sandstone without bedding. By elevation such
hore
atforms become sea -border terraces.
s-ph

The Old Flat," New Zealand. D. '40.

Another region of such shore-platforms is the Island
of Anticosti in the Gulf of St. Lawrence. They have
a width there of 100 to 150 yards (Verrill). The broad seashore platform of coral islands
or atolls has the same origin (page 140). It occurs on both their leeward and windward
sides, and varies little in surface from horizontality. Coral-made limestone, like other
kinds, is of easy abrasion.
As here shown, there is a limit to wave-abrasion.
Under the circum
stances stated, it does not cut much below low-tide level. Even an atoll stands
its ground and grows in size in spite of the waves of a Pacific. Much less
can wave action cut valleys into the land. Its province is to batter down
cliffs, wear off headlands, and fill up bays.
The largest blocks that are raised and carried up seashore are those that
are forced along by earthquake waves. These waves commence their tearing
work at depths that at other times are under the protection of the waters,

and the waters, which had retreated from the shore to make the waves,
advance to an unwonted height, and make deposits of what they have gath
ered at varying distances inland, according to their gravity, besides devastat
But the depth of their action probably does
ing the country they cover.
not exceed 30 feet.

A ship afloat is easily moved landward, more easily
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than blocks of rock are torn from submerged strata.
The earthquake of
1746, on the coast of Peru, carried a frigate several miles inland, besides
deluging the seaport Callao, and the city of Lima seven miles distant. The
following figures represent masses of coral limestone torn off from the
margin of an atoll and thrown on the shore-platform. That of Fig. 194, was
10 x 6 x 6 feet in its dimensions, and that of Fig. 195 seven feet high and six
104.

105.

__-_4.i1ThlI
-F'
-rii1i11
JrYiIhiLJ
Blocka on the shore-platform of atolls in the Paumotu Archipelago. D. '49.
The latter is attached solidly to the reef-rock, and is half cut through
by wave action. Another mass on the shore-platform had a length of 15 feet.
4. Transportation and deposition; the making of beaches. -"Waves, as they
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

broad.

rise on a shelving coast, take up and bear along detritus of all degrees of
coarseness according to the velocity, and throw or wash it up the shore.
Grinding work or corrosion is also ever going on. By such means they give
the beach its material, and through the return of the waters, by which much

of the finer debris is restored to the sea, its angle of slope.
The materials are derived from the wear of cliffs and ledges above
the beach; from the loose material of the bottom; from any corals and
shells and other organic objects living in the waters; and from the contribu
tions of marine currents as well as those of rivers - whatever is at hand
from depths of 30
being used. The transported materials may be gathered
feet or more. In regions of high tides and stormy seas, the great, rapidly
driven waves, as they move up the coast, may pick up large stones or produce
them out of the rocks, arid make stony beaches, or they may make a place
too rough for a beach. But with lower tides, and away from the rocks,
Nine tenths of all the
the beaches consist mostly of sand and gravel.
beaches between Florida and Cape Cod are sand-made.
The slope of the beaches varies much in angle. It is 15° to IS° along the
coasts of stormy seas and high tides, 7° to 10° along those of low tides, and
3° and less in sheltered bays. Deposition by the return-flow waters gives
this part of the beach a straticulate structure parallel to the inclined surface
(page 93).
Since the waves go up and down the beach twice in each 24 hours, and
as the tide rises, the beach is
gradually become stronger in flow and plunge
made to consist of: (1) The summit ground, of uneven surface. This is the
stones, shells, etc., and also
receiving place for the coarser material, including
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for long lines of seaweeds, which the wash of the waters carries up the beach
and has to leave l)ec:uise 11w sands of the ii }))eI' and drier )[Ft take most of
the waters off by absorption. I lere and just below are often I'mind aceurnu
lations of magnetic iron salI(l and garnet sand, which the return-flow was not
strong enough to carry back down the beach with the other lighter sands.
(See page 170.) (2) The bewh-slope, the outer suit ace of the beach-!oriiiation,

the stratification being parallel to it. When sand-iiiade, its surface is marked
with faint ehtanneliiigs of rills from the return-flow, and more taiiitlv with
wave-like outlines of the upward wash.
(3) The. iinder-water slope-the
continuation of the beach-slope downward beneath the water made by the
undertow and perhaps coarser in material than the hart above.
It is the
Stones and coarse
place for boring Mollusks, Sea-worms, and Crustaceans.
shells that may be dropped by the flinging breakers on the beach-slope are
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pretty sure to be carried back by the return-flow for aitotlier ihiaijee of
because the plane of rest is underneath them and not through their
trans-port,
centers of gravity ; and for the same reason the stones of experimenters on
beach-action usually go the unexpected way - seaward.
The grinding carried on over the beach reduces the sand to finer sand.
Mid especially the grains of feldspar and of all minerals softer than quartz.
The undertow carries these seaward, where the current distributes them over
the shallow bottom. In this way deposits of fine earth, clay, or mud are

forming near those of coarse sand or gravel. Tidal flats of mud or sand in
estuaries, when lying exposed above low water, are likely to receive ripple
marks, foot-prints of passing animals, raindrop prints, mud-cracks, and to
secure, when the tide turns, their burial beneath other sands and thus their
Under the tearing action of the heavier seas, the summit
preservation.

ground may be put temporarily into the beach-slope, or large portions of a
beach may be torn. away and reconstructed; and, since the volume of the
return-flow would be at the same time augmented, the beach may become
Along most windy shores it requires only
temporarily steeper and coarser.
one of the extraordinary storms that come at long intervals to destroy much
of the work of a century.
.. Extension of' beaches into poiiits or spits, and barriers. - A beach is, in
the long run, essentially permanent in form and structure, unless a coast is
But in regions of frequent
undergoing change in level or in other respects.

storms, the storm-made waves and currents give the sands a set or drift
WThien, in this way, the line of a beach reaches in its leeward
to leeward.
extension a shallow bay, time drift of sands, still continuing, will build out a
the stiller water of the bay
point where the current loses velocity against
or, if the water is not too deep, it will extend a barrier of beach-sand across
the bay, cutting off an inner shallow portion from the ocean, leaving only a
By such means the
single oblique entrance, which time titles had kept open.
south side of Long Island, and a large part of the Atlantic coast south of
New York, has been supplied with its beach-sand barriers, and also, inside of
the barriers, with a long range of sounds.

s).) I

DYNAMICAL GEOLOGY.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

The map, page 211, affords illustrations of these barriers. Montauk Point has its
beach, and also its bluffs of sand and coarse gravel. \Vestvard. the beach is continued on in
a series of barriers, outside of a series of shallow bays, which extend all the way to Coney
Wand and New York Bay. The barrier is seldom over 600 yards in with h, and is almost
wholly bare. vet has stumps at places 'n the inner side. Moreover. the westward drift,
of the sands has shialiowed the waters si'uth of the western pail of Long Island. The
zigzags here in the 10-fathom bat liyiuetric lita' show he direction of the wave-and-current
iliOVelilci it.
Part of the drifted sands of these beaches were supplied front the bluffs to the eastward, but ii:tr are the gatherings of the waves hi'oin the sea-l)otttin below the beach and
barrier, and a small part are from tIme feeble streams of utulwnii Long Island.
Aioii the
'\V Jersey coast and farther south the beaches arts usually hail a mile to
a mile in breath h. and many have an inner forcs -rovL'red belt. Sandy Hook-' miles
lrittiiit 14( the sands. anti an t I4itml)aliyiIu iiisithe
V111,11111 1, coot iii ucil through 11111 11 (lie ebb aild 1115w
1 of (hue Lute, as ltiuig sluice explained by I3aehic.
The drift, of the At lauttic coast, is here carried to
I (1w very margin of the uktpt.st ship channel out
of New York Ray. The hook-like shape of the
% OR
extremity uiav be din' it, drift iii I he Low, lslaiid
iii rect ion whit-u' that of the New .1 ersey direction
is ft 'reed to stop.
I'
L
Fig. i9G is a map of the coast-region
either side of Cal" i Iat.teras (II). Along
the coast. south (of' -N(-%v York the. rivers

carry out a largt ;nutouiit. of detritus,
which is 'vide (listrillutt'd, but the coarser
is gathered up by the waves to make the
The pi 'sition of the cape was
barriers.
probably determined by a cape of rocky
ridges which is now submerged. Off time

Luck Inlet (to (.'i,rrltuck Sound): N, New
Inlet; II, Cape Itaucra. ; 0, Ocrncock
lulet; C, Cove Inlet: L, Cape Lookout.

great Middle Bay of the Atlantic coast the
stomin-wimnis have their greatest velocity
when blow lug from the eastward-as
they do at the Bermudas. and hence the
course of the wave-and-current inovenient
is toward New York Bay, both along
southern Long Island westward and from
South of Ca
Cape I latteras northward.
I latteras (Ii) the drifting is, for a similar
reason, southwestward.

the Atlantic coast are on
Examples of remarkable dniftings of beach materials along
''
record. A vessel, the '' Sylph, was wrecked iii 1814-1815 oil I lie Snot hi siuk' of Long Island,
and materials from the wreck were drifted tr'st,ranl Lierotid Fire Island ; and 7 years
afterward her rudder was found 20 miles west of where she was lost. In another case,
coal fro in the cargo of a vessel wrecked tin time south side of Nmuit ticket was carried
eastward and then northward, and time keeper of time lighthouse if the north cape, called
fromim another
Great Point, supplied himself from it with fuel for the winter ; and brick
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vessel pursued the same course. Again, an anchor with 10 fathoms of chain attached,
from a brig of 2(N) tons wrecked on ('apt' Cod in'ar Truro, wa. drifted a wilt' and a half to
the north in three weeks. I'ht'si' facts are from ters by Lieutenant ('. II. I )av is
(1849,
I S51). Swli transportation is beyond the power of any current.,;; it is the work of the
(lashing, lifting, and propelling waves.
In the following t'Xauiple, the change of position
197.
is connected with a chiaiige in tile seasons. J. I).
I lague states that. at Baker Island (of coral), in the
L'aeilic (OL' lV N., l7t1 22' XV.), this fact is well ex
jov
hibited. In Fig. I)7, 1, 1. I is the southwest point of
the island, and R, H, H, the outline of the coral-reef
phi form, mostly a little above low-tide level; its
width, ed, LOU yards. In the sumnicr season, when
/X
the wind is from the southea.s, the beach has the
/ Z1
(
outline s, s. s ; during the winter inont.h.s, when the
wind is northeast, the material is transferred around
the point, and has the position w, w, u', having a
_width at (lb of 200 feet. A vessel wrecked in summer, and stranded at V1 was transferred to V' in the course of the month of November.
(.1. 1). hague, '(32.)
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6. &tnd-bar at the entrances of harbors or mouths of tidal rivers. - The
material of the sand-bars which obstruct the entrances of harbors has two
main sources: an inner, and an outer; the former tiu vial, the latter the wave
and-current dri mis of the coast, which contribute so largely to sand-barriers.
The positions of time bars depend much on the strength of the river current;
but also on the direction, form, and supplies of the wave-and-current move
ment produced by the storin-winds.
A small stream is often blocked entirely
by a sand-bar across its mouths, so that the waters reach the ocean only by
percolation through the beach. But large streams make distant sand-reefs

or barriers through the aid of the outflow, and keel) open channels even
in the face of the ocean.
The depth of water over the sand-bars at the mouth of a large river
or bay is, in great part, only 3 to 10 feet: a remarkable fact, considering the

opposing forces at work -the tidal outflow and inflow, and the plunge of the
storm-made waves over the mobile sands. The sands lie along the area of
rest between the contesting movements. New York Bay (map, page 211)
affords an example. The contributions of river sediment come from the
Hudson River and from sinai! New Jersey rivers ; and the Hudson is mod

erate in its supplies, considering its length and size, because it has almost no
tributaries for 60 miles, and small ones for 100 miles. owing to the westward
dip of the Catskill strata and the barrier of the Palisades in the southern
part. The wave-and-current supplies conic from the direction of the Long
Island and the New Jersey coasts; for New York Bay is exceptional in
Under these circumstances, Sandy
lying to the leeward of both coasts.
Hook, the sand-bars, and the barriers of the Long Island coast adjoining,
have been accumulated. The outlining of the bars, and the positions of the
three channels through them, are mainly due to the tidal outflow, which
DANA'S MANUAL-15
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includes, besides the tidal waters of the bay and river, the river
waters
of the Hudson and of the New Jersey streams, with the
important addition
of the high-tide overflow from Long Island Sound; and the southern channel
into the bay is the deepest, apparently because the New
Jersey streams
into
the
lower
abreast
empty
of this entrance.
bay nearly
Large tidal
grounds about a harbor are more essential even than a great river for the
best conditions of harbor entrances; and any encroachment on the limits in
New York Bay is carefully guarded against. The
depth over the surface of
the bars is mostly between 3 and 10 feet.
198.

199.

HY'
-.
/
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Over the bars at the mouth of the Columbia River, Oregon, occurs the
same small depth. A vessel ran aground on the outer bar on July 18, 1841,
and, after passing a night of calm weather, but of heavy and disastrous toss
ings as the waves of the Pacific rolled in during the progress of the rising
tide, lay quiet at daybreak when the tide was out, fixed in the sands, with a
belt of dry sand around her. The next day, she was an abandoned wreck.
(D., Notebook, 1841.)

The mouths of the Connecticut and Flousatonic rivers, and New Haven Harbor, whose
positions are shown on the map on page 211, afford excellent illustrations of this subject.
The depths in the figures are in feet; the lines mark depths of (1, 12, 18, and 24 feet.
The mouth and sand-bars of the Connecticut River are represented in Fig. 11)8. The
river is the largest of New England, and supplies abundant water and much sediment.
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But the wave-and-current drift, moving westward, finds its mouth open; and the sand-bars
there iiiade are so high and large that the greatest depth in the channel at low tide
is only 7 feet.
The mouth of the Ilousatonic River, west of New Haven (a stream 100 miles long) is
in a worse plight; for it gapes open directly eastward and faces the drift movement. The
greatest depth over the bar at low water
is consequently only 3 feet. The tide is
200.
7 feet; but the tidal grounds are small.
,
,rhe
harbor of New Haven (Fig. 11)0)
t
(
,_-_L
/ (
receives 3 rivers, the longest 0111% 35 miles
But, in contrast with the other casts, there
jlG
is a prolonged eastern cape of gneissoid
24
22
:' ni/
granite, and this forces the wave-and-current
26
25
J, 161.
80 26
drift to take
course more to the south7
31
31
as
'
ward over deeper water. The drift chokes
26
n
"
31
/2l
J
up the mouth of " \\ est River'' (the west89
26
28 30
84
ernmost of the three), but leaves the rest
25
34
3~7 53) !' 25
of the harbor mostly unharmed
Although
34
33
the tidal grounds are not large, the entrance
28
39
to the harbor has a depth over the bar of 20
39 40
46
feet ; and this it owes chiefly to its eastern
87
I:
i.'14
cape.
13 31
Harbor- imj.i'overnent.-The principle at
is 10 14
27 ST
40 40
the basis of improvements of harbors at the
17_ 10 /"22
45
84 67 40
mouths of tidal rivers is made plain by the
4242
10
preceding illustrations. It requires that there
should exist for each the largest possible
Mouth of the Tiousatonie.
tidal grounds, in order that there may be the
largest possible outflow of waters for channel scouring; and where not existing, that they
should be obtained by the construction, from the capes either side of the entrance, of a
breakwater or levee as far out as the depths will allow ; that the breakwater should rise
so little above low-tide level that. the title may freely enter over it and fill the bay ; that
the windward side of the breakwater should have such a position and extent as will carry
the wave-and-current drift far enough out to clear the leeward cape, if possible. A harbor
with a large breakwater receives great aid for channel scouring from the waters that, are
piled in by the storrn-winds. These winds sometimes keep driving in water, and making
an undercurrent out of the channel, through all states of the title. As to one or more
additional channels to the harbor, the engineer has to decide after examination. In the
case of a tideless river, like the Mississippi, the channel may be improved by embank
ments alongside of it; but not so that of a tidal river.
The harbors made by coral-reef barriers about Pacific islands are in accordance with
the best models ; and an atoll with a ship entrance to the lagoon is such a harbor isolated
in midocean. The outflowiiig tidal waters keel) the channel in good condition.
The formation of sand-bars in Long Island Sound, and the variations in
depth, are due mainly to variations in the velocity of the outfiowing tide, as
partly explained on page 216, the rivers being the chief source of new material.
But the position of the deeper channel has come down to a large extent from
the Glacial and Champlain
preceding geological time, and especially from
periods, when depositions were on an enormous scale. In other cases over
the coast region the shoals indicate the forms, and partly the positions,
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of former emerged land.
Moreover, the eddying of the wave-and-current
flow about islands has made long spits as
prolongations of their points
or capes.

7. Action of the oceanic waters over a submerged continent, and.
durinq a
or
-Were
a
progressing submergence
emergence.
slowly progressing submer
gence of a continent, or of any large part of one, in progress, the waves and
marine currents would work over the loose earth, gravel, and alluvium of
the surface, thereby changing them into marine deposits; the living species
of the land and the fresh waters would be destroyed, and marine life would be
introduced; and the general features of the sui:face would be changed through
a wearing qff of heights and a filling of preexisting valleys, and not b!/ the
excavation of valleys. It might be supposed, at first thought, that the ocean
would wash through the valleys with great excavating force, and make deep
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gorges over the surface. But from the present action on seacoasts, it is
learned that with each foot of submergence, the seabeach would be set a
little farther inland, so that the whole would successively pass through
the conditions of a seashore. The salt waters, in fact, enter the river-valleys
of a coast but a short distance, because they are excluded by the outf-Iowing
stream. During a progressing submergence, therefore, the ocean would have
no power of excavating narrow valleys, unless they happened to be open at
both ends and of great breadth and depth, so as to allow the oceanic currents

to sweep through.
In a subsequent emergence, the mountains and ridges would be still
further degraded, and the valleys filled by their debris. The laws of sea
coast action would again come into play, and the wear of all new headlands
and, the filling of bays would continue to be the result, so long as the emer
gence was in progress.
If the continent were to a large extent without mountains, as was the fact
in early geological time, the broad flat surface might then lie slightly above
or below the tide-level at once, or nearly simultaneously, so that, under a
small change of level, the waves might sweep across the whole area and the
deposits have a continental extent. 'i1l rough continental oscillations, caus
ing slight emergences of large areas to alternate with varying suhiiiei'gences,
variations in the forniations would be produced, differences of depths and
differences of currents causing transitions from arenaceous to argillaceous or
to pebbly accumulations, or to clear waters fitted for corals and the other life
which has contributed to limestone-making.
Evidence of emergence or elevation is to be looked for in the presence of
stratified beds containing marine fossils; and when no such evidence exists

over a country, the proof is defective, so much so, that facts from elevated,
beach-like accumulations or terraces of sand or gravel are not worthy of
much consideration, unless oil land fronting the seashore. The sea-border
animal life readily moves in when a. submergence is in progress; for each
float landward
species has its limits in depth and must move or die, and. ova
with the waves and currents; hence fossil-bearing, sea-border deposits would
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be sure to form in favorable places. On the emergence, these
deposits
remain to mark progress. Beach-like deposits are readily made by rivers
aud on lake-¬Iiores.
Wou

IN THE OCEAN'S ABYSSAL DE-PTHS.

The bottom of the ocean, down to about 1ii.OO() feet, has its abundant
life, and besides
ever receiving relics ill great profusion from the pelagic
life of the waters. and thus it. may over Ia rg4 portions he making Ii mestones

and flint-beds but it is poor in other geological work.
It feels the
of the tidal wave, and also that of the polar flow toward the equator,
move-ment
each

under the ocean's heavy pressure. But these are iiifiiiitesiiiial sources
of force, and have, therefore, no sensible, mechanical effects, either in the
way of transportation or abrasion.
The near convergence of ridges that
could bring the waters passing between them into a working condition does
not exist.
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Thieve are hence no means of producing a stratified or bedded structure
in the abyssal deposits. excepting earthquake vibrations, the results of whiell
would be local, and variations, with the passing ages, in the pelagic
abyssal
life of the waters, causing variations in the showers of Diatoms or of shells
of Rhiizopods, or in the growth of Sponges and other species over the bottom.

The wide-spread contributions of volcanic ashes from volcanoes, especially
the oceanic, drop to the bottom and rest. there, undergoing only such
chemi-cal
changes as may go on at the temperature.
Tidal or current scour is limited to relatively shall u' depths or unusual

conditions. Mellaril iteade mentions eases of probable tidal scour at bottom
in channels between islands on the coast of Scotland.
But the depths
(10 not exceed 800 feet. He also reports (1S$.) that. according to Sir
James Anderson, the undercurrent out of the Mediterranean near (ibra]tar
moves the water to its bottom, and that at t()O fathoms the wire of time
electric cable was ground like the edge of a razor, so that they had to aban
don it and lay a new cable well inshore.
This is confirmed by Captain
Nares, who reports that he could get no specimen of the bottom probably
because of a "perfect swirl at that depth."
The great oceanic currents carry on little transportation and corrosion of
detritus, on account of their distance from the land.

The Labrador current,

with its westward tendency (page 4), acting against the submerged border
of the continent, may have produced some results in past time, if not doing
so now. But its chief geological work has been the transportation of ice
It has been supposed that the course of
bergs, and that has not yet ceased.
the steel) outer slope of the submnergt'd Atlantic border has been determined
by the oceanic currents; but it is far more probable that the position of the
the
slope has directed the courses of the currents. The Gulf Stream along
Florida Straits and toward Cape hatteras has a velocity sufficient for abrad
ing action ; but the stream does not carry its surface velocity to the bottom,
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even in the Florida Straits.
Over a portion of the ' Blake
plateau," a region
southeast of Georgia, between the lines of 100 and 600 fathoms, the bottom
is "clean of mud and ooze, and almost so of
living species"; and A. Agassiz
has hence suggested that abrasion by current action
may be going on over
it. It is a question for investigation.
The bottom of the Atlantic Ocean, south of Newfoundland and thence
southwestward, has received droppings of stones, gravel, and earth from ice
bergs, and the deposits of the Glacial period extend some distance south of
the latitude of Cape Hatteras. They consist of sand, stones, and some
large
bowiders of granite and other rocks. The
"Challenger" expedition dredged
up a 500-pound bowider of syenyte in this region near latitude 41° 14' W., from
a depth of 1340 fathoms (Murray, 1885). The "Albatross," of the United
States Fish Commission, obtained granite bowlders of 50
pounds near 71°
72° W. and 37° 40'N. (Verrill, 1884). In the Glacial
period, even New York
and
Bay,
perhaps Delaware Bay, discharged icebergs for transport by the
Labrador current to a melting region on the borders of the Gulf Stream.
On the east margin of the Gulf Stream, in 2000 fathoms, the
dredge has
found, as Verrill states, only the usual Globigerina ooze, and farther south
toward the West Indies, the bottom is no less free from continental debris.
But the modern era has its new element, which has made exceptions pos
sible over all the ocean.
Owing to the presence of Man ill the world, whose life is on the waters
as well as the land, the bottom deposits have been found in one case to afford
a dredge-load of red bricks,
it was brought up from a depth of 1537 fathoms
10,000
feet)
in
the
Atlantic in latitude 390 3' and longitude 700 51';
(nearly
and Professor Verrill, the reporter (1884), remarks that the bricks were
probably from the used-up furnace of a returning whaler, and were thrown
overboard when nearing home after a whaling voyage.
We are led by the facts to the belief that in the cold, dark, still, abyssal
depths, through which transportation is reduced to descent by gravity, ooze,
sprinkled with volcanic ashes for concretion-making, is the substitute for
sand, gravel, and mud; and where the means of biological progress are
simply strife for food and mate and physiological response to living work,
there is excessively slow and feeble geological change.
III. FREEZING AND FROZEN WATER:

GLACIERS, ICEBERGS.

Water performs part of its geological work ill the act of freezing, and
another part when frozen, in the condition of snow and ice.
WATER FREEZING.
1. Displacement and fracturinq. - Since water on becoming ice, at 32° F.,
and diminishes in density
increases in volume about
or lineally about
to 04)2, whenever freezing takes place in crevices, it opens and deepens them,
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and thus carries on a process of displacement and destruction. It tears to
pieces rifted, jointed, and laminated rocks, often separating large masses; and
as most rocks absorb moisture at the surface, if not also through the mass,
few escape disintegration by this means when
exposed to icy weather.
Hence rocky bluffs in cold latitudes have usually a talus of broken stone,
while, in the tropics, this source of fragments fails. This kind of
degra
dation has produced much of the earth and coarser loose material of the
globe.
The divellent effect of freezing in fissures may he increased
by an
addition to the ice first formed in the fissure through water taken in
between the ice and the rock. The same interstitial process often goes on
beneath the stones of a pebbly soil, and ends in lifting them out of the
ground, to a height of an inch or two, each on its own ice-column. The
process serves to bring the stones to the surface, and thus has an assorting
effect.
As a body of water 3 feet wide will make a volume of ice a foot thick
and 36 feet wide, the freezing of the surface of small ponds brings pressure
against the sides, or their rocks, and shoves loose stones up the shore, making
a low rampart.
It also causes fractures and ridges over the surface of the
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ice.

Freezing usually begins about the shores, and in its expansion this
littoral belt of ice slips over the water, and only the central portion, which
becomes frozen later, is thrown into a strain.
2. Downward creeping of soils through freezing. - A displacement or
creeping downward of the earth or loose material on inclined surfaces

is a common effect of successive freezings and thawings, as well as of
changing temperature and other causes.
Interesting examples have been
described from North Carolina by W. C. I(r.
201.

202.

203.

Displacement by the action of frost. Kerr, '81.
Fragments of quartz veins are here represented as traveling down the
slope after becoming detached. In the first of the figures, the veins have
received a bend downward through the decomposition of the rock, a mica
schist, and the slipping movement also includes the soil.
According to
the experiments of C. Davison (1889), each freezing produces a slight
upward movement, normal to the inclined surface, and the thawing, a
The deeper the
vertical settling, and thereby a displacement downward.
freezing in any ease, the greater would be the displacement.
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1.

Water frozen is rock. It may be rock of
nearly pure ice, or a con
glomerate or sandstone with a cement of ice.
In this state its movements
are those of rock-masses, and the effects
depend partly on the material
cemented.
2. The freezing along shores
envelops stones and earth that lie above
and below the water's surface or that may fall from
adjoining bluffs. With
a rise of the water, masses thus loaded
may float off with the current, or
be
driven
the
land
a
wind,
may
and make heaps or ridges of stones.
up
by
These effects occur on the borders of both rivers and lakes, and also
along
seashores. On the Newfoundland coast the shore-masses of ice, loaded with
stones and bowiders, become very thick, and when struck
by an ice-pack
moving down from the north, are sometimes pushed a hundred yards up
a shore; and their blows against the rocky bluffs often do
great execution.
On the other hand, cables and anchors at times make
part of the cemented
materials that are carried away from the shore (S. Miltie, 186).
3. Ice formed about stones over the bottoms of streams or lakes is
called ground-ice or anchor-ice.
It may thicken until the stones are floated,
and drift away with the current down stream or p the shores.
Dams are made across rivers at narrows (as at the Delaware Water Gap)
by ice-masses, when the ice-layer over streams becomes broken up, occasion
ing great floods over the regions above.
4. The impervious layer of ice and frozen earth, which sometimes covers
many thousands of square miles in cold regions, gives waters derived from
precipitation or melting easy flow from the hills to the rivers, absorbing
nothing, and usually at a time when evaporation is at a minimum; and thus
the greatest of river floods are produced. Further, waters beneath an icy
crust, receiving accessions from meltings where rocks outcrop and become
heated in the sun, may gather, in consequence of the confinement, into
underground streams, and these streams will come to the surface over any
spot not frozen, as the cellar of a house, and other places protected from
the cold.
5. The ice-layer on a steep slope, enveloping, it may be, much gravel
or earth, may slip down as a mass, in a creeping way or abruptly, when
the material underneath is much wet, making landslides.
The columnar structure characterizing ice is partly the occasion of its sudden dis
appearance from lakes in the spring. Totten states (1859), respecting the phenomenon
on Lake Champlain, that in the progress toward melting, the ice (one to two feet thick)
becomes changed into an aggregation of vertically prismatic crystals, somewhat irregular,
which touch only at points and on the edges; and though still appearing to be solid a cane
may be shoved through it. In this state, a heavy wind makes the ice of the whole lake
vanish in a few hours. The thickness of the disappearing ice may be known from the
broken ice left in prismatic fragments fringing the shores.
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( LA([ERS.
1.

General Features and Formation of Glaciers.

1. Nature
ilie,ers. - Ordinary glaciers are accuuuilatioiis of ice of sufhewitt size ti.) flow down I ruin snow-eovered elcvat.iuiis. They are ive-streams,

101) to 1000 feet or litore iii depth, fed by the snows and lio:u' frost of exten
sive areas above the limits of' I)(rPttuLl trust.
The half-cuillpact(A Snow of
the source is the is&ré of the Swiss, the /!i'u of the (krinans. These fields
stretch on from boo to 7500 feet below the s,iow-Liiie, because they are
masses of ice so thick that they are not entirely melted during the suiiiiner
season. Some of them extend down between green hills and blooming banks
into open cultivated valleys. 'File extremities of the glaciers of the Gnu
deiwald and Chiainouni valleys lie within a few hundred yards of due gardens
and houses of the inhabitants.
Each glacier is the source of a stream uiiade from the melting we.
The
sub-glacial stream begins high in the mountains, from the waters that descend

through the ice; finally, it gushes forth from its crystal recesses, a full tor
rent, and hurries along over its stony bed down the valley.
An avalanche is a mass of ice, snow, water, mud, and stones sliding with
crashing sounds from some point high up on the side of a mountain; a glacier
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

j

j

Between the two there are
flowing slowly from a perpetual source.
small glacier patches, lodged in steel) valleys, called /miqiiug.glot'iei's that
never mauve far enough to gain a descent.
As in the case of rivers : (1) glaciers depend for formation and size on

the amount of precipitation, and on the size of the drainage area; (2) they
take possession of all the valleys of a mountain-region and flow down slopes
of all angles; (3) the ice-streams of the upper valleys combine, like so many
tributaries, to make the large ice-courses or trunk-glaciers ; (4) they suffer
loss from evaporation.
But unlike rivers : (1) glaciers require for origin a region extending above
time limit of perpetual snow ; (2) they require for commencement of flow

a large accumulation of time material of a stream ; (3) the conditions for
Moreover,
increase are best when the yearly precipitation is largely snow.
(4) time drainage areas are always small Compared with those of rivers. The
Aletsch, the longest glacier of time Alps, and according to 'rym)(hLn the grand
est, ends in less than 1 miles ; and no glacier outside of Greenland and the
Further, (5) they often have
Antarctic region exceeds 60 miles in length.
confluent heads in a snow and ice region, and may have nearly universal con
fluence over a continent., as in a Glacial era.
Time limit of pecpetiiu! SlOW, above which lie the snow-fields of the source.
is in gelmel'al near the line of :32° F. for the nicait temperature of the summer.
But it varies with time I)rec1I)mt1ofl ; for it this is small, the snows of winter
cool summer, and the limit may
may be mostly melted by the heat even of a
be much above time summer line of 32° F.. while, on time (ontrarv, if very
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large, the snows may be permanent far below the line even if the summers
are warm.
In accordance with this principle the snow-line in wet southern
Chile is 6000 feet lower than it is in corresponding latitudes in North
America, and 3000 feet lower than in Europe; and in cl'n northern Chile, in
latitude 33° S., it is as high as it is 15 degrees farther north
(Buchan).
But exceptionally snowy winters followed by a succession of two or
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more cool summers may make accumulating deposits of snow in some shaded
valleys of high mountains that are much below the normal limit of per
petual snow, and produce temporary accumulations of ice that have incipient
flow - a fact observed in the White Mountains, N.H.
The height of the line of perpetual snow is 18,500' in the western Cordillera of the
Bolivian Andes near the equator, and 15,020' in the lees dry eastern; 12,980' on the south
side and. 16,680' on the drier north side of the Himalayas; 12,780' in the Chilean Andes,
near Santiago; 14,700' in Mexico ; about 13,000' in Teneriffe ; 8400' on the northern and
8800' on the sunnier southern or Italian slope of the Alps; 5000' in Norway; 3000' in Lap
land ; 5500' in Alaska; about 2000' to 2200' in Danish Greenland, where the mean annual
temperature at the sea level is between 18° and 330 F., it being, according to Rink, at
Upernavik, in 720 48' N., 13.3 F.; at "Jakobshavn, in 090 14' N., 22.6 F.; at Godthaab, in
64° 8' N., 27.8 F.; at Licbtenau, in 00° 31' N., 33.2 F.; the annual range of monthly
means, at Jakobshavn, being 0.3 F. to 45.3 F., and at Godthaab, 118 F. to 484 F. The
temperature of the soil 4 feet under ground at Godthaab varies during the year between
31.5 F. (in March) and 40.1 F. (September).
Lowering the mean temperature of a place, by cooling the summers, lowers the glacier
limit. Great Britain and Fuegia (Tierra del Fuego) are in nearly the same latitude ; and
yet, in Fuegia, the snow-line is only 8000' above the sea. If, by any means, the climate
of Great Britain could be reduced to that of Fuegia, it would cover the Welsh and Irish
mountains with glaciers that would reach the sea, the snow-line being but 1000' to 2001)'
above it; and the same cause would place the snow-line in the Alps at 5000' to 6000' above
the sea, instead of 8400'. This change of temperature involves a removal of tropical
sources of heat, or an increase of arctic sources of cold.
The length of flow of a glacier before it melts away depends mainly, as
stated above, on the thickness of the ice-mass, and largely because ice cannot
melt without absorbing an amount of lie-Lt sufficient to raise the temperature
of a like quantity of water 143° F., the latent heat of water. As a consequence

of.this, an ice-mass has a thin layer of cold air about it; and if also covered by
earth, to shut off the winds that aid evaporation and also to protect it from
An ice-house affords a fa
the sun, the permanence is greatly increased.
miliar example; and others are the dirt-covered masses of ice only a foot
or two thick that linger on the north side of houses at times from winter
into April in the middle latitudes of eastern North America.
In the Alps the glaciers extend down 4501) to 5300 feet below the snow
line. The snows of the glacier-source in the mountains take the half-com
pacted condition of the névé for a distance above the snow-line as far as
there are seasonal or other alternations in temperature sufficient to produce
occasional meltiugs.
Over the snow-fields, the extreme cold of winter is
followed by months of less stringent weather, and by meltings that send
water down through the mass and make it coarsely granular and more or less
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firm.

The accumulations are
.1ratje(!, because made from a succession of
snow-falls.
Surfaces exposed during the intervals between the falls become
hardened and often sprinkled with dust, and, in some
regions, covered with
of
the
iniiiute
Protococces. It may be made straticulate also
growths
through
the drifting of the snow.
the
lower
of
the
nevé
becomes
Gradually
part
consolidated into stratified ice.
Besides the dust from
the winds, the névé
may also contain earth and stones from avalanches; but it has no surface
accumulations of stones, because those that fall
upon the névé sink into it.
2O4-2O.
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Fig. 204. - Part of the glacier-district, of Mont Blanc the lighter middle portion of the map 16 miles long
out of 22 miles, the whole length ; river on the northwest aide, the Arvc, in the valley of Charnouni, and those
on the southeast side, tributaries of the Dora Baltea; B, Mont Blanc; U, Aiguillo do Want; J, the Jardin;
T, JOg. du Tour; V, Aig. Verte; a, Argentk're 0 lacier; ba, Brenva (II.: bn BOSSOIIS U I.; b, Bois (31.;
g, Want or Tacul GI.; I, Lechaud 01.; in, Mer do Ulace, upper part of the Bois 01.; nag, Miage GI.;
La, Tak'fre 01.; tr, Tour GI.; U, Trient 01.
Fig. 205.-Section of the Mer do G lace, near in of Fig. 204, or opposite Trtlaporte; 206, section of
same, near bs of Fig. 204, or opposite Montanvert; 207, view of the Rhone U lacier; 208, profile of same, c, C,
etc., being the transverse crevasses, fading out, and becoming curved after passing the cascade at Inn.
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Wherever the mass of the névé is sufficient to overcome the resistance to
motion, the true glacier begins.
The ice is porous, because made of more or
less closely united grains. The grains, which are at first small,
enlarge as
the stream descends, and in the Aletsch glacier some become two to three
inches in diameter.

Moreover, the grains have a crys
(Forel, 1880, 1890.)
talline texture, as has been proved by examinations with polarized light.
The porosity of glacier ice is made manifest by pouring on it aniline purple or
indigo
sulphate; the liquid penetrates it and gives it a marbled appearance. The specific gravity
of the iceberg ice off the west-Greenland coast has been found to be only 0866, owing to
its abundant linear cells (Hefland, 1877).
Glacier regions. - In further illustration of the general characters of
glaciers, reference is first made to the Alps, the best known of glacial
regions. The Swiss Alps are divided into northern and southern ranges by
the east-and-west part of the valley of the Rhone, and the continuation of
2.

the depression westward along the Trient and Chamouni. In the southern
range are two glacier regions, the western, of Mont Blanc, and the much
larger eastern, of Monte Rosa,
209.
besides some much smaller
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Mont Blanc has a
of 15,7'84 feet, and

height
Monte Rosa of 15)163.
In
the northern range: there is
the glacier region of the Ber
nese Alps (so-named from the
Canton of Berne), in which
stand the Jungfrau, 13,671

feet high; Eiger, 13,045; FinFinsteraarhorn, 14,026; and the
Aletschhorn, 13,800 feet.
The map
page 235
the larger part of
represents
"n
"
the glacier region about Mont
Blanc, with 30 to 40 of its 50
On the northwest
glaciers.
side is the valley of Cha
mouni, or that of the river
Arve; on the southwest, Allée
Blanche and Val Ferret, in

Savoy. The summit of Mont
Blanc is at B. As just stated,
Union of the glacieri. Tyndall.
each valley in the ice-covered
area has its glacier. The largest extends from Mont Blanc, northeastward
to g, where it receives, and for the larger part is, the Glacier du Géaiit (G
the Mer de Glace, it receives
being the Col du Géant). At m, where it is
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the Lechaud Glacier (1), and then becomes the trunk glacier, called the
Glacier des Bois (bR). The Lechaud Glacier has its tributaries, one of which
is the Glacier dii Talèfre (Ia), on the border of which is the Jardin
(J).
This union of tributaries is well shown in Fig. 209 (Tyndall), which is so
labeled as not to require special explanation. The glaciers of the steeper
and warmer Italian slopes, as the map shows, are relatively short.
The Monte Rosa ice-region has still grander glaciers.
It is reached by
a road from Visp, on the Rhone, 30 miles long, to Zermnatt. Within it stand
the Matterhorn or Mont. Cervin, 14,780 feet high, the Breithorn, and other
peaks, overlooking the Görner Glacier. Fig. 210 is reduced from a plate in
Agassiz's great work on glaciers. The Görner Glacier comes in from the left
around the Biffelliorn, while on the right a tributary glacier is received from
the Matterhorn region.
210.
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The Gorner Glacier, with the Breithorn In the distance. AgaBsiz.
The glaciers of the Bernese Alps, like those of the Mont Blanc and
Monte Rosa regions, are largest over the Rhone valley slopes. The long
river-like Aletsch and Viesch glaciers have their snow-field sources against
the Jungfrau and other north-side peaks, and the former descends to
within 4440 feet of the sea level. More to the eastward flow the two great
Finsteraar and Lauteraar ice-streams, which unite a few miles from the

Grimsel Hospice, to form the Aar Glacier, on which Agassiz made his obser
vations. Sloping northward away from the Rhone valley, there are only
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small

glaciers -the Grindeiwald and some others. The reason for the
difference in length between the glaciers on the Rhone valley slopes and on
the slopes outside is therefore chiefly topographical, though temperature
shortens the small streams on the Italian side.
3. Glacier Cascades. - The Rhone glacier, east of the river Aar, at the
source of the Rhone, is a glacier-cataract (Figs. 207, 208, p. 235), and the
Glacier du Géant, of the Mont Blanc region, is another. The descent of
the latter is 140 feet; it passes from the plateau of the Col du Géaut over a

vertical rock-wall of the Tacul
4. Glacier Lakes. - Against the east side of the Aletsch Glacier lies Lake
Glacier-ice constitutes the western side or con
Merjelen, a glacier-lake.
which is there 150 feet deep, - and a moraine
fining barrier of the basin,
its bottom. Shiftings in the Aletsch Glacier empty the lake once in one to
four or five years, deluging part of the Rhone valley.
The most accessible of the large glaciers of western North America is
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the grand Muir Glacier, described first by Professor Muir of California
(1879), and later by Professor G. F. WTright (1886) and others. It descends
to Glacier Bay, at the head of Cross Sound, in latitude 58° 50', and has a
width at the sea level on Muir Inlet of about 500() feet. Several streanis
are here united over a circ of 30 to 40 miles, the two principal coming
from the northwest and north. In this direction is Mount Fairweather,
15,500 feet high, while Mount Crihlon is to the south of west, 15,900 feet high.
The glacier had a front on the water in 1886 (Wright) 250 to 408 feet in

height; but in 1890, of 250 feet as the maximum, there being evidence,
according to H. P. Cashing, of some retreat as well as diminished height
since 1886, the retreat on one side amounting to 301)() feet (1891). On either
side of Muir Inlet are mountains under verdure; those on the west reach a
height of 2900 feet, while on the east stands Mount Wright, 3150 to 5000
feet. Over the latter are "large areas of flowers in full bloom," "blue-bells,
daisies, buttercups, violets, the purple epilobium"; and, "oil the north side

of a slight elevation, great masses of snow were preserved in the very midst
of these brilliant flower-gardens."
(Wright's Ice Age.)
Other grand west-American glaciers are those of Mount St. Elms - an ele
vation over 18,000 feet high. The general features of the great Malaspina
Glacier are shown on the accompanying map, from a paper by I. C. Russell.
The glacier is named after Malaspina, who explored the coast in 1792. It is
a great ice-plateau about 1500 square miles in area, and mostly 1500 feet
above the sea level. The Seward Glacier, one of its feeders, is 50 miles long
were given the
according to Russell, and the Agassiz and Guyot glaciers
same length by Schwatka (1886). From the point between the Seward and
the Mal.aspina
Agassiz glaciers, a high and broad medial moraine crosses
a large and in part forest-covered
Glacier to the moraine of the border
Glacier are
region of stones and earth. On the border of the Malaspina
and
many lakelets, like Merjelen, which crevasses occasionally discharge;
beneath it are drainage streams.
(Russell, 1892.)
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In the Himalayas, on the Bahio Glacier in the Mustakh Range, there are several
large
lakes spread over the middle of the glacier for 2 miles, some of them 500 yards
long and
200 to 300 broad. (Godwin-Austen, 1879.) Colonel Tanner (1891) states that the
glaciers
of the Sat valley come down to the bottom of the valley, and "forests, fields, orchards,
and. inhabited houses are scattered about near the ice-heaps."
In South America, the glaciers of F'uegia, first described by Darwin, reach to the sea
level. Glaciers occur at intervals northward along the Andes, and even under the equator.
In North America, the most southern glaciers are some of small size about Mount
Lye!! (13,217') and Mount Dana (13,227') in the Sierra Nevada; the length is from half a
mile to a mile. (Muir, 1872 ; Le Conte, 1873; Russell, in an illustrated paper on the exist
ing United States glaciers, 1885.) There is a small glacier also on Mount Shasta, Cal.
(14,511', King, 1870), and others on Mount Jefferson (15,500') and Mount Hood (11,225')
in Oregon; and one of greater size about Mount Tacoma, 14,444' high, in Washington.
Farther north, on the same coast, glaciers are numerous. On the delta of the Stikine
River, near latitude 570, as first described by W. P. Blake (1808), are four glaciers, and
one of these terminates in a bluff of ice nearly 2 miles long and 150' high. Farther
north are the Auk and Patterson glaciers, about latitude 58°, the 1)avidson Glacier, in 59°
45f, and many others. Those about St. Elias are the largest glaciers in the northern hem
isphere outside of Greenland and the Prince William Sound Alps.
North of Bering Strait at Kotzebue Sound, lat. 600 15', the ice-cliffs are the edges of
great sheets of ice, which extend far inland and have 2 or 3 feet of soil above, over
which there is a luxuriant growth of vegetation. There are no mountains in the vicinity.
(Kotzebue, 1818 ; Dali, 1880.)
Along the Rocky Mountains, small glaciers exist in the Wind River Mountains, at the
head of the Flathead River in Montana, and north of the Canadian Pacific Railroad in the
Selkirk Range, near the cut through the mountains. Near 54° N. is the northern glacier
limit in these mountains.
Greenland, about 700,000 square miles in probable area, has at least five
sixths of its surface continuously covered with ice (Peary). The only part
bare is a strip along the coast 30 to 60 miles wide on the west, and of less
width on the east and north.
Its annual precipitation is only 7 to 10
inches.
In the accompanying map
Lieutenant Jensen (Fig. 212),
Strait), which extends up into
fringe, 30 miles or so wide, of

of a part of western (Danish) Greenland, by
the shaded part, to the left, is the sea (Davis
many of the fords; the white part is the coast

bare laud with its deep fords ; the black is
a portion of the interminable ice-cal) of interior Greenland; and the white
spots in this part show where rocky peaks, called Hunataks in Greenland,

project like islands through the icy surface, those at J N to a height over
On these
5000 feet above the sea, and 100 to 500 feet above the ice around.
Nunataks are growing and flowering plants of the genera Run iincuius, Polen
tilla, Silene, Saxifraga, Pupat'er, Luzula, Oxyria, Triset'm, and others. The
As
surface rises inland to 5000 to 10,000 feet, and the ice pushes shore ward.
it descends along the coast, valleys, or fords, it takes the form of ordinary local
so-called Greenland glaciers.
glaciers, and such projecting portions are the
The larger glacier on the map, 10 to 12 miles wide, is the Frederiksbaab
Glacier; the arrows show the directions of movement in the ice. Another
or fiord. North of latitude 79°
glacier occupies the head of the Björne Sund,
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20', the I-Iuinboldt Glacier has a breadth on the sea of 4.5 miles. Over the jutenor ice there are small lakes and rivers ; the latter
plunge down crevasses
to become undergiacial streams.
Thus, a large part of tln fjords, on the
west and east, and also on the north side of Greenland, as shown
by Peary,
are the courses of (rIaCjerS
212.

The black part, ice; while, hind: shaded. water; J N, Jensen's Nunalak, or rocky peaks; 1) N, Dala
ger'B Nunatak; white lines on the black, crevasses; arrow8, glacier-flow. J. A. 1). Jensen, '79.
The Greenland ice is in many places covered with a minute Alga, the Prot.ococcug
nivalz.s, and in some places so much of it lies together that it becomes l)Utreseent.
There is also much dust -tile cryoconite of Nordeiiskiöld - which may be of volcanic
origin, and possibly from 1-lecla. An analysis of it. obtained Silica 622, alumina 1403,
FeO3 074, Fe() 464, Mn() O'07, magnesia ;"00, little 509, soda 41)1, potash 202, phos
phoric acid 011, sodium chloride 000, water 3O, which is near the composition of oligoclase
with some hornblende, or pyroxenc, and traces of other ingredients. Doctor Rink, the
Danish explorer, says that out of the 10 inches of annual precipitation 5 per cent. are needed
to supply the loss from icebergs, and that. the rest makes up the amount lost by evapora
tion and by the discharge of waters.
In the Antarctic regions, Captain Ross found glaciers in lat. 75_780 S., near long.
1700 E., and Captain Wilkes (1840) reported the discovery, at intervals between 165° and
1001 E., along the Antarctic circle, of the outline of a great ice-barrier 150' to 180' high.
The "Challenger" expedition followed the course of the barrier from 80° E. on the
Antarctic circle to 1000 E., thus carrying Wilkes's line 20° farther west and on Heard
DANA'S M..NU1/4I. - it;
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Island (7000' high) in lat. 530 10' S., long. 730 30' E., several glaciers were seen which
came down to the coast-line, and made cliffs of ice on the shores. On the New Zealand
Alps, whose peaks are 7500' to 12,35Ø in height, there are glaciers, of which the Tasiiian
is 18 miles long and 2 wide.
The snow-line is at 5000', and the ice descends on the
west side to 600' above the sea.
The so-called hanging-glaciei's occur about steep slopes of many glacier regions, as
the peaks of the Mont Blanc region, and between the snow-covered plateau of Norway
and the sea. Reconstructed glaciers (glaciers remainés) are made out of the fallen ice of
avalanches by regelation. At the Jökuls Fiord is a fine example of it. Geikie, describ
ing it, says the ice slips off in occasional avalanches from the edge of the high snow-field
into the defile, and there becomes recemented into a tolerably solid mass, which moves on
as a glacier, and continues to the sea level.
2.

The Flow of Glaciers.

1. Conditions of flow. - In addition to the relations of glaciers to rivers
already mentioned, there are the following: -
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As with rivers: (a) Friction impedes flow along the sides and bottom,
and consequently the most rapid movement of the glacier is along the mid
dle portion above. This effect is least in large and deep streams, and at a
minimum in great continental glaciers.
The more rapid flow of the middle at the surface of the stream is proved
by the observation that a straight transverse line marked by poles set up in
the ice (ab) becomes a curved line (ccl) in consequence of

the movement; also by the fact that the transverse cre.
vasses of glaciers become arched in front, as in the Rhone
Glacier (Fig. 20fl, and that transverse dirt bands become
similarly arched (right half of Figs. 205, 206, Forbes, Tyndafl), repre
senting the condition in a tributary glacier, the Géant, after union with
other tributaries on the left (page 235). Further, the retardation at bot
tom is proved by the fact that vertical blocks made by transverse crevasses
take an up-stream dip, which gradually increases with the flow.
(Guyot,
1838.)
(b) At a bend in the stream, the movement is more rapid on the convex
side than on the concave; and the medial line of greatest rapidity is nearest.
the convex side.
above becomes more or
(c) When the stream abruptly narrows, the ice
less heaped and slower in movement, and then passes the narrows with an.
increased rate of flow.
bends about
(d) On passing small rocky islets, the glacier sometimes
the obstacle and envelops it without breaking, as in the case of two islets

of rock in the midst of the Brenva Glacier, showing a molecular adjustment
in the ice. (Guyot, 1838.)
But, unlike rivers: (e) Winds neither impede nor accelerate the sur
face movement; and (f), as with other solid substances, the yielding to
resistance is commonly attended by fractures called crevasses, and by (us
placements.
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2. Lanellar or straticuiute. structure of qiticier-ice mod/ied by the flow; the
blue bands," or ' veined structure." - The ice of a glacier, as first observed
by Guyot (1838), is often vertically laminated parallel to its sides, and
sometimes so delicately that the ice appears like a senhi-transparent striped
marble or agate.
The layers are alternations of cellular (or snowy) ice and
clear, bluish, solid ice, and an indication of the porosity of a glacier. The
inciting of the surface sometimes leaves the ledges of the more solid layers
projecting. This is well seen either side of the middle portion of the Mer
de Glace, and in the Brenva and Aar glaciers.
Guyot found the structure

in the ice of the summit of the Gries Glacier at a height near 7500 feet.
He concluded that the layers were made from the daily driftings, deposi
tions, and hardenings of snow over the névé region; that they were origi
nally horizontal or parallel to the surface of the glacier, as in the bedding
and straticulation of a shale; and that the various positions assumed, includ
ing parallelism to the sides of the valley, were probably a consequence of
the flow, and of the greater velocity at middle. The structure is attributed
by Tyndall to the pressure to which the ice is subjected in making its way
between the walls of a valley; but regions present it that have had no such
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pressure.
The view that the movement of glaciers was essentially like that of rivers or "soft
ened wax" was aiuiounced by Bordier in 1773; and afterward more fully, with a specific
recognition of the idea of plasticity in the ice, and of the influence, on the movement, of
friction at bottom and along the sides, by Rendu, in a memoir read before the Academy
of Sciences of Savoy, in 1841. Hugi, in 1827, built a hut on the Aar Glacier to determine
its rate of motion; and found the movement 3391 in three years, and 2354' in nine years.
Guyot made his early observations in 1838, and drew up a paper containing his conclu
sions; but failed to publish it because of his giving the field up to his friend Agassiz. (See
Memoir, U. S. Nat. Acad., 1880 ; Am. Jour. &L, 1880 ; and Smiths. Inst.., 18Sf).) Agassiz
commenced in 1841 his grand series of observations on the Aar Glacier. measuring the
rate of movement in a section across the glacier; and, on July 4, 1842, his first results,
proving the more rapid flow of the middle portion (his 6 poles in the line across having
moved severally 160', 225', 2091, 240', 2101, and 120'), were published in the ('omptes
Renilus. His investigations were continued for several years afterward; and in 1847
appeared his first great work, entitled Systine Glacia ire. Professor Forbes visited
Agassiz at his work on the Aar, in 1841, and in the summer of 1842 undertook an inde
pendent investigation on the Mer tie Glace., near Chanhouni ; and in October of 1842 his
measurements, confirming those of Agassiz, were published. A year afterward, in 1843,
appeared his Travels in the Alps, in which his various careful observations are given
in detail, and the theory of glaciers, on the principle that the ice moves like a viscous
fluid, is fully elucidated. Ills later writings on the subject are contained in a volume
entitled Occasional Papers on the Theory of Glaciers. Later, Tyndall made a further
series of measurements and observations in the Alps, demonstrating the influence of
bends in a glacier, and explaining other glacial phenomena. His views are contained in
The Glaciers of the Alps, 1800, and The Forms of Water, 1872.
3. Rate offlow. - The rate of descent in the mass of a glacier in the Alps
varies from one or two inches a day to over 50; it is about half as much in
winter as in summer. Ten to twenty inches a day in the warm season is most
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common; twelve inches corresponds to 365 feet a
year, or one mile in about
years.
14+
Forbes found for the maximum in July, at his
upper station on the Bois
Glacier, 521 inches a day, and in December 115 inches. In the
large Muir
Glacier, according to U. F. Wright, the average in
August, 1886, was 0 feet
per day; and according to H. F. Reid, in August, 1890, 10 feet.
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The Greenland glaciers are rapid in movement because the outlets from
the great interior mass are so narrow. At Disco
Bay, the Jakobshavn Glacier
moves in summer at middle 65 feet per day, and a fourth of a mile from the
side, nearly 50 feet.
Helland estimated the daily discharge of ice into the
sea, as icebergs, at 432,000,000 cubic feet. Rates of 3570 and 100 feet
per
day have been reported. The rate of 99 feet p
day was observed in
August, 1S8'T, in the fiord east of Upernavik by the Danish Lieutenants,
Ryder and Bloch. In glaciers of so great magnitude friction is reduced to a
minim urn.
In the summer the snow over the ice melts,
sending streams and drippings
down the crevasses and into all accessible cracks in the ice; as far within as
the outside heat penetrates, the many air-cells inside warm up and melt the
ice around them, and the dirt grains and all foreign substances absorb and use
the heat in like manner. Moreover, the glaciers lose much at surface by
evaporation.
4. Intermittent advance. -Tn glaciers the cycle of advance and retreat is
many years in length. The meteorological eoIi(litions favoring maximum
mass of névé, and thereby maximum rate of flow and elongation, are, as

already explained: first, long and wet winters in the névé region, causing an
extension of the névé area, which is that of the only permanent annual con
tributions, and which has great breadth compared with that of the trunk
glacier below; second, short and dry summers, especially below the level of
the névé.
Thus come the largest gain and the smallest loss.

Observation has proved that the cycle of gain and loss is a long one, 20
to 50 years. Forel has reported that in the Alps there have been in this
century five half cycles; 1800 probably to 1S1, enlargement; 1S1S-3(), dimi
nution; 1830-45, enlargement; 1845-7, diminution ; and that from 1875
to 1890 enlargement was beginning in different glaciers.
He observes that
the alternating periods correspond to that of a cold and rainy period, and
that of a warm and dry, as meteorologieally deduced by C. Lang (1886).
5. Capability of how in an ice-mass. - Yielding to gravity in material so

solid as the ice of a glacier, over uneven slopes and along valleys ever-vary
ing in obstacles, is explained on the ground of the following qualities of ice
and glaciers.
(a) The fragility of ice, in consequence of which it breaks
readily and so accommodates itself to obstacles; (b) the dissemination of
much water through the mass of the glacier, which increases the fragility and
approximates the condition to that of a viscid body; (c) the plasticity ff ire,

or the quality of molecular adaptation to conditions of pressure; (d) slip
ping along planes of bedding or stratirulation in the ice; (e) sliding of the
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glacier along the under-glacier surface; (f) a local melting of ice, as a
consequence of the accumulation of pressure, diminishing thereby resistance
and facilitating motion.
(a) Frui1itI of ice. - Reaching a place of steep descent, great transverse
blocks of a glacier (hop in succession. Rounding a projecting angle in a
valley, the ice is conipressed at the side of the short turn, and drawn out on

the opposite side, and in the latter great crevasses are opened.
Forbes men
tions one ehitsiii 500 feet wide extending across the Mer de Glace.
Passing
narrows, the quickened motion causes irregular cross-fractures often in great
numbers.

Flowing along a valley the resistance of the
sides (wy', g', Fig. 213), together with the more rapid flow
at the center, makes crevasses (cc') pointing obliquely ill)

13.

stream at angles of about 45°. The direction of the pull
tending to produce the fractures (or that of greatest ten
'
sion) is oblique toward the center down stream.
Hopkins
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has shown that this pull (pp') is strongest theoretically
when it makes all angle of 45° with the sides of the glacier,
and therefore the crevasses are at 45° with the sides up

I

\.Yy
P

c

C
/

/
stream.
This angle would be modified by the form of the
bottom, and by its pitch.
After being extensively broken up, the glacier, on reaching a broader portion of the valley, of gentler pitch, becomes again solid by a general welding
of the pieces. The welding process, called by Faraday reyel(I(wn, requires
only pressure, and takes place whether the surfaces are moist or dry. (Hunger
ford, 1882.)
If a block of ice is supported at its two ends, and a flue wire

is passed around it at middle and weighted below, the wire will slowly melt
its way through ; but when the cut is completed, the mass will be as solid as
at the outset, regelation having gone forward above the wire. The multi
tudes of fractures imule in a glacier on steel) slopes hence disappear below
where the motion is slow and the ice feels the pressure from above.
(b) Perineafiin water. -As already explained, the summer's heat pro-

duces water over a glacier, and through all its crevasses and smallest crevices,
At night, when the source of heat is with
especially during the daytime.
drawn, there may be much refreezing; but the days in summer are much
longer than the nights. The chief source of time water largely fails in winter,

and hence the difference in time summer and winter rates of movement. The
melting from local pressure is an addition to the amount of water, and just
where needed to meet special resistance. The pressure of one atmosphere
lowers the melting-point of water 0O042° F.
- Tee may be made by pressure to copy a seal, like wax ; or
(c) PlastieTh.
by forcing it through holes to take the form of a cylinder. Kane mentions,
in his Arctic Explorations, the case of a table of ice, eight feet thick and 20
or more wide, supported only at the sides, which, in two months, had the
center depi"essed by gravity five feet. The temperature during the interval
was iiany degrees below 32° F.
Guyot concluded, from the flow of the
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glacier around the two rocky islets in the Brenva Glacier (south of Mont
Blanc), that the movement was by molecular displacement.
(d) Slipping along planes of bedding or straticuiation, or those 01 the blue
bands. -This slipping has been shown to be a fact in several glaciers, by
Fore! (1889); among them, the Bossons Glacier at Chamouni. In the lower
part of a glacier these planes have a dip up stream, and as a consequence
the mass of the glacier above, as it flows along, rises by slipping along one
or more of the planes of lamellar structure.
Mr. Forel observes that the fact explains the difference of velocity

between the upper and lower beds; the little movement at the extremity of
a glacier; the reappearance, at the surface, of bodies buried in the interior
of the glacier; and the preservation of the thickness of the ice at the lower
The cause must
extremity, notwithstanding the annual loss from melting.
have great influence over the direction of crevasses, and in all adjustments
to resistances (1889).
Guyot described (1832) the up-stream dip of the
the
termination
of a glacier, and attributed to it the origin
stratification at

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

of the caverns.

(e) Sliding along the bottom of the valley. -By the preceding methods, the
ice might move by yieldings and adaptations to surfaces, and not necessarily
move on the surface beneath so as to abrade it. But the amount of abrasion
in glaciated regions shows that these means of yielding and adaptation only
help toward an actual flow or sliding of the material along its valley in

river-like style.
(f) Movement through the dilatation offreezing in the permeating water of a
glacier. -This cause of movement was appealed to by Agassiz, and has been
sustained by others. It has taken a new form through Forel, who has sug
gested that movement may he produced by the freezing of water between the
at night, accord
large crystalline grains constituting the glacier. Freezing
ing to the view, by expanding the mass, would force the glacier forward.
The fact that the grains are so much larger in the lower than in the upper
but this is far from conclusive.
part of the glacier is supposed to favor it;
Forel proposes to give the subject further investigation.

With regard to the motion of glaciers, Canon Moseley, after experimenting on the
alone, pre
shearing force of pure ice, and making it too great to be overcome by gravity
a
surface,
descends
sloping
through
sented a view that glaciers descend as a plate of lead
alternate changes of temperature, the movement from expansion by heat being mainly
downward because of gravity, and contraction working the same way. To this theory
the obvious objection holds, as has been observed, that glaciers do not undergo the needed
change of temperature.
Professor Croll, in his Climate and Time (and in earlier memoirs) accepts Moseley's
to
deduction as to the shearing force of ice, and brings forward a molecular theory
"
the
heat
to
one
We
find
that
applied
account for the motion of glaciers. lie says:
side";
and
the
on
explains this,
thermal
opposite
of
ice
will
affect
the
pile
side of a piece
from mole
not by radiation through the ice, but on time view that the heat applied passes
of
the
conveyed
by A to
heat-energy
cule to molecule through the mass; the transmission
is
the
source
the
ice.
Gravitation
B melts B, but crystallizes A, and so it goes on through
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of motion ; the expansion of the crystallizing molecule aids it; and the shearing force is
lost by the molecular melting. But it seems to be hardly probable that a glacier, hun.
dreds of feet thick, could be thus urged forward. Any crevasse or crack would intercept
the molecular transmission; and the cause would hardly have a chance to act in a
crevassed glacier like the Mer tie G lace. Professor Croll, however, explained the forma
tion of crevasses on the same principle.
Avalanches, like other kinds of landslides, do rapid denuding work over
the slopes they descend, ice, water, mud, and stones hurrying on together,
each in deluge-like form, with destructive effects. The noted avalanche of
the 12th of July, 1892, at St. Gervais, in Switzerland, was more a discharge

"of water than of ice and mud. The water occupied two great cavities or
reservoirs in the ice and was the occasion of the disaster. The cavities had
been made by gradual melting.
The movement of glaciers, although so slow, may be illustrated by com
parison with that of pitch. Pitch will not only descend all slopes, but will
flow over a horizontal surface if the supply of material is kept up; and
in case the area is a depression, it will fill the depression, and then flow on
So it is with the glacier. If there is a deep basin in a glacier
beyond it.
the
valley,
glacier will move on over the ice-filled basin as if it were not
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there.

While the mass of a glacier is flowing in accordance with the surface
slope, a lower portion lying in a channel oblique to the course will take, if
friction does not prevent, the course of the channel, for the reason that it
cannot get out of the channel or valley to flow otherwise.
(The principle is

Thus in the same part of the glacier an
easily verified by means of pitch.)
upper portion may have a different course from the lower in spite of the
resistance to be overcome.
3. Denudation, Transportation, and Deposition.
The weight of the glacier makes it a tool of great power. The pressure
for 100 feet of ice in height is about 40 pounds to the square inch, and for
1250 feet, 500 pounds.
A glacier obtains its material for transportation both (1) passively, and

(2) aggressively, through its power of denudation.
In a passive way (a) it receives from overhanging bluffs and adjoining
ridges a great amount of earth, stones, and rocks, which the frost, waters,
and other causes may have loosened; and where the glacier extends down
far below regions of vegetation, it may have contributions of vegetable debris

and animal relics.
(c) Freezing in the
(b) The winds contribute dust.
colder season or in the advance of a glacier may add gravel and stones that
lie along its side or underneath it, a method of acquisition which has its
maximum in an avalanche.
(d) The materials received may descend opened
crevasses, either by falling down, or by being carried in descending waters.
Aggressively, the glacier augments its load (a) by abrasion, carried on
by means of the stones with which its sides are armed, or those that may lie
between the glacier and the rock against which it moves; it thus occasions
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the undermining of bluffs, and consequently large falls of rock and other
debris.
(b) It works with greater results through impact or forward thrust
of its bottom, sides, and front; for it thus tears off angular stones, slate, and
great rocks, from rifted, laminated, and jointed terranes that are alongside
or extend up in ledges into the glacier, and takes them into its mass; it also
plows into weakly consolidated deposits, such as fragile sandstones, and
gathers other supplies, though not able deeply to abrade the harder rocks
and in its movement up the under-glacier slope of a ridge or peak, it bears
along stones and other materials from low levels to high.
(e) Further, it
works by corrosion, in its ever-shifting and crevassing movements, grinding

stone against stone or grain against grain, rounding angles and making the
finest of earth called rock-flour, which may become clayey by partial decom
position of the feldspar present.
The material gathered by the ice is called moraine material. The larger
part in ordinary glaciers lies along or near the borders and constitutes the
lateral moraine; that occurring along the bottom, in the glacier and that
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pushed along by it, is the ground moraine; and the deposit accumulated
at the extremity of the glacier, the melting place, is the terminal moraine.
The moraine material thus deposited is not stratified; but it has a linear
order; for it lies in lines which point upward to the summits from which its

materials were gathered. The terminal moraine is a low ridge, belt, or
mound of stones and earth transverse to the valley. Agassiz observes (1840)
that on the retreat of a glacier, a new moraine may form each year. He also
mentions the fact that the stones over the surface of a glacier outside of the

lateral moraine gradually move obliquely toward the latter, owing to the
greater velocity at the center.
When two glaciers yin, the lateral moraines of the two uniting sides
become one medial moraine. The ii umber of moraines on a glacier, therefore,
An
can never exceed the number of coalesced glaciers by more than one.
isolated peak rising above a glacier will send off its stones and earth all in a

single line or moraine. In the view of the Garner Glacier on page 237, the
nearest moraine is that of the Riffelliorn; the second is a union of moraines
of the Görnerhorn and Porte Blanche; the third, a union of two moraines
from two Monte Rosa glaciers; the fourth, the great moraine of the Breithorn,
the summit in the middle of the view. Other moraines may be seen in the
distant part of the glacier. Fig. 209 shows the moraines of the Mer de

Glace and of the glaciers above it.
The transported masses of rock sometimes have great magnitude. One
In the lower part of
among those of the Alps contained 200,000 cubic feet.
the Glacier of the Aar, after the junction of the great glaciers of the Fins
teraar and Lauteraar, the medial moraine is 100 to 250 yards wide and has a
of the ice either side.
height of 100 to 140 feet above the general surface
The wasting of the ice of a glacier by melting often leaves the broader stones
in Figs. 158, 159), the
perched up on ice-columns (like the perched stones
stones having protected the ice beneath it from the sun.
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A remarkable example of the earrying III Stt)IICS up an under-glacier slope is afforded
''
by the region of I lie ' S iiataks
if t reeiILLIId (map, page 241 ,. The dotted belts on the
utv )
following figure (in', in'',
repre-sent
belts f moraine made b this process ;
214.
and I he nun:utaks ,, 1:. 1, k, 1. in. are enierg
jug peaks of the covered ridges. file Intiraifle
c
rn''' was made by a s Ititierged peak. The
stones are nut like those from (he nunataks.
They cattle up from varying depths in the
ice. Suuiw of t twin are 20 feet across. 'l'he
/
stones of the it tuta utk moraines disappear
'I
in
down crevasses after 200 to ..O0
yards of
sunlit travel, or bury themselves in the ice.
\.,
In a similar way, where a glacier crosses
marine channels, shells gathered into the
j'
' 0
let' might be carried along to tile tops of
the elevations over the land ; or possibly,
k
loose sea-border material beneath might be
pushed up by the glacier.
,'n'
0
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The abrasion carried on by the
stones in the sides of the glacier
planes off, polishes, grooves, and often

profoundly channels, the rocks either
side or below, and these scorings
are evidence of the (i,e'ee(wn of moveineut.
An example of the grooves or

,,

NUDatakS, or loIaIed peaks, g, h. i, 17, 1, M, Situated
like islands in the Greenland Ice. Jensen.

scratches is represented in Fig. 215. Crossing lines. v1mi1t are not unfre
quen tly observed, are produced wi ie mm glaciers spread widely over a broad
region, and, owing to change in time thickness of the ice or some other cause,
there is a change of direction in the movement.
215.

Glacier grooving@ or scratches.
Moreover, the. stones or rock-masses that (10 this work of abrasion become
smoothed and scratched or grooved ; itu1 thereby may show their glacier
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origin.
Subsequent abrasion by a sub-glacial or glacier-fed stream may, how
ever, remove the scratches from the stones.
The ledges underneath, or
especially their harder portions, are often made, by glacial abrasion, into
rounded, grooved knolls, called sheep-back (roclies mouton n ées) in allusion
to their forms. They are a prominent feature of all glacial
regions; and
those of the Glacial period, when they were formed over a vast extent of
country, are sometimes preserved to the present time in great perfection.
The view (Fig. 216), from a photograph obtained
by the Hayden expedition
in 1873, represents a portion of a great crouching flock of them,
extending
216.

_10
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I..

View on Roche-Moutonn*e Creek, a tributary of Eagle River, Colorado.
for 2001) feet along a valley leading down froni the " Mountain of the. Holy
Cross," one of the prominent summits, 12,4S feet high, in the mountains
of Colorado.
A glacier, too, may have wuter-falls in. eiei'oses (and sometimes in well
like shafts, formed in crevasses), which not only carry down moraine material,

but excavate the rocks underneath. They may tints make broad basins or
channels in the rocks as the glacier moves on its way ; but without stopping
''
its march for a few centuries the fall cannot bore out a '' pot-hole
like the
pot-holes of river origin; for these require a stationary tool, they being onliarl
as well-centered as if bore(l 1)3r a revolving bit.
nily
Deposition from the glacier takes place through the melting of the ke, as

in the making of the deposit of terminal moraine, above explained. Deposits
are also made through crevasses, and the waters of any super-glacier rivers
or lakes may add to the contributions. The descending waters carry clown
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the rock-flour, which often makes the water discharged by under-glacier
streams look milky. The coarser earth within the glacier is added to the
bottom deposits, making thereby the unstratified mixture of earth, stones,
and clayey rock-flour, which is called bowider-clay or till.
The retreats of a glacier, during which depositions of a large amount of
moraine material take place, afford an opportunity for the growth of
plants,
and sometimes even forests, over the deserted moraines, and for the
spread
ing out of stratified gravel and earth by the sub-glacial river and other
means, so that, whenever the advance takes place, stumps, trunks of trees,
and stratified beds become againunder the ice and new deposits of bowlder
clay are made. The Muir Glacier, according to Wright and others, affords
remarkable examples of such intercalations of dismantled forests and
gravel
beds, and Russell's account and map of the St. Elias Glacier
(page 238)
illustrate the process.
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4.

Denudation and Transportation by Glacier-made Rivers.

The greater part of the excavation of valleys carried on in glacier
regions
is due to the glacier-made rivers.
swell
the
summer
They
by
melting, and
become violent, plunging torrents, and thus produce great and
rapid work,
while the glacier is slowly creeping along, and as
they bear the material
down stream, it becomes deposited and stratified like other fluvial
deposits.
Violent effects come from the damming of streams
by the snow and ice of
Alpine valleys; for in no other way can barriers be thrown so readily across
profound valleys. The deluges caused by the accumulated waters, when they
break loose, are often very destructive. The Alps are full of examples.

Again, the valleys are sometimes dammed up by great moraines, making
lakes; and such lakes sometimes break through their harriers, and flood the
The lakes of the glacier's surface may
valley below with tearing waters.

add suddenly to the sub-glacial waters, and produce great destruction and
widespread stratified deposits.
The amount of rock-flour and coarser sediment discharged daily by the
Aar Glacier in August has been estimated to be 280 tons; from the Justedal
Glacier, in Norway, in July, about 3 times as much; from some Greenland
glaciers, varying up to Th times as much as the Aar.
ICEBERGS.
A glacier on a seacoast often stretches out its icy foot into the ocean;
and, when this part is finally broken off, by the movement of the sea or
otherwise, it becomes an iceberg. The break takes place usually in the
fords, where the glaciers extend out into the deep water and are largely
submerged. The icebergs carry away the stones and earth which the glacier
may have gathered, and transport them often to distant regions, whither they
are borne by the polar oceanic currents. Most of those of Greenland, how-
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ever, as Heliand states, are clean, but "now and then one is seen with
bowiders upon it; and here and there small bergs that are quite covered
with stones and gravel" (1877).
Dr. Kane, describing the great pack of icebergs that occupies the center
of Baffin Bay, mentions that some were 300 feet high, and large numbers
over 200 feet; 280 of the first magnitude (the most of them over 250 feet)

were in sight at one time. Taking the specific gravity of iceberg-ice at 0886
In the
(Helland), one ninth of the mass by weight is out of water.
Antarctic, the long ice-barrier observed by Captain Wilkes had a height
above the sea of 150 to 200 feet; and some of the bergs were 300 feet high.
(1) Icebergs are a means of transporting stones and earth from one
region to another; and those of Greenland make their farthest deposits in
the Atlantic about the banks of Newfoundland, or between the meridians of
of 440 and 52° and north of the parallel of 40° 30'.

(2) When grounded on rocks, they may scratch the surface; but closely
crowded and regular scratches, like those of glaciers, over large areas cannot
be made. An iceberg "rocked by the swell of the sea, and sometimes turn
ing over," could not be good at scoring submerged rocks. Moreover, rocks
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over the sea-bottom where icebergs drop their freight of stones would seldom
be uncovered.
The following are important works and memoirs on existing glaciers: -

H. B. DE SAUSSURE: Voyage dans ies Alpes, 4 vols., 1779-1796.
AGASSIZ: Etudes sur les Glaciers, Svo, Neuchatel, 1840. - Système Giaciaire, Nonvelles Etudes et Experiences sur les Glaciers Actuels, 8vo, with an Atlas of 3 maps and 9
plates, Paris, 1847.
J. D CRARPENTIER: Essai sur les Glaciers et sur le Terrain Erratique du Bassin du
Rhone, 8vo, Lausanne, 1841.
J. D. FORBES: Travels in the Alps of Savoy, etc., 8vo, Edinburgh, 1843. - Occasional
Papers on the Theory of Glaciers, 8vo, Edinburgh, 1859.
J. TYNDALL: The Glaciers of the Alps, 8vo, London (and Boston), 1861.- The
Forms of Water (in Appleton's International Series), 8vo, New York, 1872.
A. HElM: Handbuch der Gletscherkunde, Stuttgart., 1885.
N. S. SBALER and WILLIAM M. D,tvis : illust ratio us of the Earth's Sn:face; Glaciers,
a quarto volume containing 196 pages of text, with 25 fine plates mostly from photographs, 1881.
The following relate to existing glaciers of the Pacific Coast of North America:
Mount
Rainier
Coast-on
DAVIDSON, on the first discovery of glaciers on the Pacific
iv. 161, 1871, and Am. Jour. Sc., III.,
(Tacoma), Mount Baker: Proc. Acad. California,
iv. 156, 1872.
hood,
CLARENcE KING: "Glaciers of the Pacific Coast" (on Mount Shasta, Mount
"
4001
Parallel,"
Report
Mount Rainier, etc.), Am. Jour. Sc., III., i. 157, 1871, and
vol. i. 462, 1878.
JOHN MUIR: " Glaciers in California" (Sierra Nevada), Overland Monthly,
December, 1872.
notice of existing),
JOSEPH LE CONTE: "Ancient Glaciers of the Sierra Nevada" (with
Am. Jour. Sc., III., v. 325, x. 156, xviii. 43, 44.
G. F. WRIGhT: The Ice Age in North America, 1889, 1891.
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I. C. RUSSELL: Existing Glaciers in the United States, 5th Rep. U. S. G. S. ; " Mount
St. Elias Glaciers," Nat. Geograph. Mati., iii., 1891, and Amer. Jour. Sc., 1892.
IT. P. CuslilNo : Notes on the Muir Glacier region, American Geologist, viii. 207, 1891.
H. F. REID: "Studies of Muir Glacier, Alaska," Alit. Geograph. Mag., iv. 19, 1892.
V. HEAT.
The

sources and effects of heat come here under consideration. The
effects are those connected with the making and modifying of the earth's
rocks, strata, and life, exclusive of the more comprehensive changes result
ing from the earth's gradual refrigeration. They include (a) expansion and
contraction ; (b) fusion, solidification, and attending igneous phenomena;
(c) metamorphism and vein-making, besides chemical compositions, decom
After some observations oil (I.) the Sources of
positions, and other effects.
Heat, these subjects are considered under the following heads : (II.) Expan
sion and Contraction; (Ill.) Igneous Action and Results; (IV.) Metamor
phism; (\T) Veins.
The effects here referred to are mostly due to heat above the ordinary
temperature. But some geological changes of the widest influence have
been carried forward by simple changes in climate. Hence all sources of
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change in temperature, however slight, have a geological interest.

I. SOURCES OF HEAT AND THEIR DIRECT CLIMATAL EFFECTS.
THE SUN AS A SOURCE OF HEAT.
It has been stated that the heat which the earth receives from the sun's
rays gives it a temperature 3000 F. above that which it would have in cold
The annual amount is constant through all orbital changes,
sunless space.
but its distribution through the year varies with these changes.

1. Changes connected with the seasons. -The sun, owing to the obliquity
between the earth's equatorial plane (at right angles to the axis of rotation)
and the plane of the ecliptic (or that of its orbit) gives more light and heat
for about six months, between the vernal and autumnal equinoxes, to the
northern hemisphere than to the southern, making thereby a northern
summer with a southern winter; and the reverse for the other six months.
The difference in the heat received is in the ratio of 5 per cent for the
summer interval between the equinoxes to 3 for the winter interval.

Further, the time of the equinoxes, or that of the sun's crossing of the
equator, northward and southward, is slowly changing backward in the series
of months, and in less than six centuries the vernal equinox, now on March
21, will be in the month of February; thus the summer months after a while
will become those of the winter. The rate of the precession of the equi
noxes is about 501 seconds a year, or a degree in about 716 years, which
and a complete revolution in
corresponds nearly to a mouth in 2158 years,
25,868 years.
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2. Changes in the time of the perihelion and aphelion. -The earth is now in
aphelion during the northern summer and southern winter. With aphelion
in winter, the winters are colder and the summers are warmer than with
perihelion in winter. The position of the major axis of the earth's orbit

(the extremities of which are the aphelion and perihelion points) is chang
ing, and a complete revolution takes 110,000 years; and since this change is
in the opposite direction from that of the precession of the equinoxes, above
stated, the cycle qf the seasons is shortened from 25,868 years to about
21,000 years; for, supposing the perihelion and either equinox to coincide,
and then the precession to move in its direction and the perihelion in the
opposite, at their respective rates, they would again be in conjunction, in
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Hence, every 10,500 years,
consequence of these rates, in 21,000 years.
the seasons become reversed, that is, the months of winter become the
summer months. Another consequence of this aphelion cycle is, that

the winter and summer intervals between the equinoxes vary in relative
lengths, the aphelion side being the longer. At the present time the aphel
ion conies in summer, and. the summer interval is (her fire seven days longer
than the winter interval.
3. Changes in the eccentricity of the earth's orbit. - Time earth's ellip
tical orbit varies slowly in eccentricity, - that is, in the length of its major
axis, - making the aphelion distance greater and the perihelion less, but not
varying the mean distance or the amount of heat received annually by the
earth from the sun. Maxima in the eccentricity occur once in 100,000 to
200,000 years. One maximum was passed, according to calculated results,
about 110,000 years since; another (higher), about 210,000 years since; the
next anterior (like the latter in height), about 750,000 years; and a maxi
mum of extreme eccentricity, 850,000 years since.
(Stockwell, 1868.)
miles,
the
the
sun's
mean
distance
92,400,000
With
present aphelion dis
tance is about 93,950,000 miles, and the perihelion, 90,850,000 miles, and
the eccentricity, 00168. But at the time of extreme inaxiinuni eccentricity
(= 0075 nearly), referred to above, the aphelion distance would be about
99,300,000 miles, and the perihelion 85,500,000, making the sun 13 millions

of miles nearer the earth in summer than in winter.
Owing to the increasing eccentricity there is an increasing difference in
the length of the winter interval as compared with time summer interval;
and at an extreme maximum it is 33 days longer than the summer interval.
As the amount of heat which the earth receives varies inversely as the
diminishes the amount
square of the sun's distance, increasing eccentricity
on the aphelion side and increases it on the other; and if aphelion comes in
winter, the winter cold is greatly augmented, besides continuing longer.
The summers, on the contrary, would be proportionally hotter, but, in the
same proportion, shorter. With aphelion in summer, the winters would be
Herschel first drew attention to this
relatively mild and the summers cool.
effect of extreme eccentricity (1858), and Croll used the facts in his Cli
mare and Time (1875) to account for the occurrence of glacial periods in
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the earth's history, though not making it the sole cause of
glacial conditions,
or holding that such coI1(litioIls Would
necessarily ensue. The heat received
(luring the summer and winter intervals being as 5 to 3, and the winter inter
val 199 (lays long in an extreme case, the severe and
prolonged cold of the
winters might, othcr things favoring, accumulate more snow than the short
summers could melt. This theory makes the Glacial period of the northern
hemisphere follow or precede that of the southern by 10,,0() years; that is, by
half of a revolution of the seasons (21,000 years).
Moreover, the condition
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of maximum eccentricity is so slow in passing that,
according to this theory,
two or more glacial periods might occur in the course of one maximum.

This subject and Crofl's theory have been ably discussed in a volume of 180
pages,
entitled The Cause t1 an lee-Aye, by the Astronomer Royal of Ireland, Sir Robert Ball,
1891. 'l'he conclusion is reached that the conditions of a period of maximum
eccentricity
are fully adequate to cause glacial periods in geological history. See also a notice of the
work by G. II. Darwin in Nature for .January 28, 1892.
Geology has no evidence. in favor of the idea that the latest of Glacial periods occurred
in the southern hemisphere 10,500 years after, or before, the northern, and it has prob
able evidence that the time of the Glacial period was not over 10,000 years since, and
therefore not nearly as far back as the maximum of 210,000 years since, or that of
100,000. Further, it has discovered no satisfactory traces of a second Glacial period,
corresponding to the extreme maximum 850,000 years since; for it has good proof that none
occurred between the Glacial period and the epoch closing the Cretaceous period, some
millions of years since. It is admitted, however, that the calculation of the time to the
extreme maximum (850,000 years) is not wholly trustworthy.
4. Progressing diminution in the sun's heat. - Since the sun has been
radiating heat through all past ages, the earth must receive less heat now
than in Archan time; and the greater heat of the early geological ages may
have this as a chief cause.
5. Changes in the condition of the suit's surfiwe. -The changes from

maximum to minimum in the spots on the sun's surface have a cycle of
about 11 years, time minimum occurring in the year 1 of the century, and
the year 1889 being therefore at the minimum. How far this cycle is one of
changing temperature to the earth is not known. Other cyclical changes are
possible, and are conveniently assumed at times, though not proved.
6. Changes in the position of the earth's axis of rotation. - Mathematical
investigations by Lord Kelvin (Sir William Thomson), S. Haughton, G. H.
Darwin, and others, have shown this hypothesis to be of no geological value.
Darwin has demonstrated that a displacement of time pole of merely 1° 46'
would require that a twentieth of the whole earth's surface should be
elevated to a height of 10,000 feet, with a corresponding subsidence in
another quadrant; and for one of 30 17', that double the surface should have
Kelvin concludes from his discussion of the
undergone these great changes.
those
subject that "there is no evidence in geological climate throughout
parts of the world which geological investigation has reached to give any
indication of the poles having been anywhere but where they are, at any
period of geological time."
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7. Variations in the density of the earth's atmosphere. -The atmosphere
absorbs and retains heat, and the amount absorbed increases with its
density. In early geological time, the earth's atmosphere contained much
more carbonic acid and moisture than now, and hence it would have

absorbed more of the sun's rays as they passed through it. It has been
shown by Tyndall that the absorptive power of carbonic acid, under ordinary
atmospheric pressure, is 90 times greater than that of the atmosphere, and
that of moisture 30 to 70 times greater for non-luminous heat. Their
presence in the atmosphere would hence have greatly increased its power to
absorb and retain about the earth the sun's heat.
"They would produce
little reduction in the amount of luminous sun-heat received, and, would be
a formidable obstacle to non-luminous heat escaping by radiation from the
earth's surface into the cold of star-space" (Haughton, 1880).
The earth's lower plains are warmer than its elevated regions, because of
the greater density of the air. The lowest places should thus have the
warmest climate; and accordingly the basin of the Dead Sea, 1308 feet below
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the sea level, has the heat of the torrid zone.
8. Variations in oceanic currents. - The effect of the Atlantic tropical
current on the Arctic and north Atlantic climates has been elucidated by the
calculations of Mr. James Croll. His conclusion, based on the amount of

water that passes the Florida Strait (nearly agreeing with the latest esti
mate), and the temperature of the water, is, that the amount of heat con
stream
veyed from the equatorial regions northward in the Atlantic by this
is equivalent to 77.4'T9,650,000,000,000,000 foot-pounds of energy per day,
which is equal to all the heat received by 1,560,935 square miles at the
all the aerial currents; and
equator, and more heat than is conveyed by
that the stoppage or diversion of the current would diminish to this extent

the heat of the Arctic seas and north Atlantic.
It has been supposed that the diversion of the Gulf Stream from the
north Atlantic may have taken place through the sinking of the region of
the Isthmus of Darien; but there is no sufficient evidence that such a diver
sion has happened since Mesozoic time. A more reasonable hypothesis is
that it may have been accomplished by a raising of the sea-bottom nearly
to the surface between Scandinavia, Great Britain, Iceland, and Greenland,
where the depth now is mostly less than 100 fathoms and nowhere exceeds
The effect of such a
1000, and along one tract is not over 500 fathoms.
north Atlantic barrier would be to confine the Atlantic tropical current to
the north Atlantic, and thereby to increase the temperature and amount
It would reduce the northern part of the
of evaporation of that ocean.
stream to the southeast branch, and might diminish its volume; but, in
view of the form of the south Atlantic depression and its position with

reference to the north Atlantic, the warm stream could not fail to continue
its flow.
have had its climate moderated
Again, the Arctic region may formerly
current, through a submergence about
by receiving the Pacific tropical
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Bering Strait- now only 150 feet deep; and if so, this current, upon the
opening of the deep passage for discharge northward, would have been aug
mented in its size and its heating influence.

THE EARTH'S INTERIOR AS A SOURCE OF HEAT.
Diminution in the heat reaching the su,face from the earth's interior. -The
proofs of the existence of a source of heat within the earth are the fol
lowing: -
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1. Borings for Artesian wells and shafts in mines have afforded a means
of taking the temperature of the earth at different
It has thus
depths.
been found that, after passing the limit of surface action, the heat increases
downward, but at a varying rate. The common rate within 4000 feet of

the surface is 55 to 60 feet for 1° F., or the mean 571 feet; or in
geother
mometric language, 57-. feet corresponds to 1 geothermic
At
degree.
Speren
berg, near Berlin, large variations were obtained in a well 4172 feet deep; but
it went down through a stratum of salt, excepting the
upper 300 feet; at
bottom, the temperature was 1186° F.
At the Artesian well of Grenelle, Paris, a temperature of 85° F. was
obtained at 2000 feet, equivalent to 1° F. for every 60 feet. In Westphalia,
at Neusalzwerk, in a well 2200 feet deep, the temperature at the bottom was
91° F., or 1° F. for 50 feet of descent. At Yakutsk, Siberia, Magnus found

a gain of 15° F. in descending 407 feet, equal to 10 F. for 27 feet. In Algiers,
an increase of 1° in 42 feet has been observed; and in the Sahara 1° in 32
feet. In Great Britain the mean is 10 F. for 51- feet.
At Schiadenbach, in Prussia, at a depth of 5735 feet, the
temperature
134° F. was obtained; and at Pesth, Hungary, at 3120 feet a boring supplied

daily, 176,000 gallons of water at 158° F. The municipality were carrying it
down in order to reach 176° F. (80° C.) for the brewers.
A boring at Wheeling, W. Va., to a depth of 4500 feet (in 1892), 3700
feet below the sea level, through nearly horizontal rocks, shows a mean rate
of increase for the upper half of 1° F. for 80 feet, and in the lower half of 10
F. for 60 feet.
For great depths the ratio is not an arithmetical one, because

of the greater conductivity of the earth below (owing to greater density)
and the augmented pressure. But nothing is yet known as to the rate of
increase downward, or the number of feet to a geothermic degree.
Doubts with regard to the observations on the increase of heat downward
in borings, and in shafts in mines, come from the facts that chemical action,

and, prominently, the oxidation of pyrite and other sulphides, is a source of
heat; and this has always to be considered in such investigations. Besides,
local sources of subterranean heat may exist. At the Comstock lode, in
Nevada., the temperature of the mine in some parts, at a depth of 1800 to
2000 feet, is 130° to 1570 F., and, when mining was there in progress, over 30
tons of ice per day were expended in keeping the air cool enough for the
DANA'S MANUAL- 17
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endurance of the miners. The heat in this case was of local origin, as the
region is one of former igneous eruptions.
2. The wide distribution of volcanoes over the globe affords evidence of
internal heat. Moreover, the ejection of melted rock through fissures has
taken place over all the continents; in Nova Scotia, Canada, New England,
New Jersey, and the states south, the region of Lake Superior, the Rocky
Mountains, and western America; in Ireland, Scotland, and various parts
of Europe; and so over much of the. globe. Such facts favor the idea of an
internal source of heat. The heat of the earth's interior has reached toward
or to the surface for geological work in three ways.
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(a) By conduction outward attending the earth's cooling. -The amount
thus received at the surface may have been sufficient to modify somewhat
the temperature of the oceans, and the earth's climates, during early geo
At present it is inappreciable; and yet, according to Kelvin,
logical time.

the amount of heat now lost by the earth, as a consequence of cooling, is such
as would melt annually a complete covering of ice OOO8 millimeter thick, to
water at 32° F., or bring 777 cubic miles of ice to the same state.
(b) By fractures of the crust, and the escape of melted rock or hot vapors.
- It fol
(c) By an accumulation of sedimentary deposits over large regions.
lows from the conditions of a globe having an internal source of heat, that
in other
equal temperatures will exist, as a general thing, at equal depths;
words, that isothermal planes, or more precisely, iso geothermal, will be par
allel to the surface; and that they will even bend upward to correspond with
the general curve of the broader mountain regions, and downward beneath
the oceanic depressions. Consequently, the isogeothermal planes will rise a
thousand feet for every thousand feet in depth of deposits spread out over
a wide area; and, as urged by Babbage, solidification, crystallization, and
other chemical changes may thus be occasioned in the inferior beds, provided
the accumulation reaches a depth adequate to raise upward the requisite
amount of heat.
wide areas, as is done in the
Again, the removal of rock-material from
slow processes of erosion, will tend to produce an equivalent depression of
the isogeothermal planes.
CHEMICAL A

PHYSICAL CHANGES AND MECHANICAL ACTION AS
SOURCES OF HEAT.

as in
Heat is evolved by chemical changes in which there is condensation,
and in oxidation, etc. It
liquids becoming solids, or gases becoming liquids,
or vegetable or
is often an effect of the natural decomposition of minerals,
of the most com
animal matter. The oxidation of sulphides, and especially
mines, and
mon of them, pyrite and marcasite, is a source of heat in many
from
vapor,
In the formation of a pound of water
for many warm springs.
of
cast
iron.
heat enough is given out, says Tyndall, to melt five pounds
The heat of lightning has also its effects among geological phenomena.
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Electric. eurreiits have long been suspected of various results of other kinds,
but little has yet been directly traced to their action, except such as come
under the general head of chemical effects.
Under examples of mechanical action, there are the beating of waves on
a coast, the falling of water in cascades or rain, the shakings of
earthquakes,
the sliding of rocks, the motion of the atmosphere in winds, each of which
produces heat whenever the action meets with resistance, on the principle
that motion corresponds to an amount of heat, or that heat is transformed
motion. The heat thus resulting is, however, of little geological importance.
But the friction attending uplifting, plicating, shoving along fractures, and

crushing of rocks has often been an efficient and wide-reaching source of
heat and of geological work. These shovings have flexed strata many thou
sands of feet in thickness, made displacements along fractures of 10,000 to
20,000 feet, and worked in this way over areas more than 1000 miles long
and some hundreds in width. The amount of heat developed has therefore
been enormous; but how far available for geological changes would depend
in part on the rate at which such work went forward. It has been sufficient,
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beyond question, for a large amount of consolidations, and for recrystalliza
tions or metamorphism on a large scale, and it has probably been sufficient
for much fusion of rocks in the earth's interior wherever the temperature was
on the margin of fusion.
Mallet concluded, from his calculations, that 7200 cubic miles of crushed rock would
cause heat enough to make all the volcanic mountains of the globe; and that, since the
ejections of volcanoes have been going forward through a very long period, the action
would require but an infinitesimal amount of annual crushing- not over 0600 of a cubic
mile. (Trans. Roy. Soc., 1872.) But his theory is accepted only in a general way.
II. EXPANSION AND CONTRACTION.
1. Amount of expansion. -The amount of expansion of rocks is mostly
between 1 and 10 millionths for 1° F.; and one millionth corresponds to 12
thousandths of an inch for 100 feet. Colonel rfottefl, in experiments, made
in 18:30 to 1833, on effects of change of temperature, found that an inch of

fine-grained granite expands for 1° F., 0000004825; an inch of the granular
limestone of Sing Sing, N.Y., 0000005668; of red sandstone, from Portland,
Conn., 0000009632. Adie (Trans. R.. Soc., Edinburgh, xiii., and Q. J. G. Soc.,
1847) found for the expansion of gray Aberdeen granite for 10 F.. oOO(HJ043S

for white marble of Sicily, 000000613. 1faff found for the expansion be
tween the ordinary temperature and red heat (about 1Th0° F.) of granite
from the Fichtelgebirge, 00168; for porphyry from the Tyrol, 0012T; and.
for basalt of Auvergne, 00120.
2. Effects of changes in. temperature due to the sun, or the climate. - (a) The
sun is producing somewhere, at all times, alternations of temperature, and
the same effect comes from changes
thereby change of size and position ; and
The cause is universal in its action.
of temperature, whatever the source.
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With the progress of the sun during a sunny day Bunker Hill Monument, a
hollow obelisk, 221 feet high and 30 feet square at base (made of granite
blocks), swings to one side and the other, a pendulum suspended from the
center of the top describing an irregular ellipse nearly half an. inch in its
greatest diameter (Horsford). Such a cause, working day after day about
rocky peaks and precipices, causing each day some displacement, must end

in degradations of geological importance.
(b) Expansion works with special facility if blocks rest on an inclined surface, even when the inclination is very small. It extends the mass down
the slope, -the direction of easiest movement, - and contraction pulls the
mass to the expansion line for the same reason; and thus masses slide on
till they fall over precipices, or off cliffs into the sea. Even the loose stones
or blocks of a talus are kept on a downward move by the same means. The
action of frost has already been mentioned (page 231) as another one of the

causes of a slipping movement in rocks and soil.
(c) Expansion and contraction also cause grains and thin portions of the
exterior of rocks to peel off or crack away from the part below. It hence
may open fractures and so give access to air and moisture for other destruc
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tive work.

Further: terranes of granite, granitoid gneiss, syenyte, and other mas
sive rocks, as in the domes about the Yosemite in California, are often divided
into parallel concentric or horizontal layers a foot to a yard and more thick;
and vertical joints at irregular intervals also are made. J. D. Whitney
states that the dome-like shapes of the Yosemite summits are thus made; for
"the curves are arranged strictly with reference to the surface of the masses"
(1865). These effects have been attributed to contraction attending the
original cooling;
sonal cooling.

but also to the elimatal

heat through daily and sea

On some of the Thimble Islands, off the shores of Stony Creek, Conn., the walls of
granitoid gneiss facing the water are peeling off in Iarnine a third to a half inch thick,
without any apparent decomposition, or even a dimming of the luster of the feldspar or
mica; and it may be owing to the heat of the day's sun, and the chilling by the waters
when the tide is in. In the same region the slipping of great masses of rocks from the
islands into the salt water is well exemplified.
Over the rocky surface of countries within the glacial latitudes of the Glacial period,
the scratches left by the glacier are generally, when first uncovered, as fresh as when they
were made. But, if the surface be open to the sun's heat and light, and to the rains and
frosts, for a score of years, far the larger part of the markings disappear; and alternate
heating and cooling is an important means of this obliteration.
(d) By drying, the sun's heat produces cracks, the lightest cases of which
are mud-cracks (page 94).
Such cracks in mud or earth, and therefore in
rocks, are shallow, and by this means they may be distinguished from cracks

or fissures made by other means.
3. Effects of heat from interior sources. - From Totten's experiments as
data, Lyell has calculated that a mass of sandstone a mile thick, raised in
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temperature 2000 F., would have its upper surface elevated 10 feet; and that
a portion of the earth's crust 50 miles thick, raised 6000 F. to 800°
F., might
become elevated 1000 to 1500 feet. Cooling would tend to reverse the result.

(a) contraction from cooling in case of fusion generally produces fractures
at right angles to the cooling surfaces; and in this
way, "basaltic" columns
have been produced.
Besides such transverse fractures, there frequently
exist longitudinal fractures along the middle or sides of dikes due to transverse contraction; and transverse fractures of
columns are very common.
217.
One of the most noted localities of "basaltic
columns" is that of the Giant's
Causeway on
the northern coast of Ireland. The columns
217) are divided transversely and have
usually the upper surface of each section
slightly concave. In the columnar structure
the form is often six-sided, but five to nine
sides are common, owing to irregularities of
texture and cooling.
(Fig

HH

ti

H
Giant's Causeway.

Fig. 218 represents a scene from the coast of Illawarra, in southeastern
Australia, in which there are columns of two outflows, the nearer less
per-
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218.

'

Ut1
IJ

Basaltic columns, at Kinma, on the coast of Iflawarra, New South Wales. P., Note-Book, '39.
feet in form resting on horizontal stratified rocks, the other a larger outflow
in regular vertical columns five to eight feet in diameter.
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The vertical position shows that the cooling surfaces were (1) the rocks
underneath and (2) the air above; and the regularity of position indicates
remarkably equable progress through the mass in the cooling. Fig. 219,
representing a dike and overflow from the same region, shows the effects
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of position in cooling surfaces; the dike, with vertical walls having horizon
tal columns, and the overflow, vertical columns. The rock intersected and
overlaid is a conglomerate, and part of the latter is involved in the basalt.
219.

220.

Dike with outflow, Kiawa. D.

Curved columns, Kiatna. D.'49.

The effect of a small ridge (of conglomerate) in making curved columns
is shown in Fig. 220.
For a short distance the basalt is massive; then the
The
columns
one to four feet in diameter and 30 long - begin abruptly.
low terminal plane of the column is flat; but this plane is nearly horizontal
whatever the obliquity of the prism, the variation from it where greatest not
exceeding 200.

The stream of basalt was 50 feet thick.
221.

- -

,

-

.

'86..
Columnar Basalt, Orange, N.J. Iddlnga

The trap of the Triassic of eastern North America is usually more or
At a quarry in (I)range,
less columnar; and in some places regularly so.
N..J, west of the city, the co1 u inns are in groups v1iie1t are in soiiu' parts
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The diameters
abruptly diverse in positions and size, as shown above.
four
feet to six or eight inches; and some groups are much curved.
vary from
refers
the abrupt changes to irregular cooling after the surface had
Idditigs

crusted over, different rates proceeding fF0111 the lower and
To this may he added that the upward flow or thrust of
was probably more or less intermittent, as it is a common
flows about volcanoes.
Basaltic rocks are much more generally columnar than
igneous rocks.

upper surfaces.
the liquid rock
fact in modern

other kinds of

Figs. 222 and 224 show the same structure in phonolyte,
222.
-p
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The Ethonolyte Peak, 1000 feet high, on Fernando de Noronha. J. C. Branner, '89.
The first, representing a peak, 1000
half-stony volcanic glass.
a paper by
feet high, on the island of Fernando de Noronha, is from
" Obsidian
shows
the
columns
of
,J. C. Branner.
The second
well-developed
Cliff " (a noted locality in the Yellowstone Park). The columns are 50 to
60 feet high ; above the columns for 50 feet, or so, the obsidian is massive.
and

in

The cross-lining in the figure represents shading and not
(Iddings, 1886.)
the thin laminated structure that characterizes much of the obsidian.
In a cooling layer of fused rock, the smallest 'lumber of fractures that
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plate glass, at the Thames Glass Works, the contraction was F59 per cent,
100 parts, by weight, becoming 9841
(Mallet). In passing from the stone
to the glass state, according to Delesse, granite decreases in
density 9 to 11
per cent; syenyte, 8 to 9; dioryte, 6 to 8; doleryte, 5 to 7; trachyte, 3 to S
per cent. Cast iron loses in density on heating, and also on solidifying;
trials gave a density of 7214 when cold, 6535 before fusion, and 6883 when
liquid (Flannay).
III.

IGNEOUS ACTION AND ITS RESULTS.
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Igneous action has its origin almost exclusively within the earth's heated
interior. A few phenomena only are due to exterior agencies.
Its chief
direct results include: (1) the melting of rocks; (2) the eruption of melted
or plastic rock from some subterranean source into or through fissures or

spaces opened in the earth's crust,-thus making eruptive rocks; (3) the
repeated eruption of melted rock, through long periods, from local vents,
thereby making volcanoes; (4) the imbibing by the melted rock, while on
its way up, of vapors generated from ingredients encountered in the
adjoin
ing rocks, and especially of water-vapor, derived from the moisture of these
rocks and from subterranean streams, - producing, in the melted rock, aug
mented mechanical and chemical powers; (5) the communication of heat
and vapors to the adjoining rocks,-producing in these outside rocks chemi
cal and physical changes. Earthquakes, solfataras, fumaroles, hot springs,
geysers, and also mineral depositions and emanations in connection with the
hot springs and funiaroles, are among the attendant results.

In the following pages the results of exterior agencies are first presented;
and then those of interior origin, under the heads of Volcanoes, Non-volcanic
Igneous Eruptions, and Geysers.

ACTION OF EXTERIOR AGENCIES.
Lightning, an electric discharge or a combination of them, occasionally
leaves evidence of its intense heat on rocks and sand-heaps, by the
fusion of the constituent minerals into a tube around its pathway, or in
patches of glassy beads. The tubes, called fuiqurites, have been observed
in many places in the sands of dunes, descending to a depth of one to three
feet; and one of ten feet is reported. They are one half to two or more

inches across, often contorted, taper, and sometimes branch, downward.
Tubes two feet long, found near Pensacola, Fla., consisted within of a
of quartz (Diller, 1884).
A
bright clear glass almost free from grains
has been described by W. S.
fulgurite from the sand near Waterville, Me.,
occur especially about the summits
Bayley (1872). The fulgurites in rocks
of mountains. They have been observed in Mexico in the trachytic summit
Little Ararat, Caucasus, in augite-andesyte
of Toluca (Humboldt);
and at a dozen other points in the Alps;
(Ahich); on the top of Mont Blanc
at many places in the Pyrenees; also in Oregon and Colorado.
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The common effects on the rocks are: the covering of small surface
spots,
or depressions, with beads of glass, or with sinuous glassy lines sometimes
radiating; the production of tubes sometimes half an inch or more in
diameter, descending with diminishing size a few inches into the rock, and
sometimes dividing downward; the glass being such as the rock, or some of
its more fusible ingredients, would afford on fusion. The usual absence of
microlites is regarded as an indication of the sudden cooling of the glass.

Specimens from Mount Thielson, Oregon, South of the Columbia, where the rock is
hypersthene-basalt, consist, according to 1)iller, of a coating of patches and beads of
' inch in diameter,
glass, and also of tubes to
having a brownish glass within, which
descend 2 to 3 inches into the rock. On West Peak, east of the San-re de Cristo Range,
Col., tubes glassy within, and surface-depressions with beads of glass, occur in augite
dioryte, and in one place a tube appeared to follow the course of a small vein of ore
(R. C. Hills, 1800). A fulgurite.glass, occurring in the Alps on Mount Viso, coating fur
rows made in glaucophane schist, was peculiar in containing inicrobtes (Rutley, 1889).
The disrupting power of lightning is sometimes shown in the fracturing of rocks, and
it is supposed that this may have been, in past time, an important, agent of rock-destruction. But this theory is opposed by the fact that the strokes producing fulgurites have
done very little shattering.
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Vesuvius as seen from the harbor of Naples. D. July, '34.
The burning of coal-beds has produced scoria and other igneous results iii North Dakota
and Montana. But the mode of ignition of the beds is not. known. A stroke of lightning
is the most probable agent. It is hardly possible that chemical changes ever occasioned
it. In the States above mentioned the burning of coal-beds of the Linitic Tertiary has
changed clays to hard and sometimes porcelain-like rocks, usually reddening them, and
also to beds of a half-fused cellular or scoriaceous and pumice-like character, looking like
the products of a volcano. One of the regions thus burnt over, on time Little Missouri,
is 20 to 30 miles broad by 200 miles in leiigth. Others occur in the Yellowstone at the
mouth of Powder River and along the tatter stream ; about the sources of Tongue River,
within a few miles of the Big Horn Mountains, and on the north fork of the Cheyenne
River, as observed by Hayden. Fragments of pumice have been found on the Missouri
as far south as Pierre, and the early explorers supposed theni to be the products of
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unknown volcanoes, high up in the niountajiis. The baked rocks, besides giving their red
tints to the country, resist erosion, as Mr. Allen states (1874), and so protect the hills
from denudation, and become prominent features of the region.
VOLCANOES.
1. General Characteristics.
An active volcano, as ordinarily understood, is a mountain or hill more
or less conical in shape, having at or near its top a cavity called a crater;
and, within the crater, a vent or source of liquid rock and hot vapors, whence
proceed at times ejections of lava in streams, or else in projected fragments.
It is fundamentally a vent of vapors and liquid rock, which, by its projectile
action has been and is still surrounding itself by an elevation of more or less
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Mount Shasta as seen from the south. Height, 14,401 foot. From a photograph by \Vatkins.
conical form and perieentrie. structure. The ejected materials descend around
the vent, and l)v this peiiceiiti'ic work build up the rising volcanic cone.
The liquid rock and its cooled stieains are the lava of the volcano, and
the loftily projected lava-fragments, cooled as they fall, which may be for
years the only ejeeteti material, are the cinders (lapilli of the Italians), or
volcanic ashes when flue, or volcanic scoria when made up of light cellular
pieces.
A view of Vesuvius as it appeared in July, 1834, is given in Figure 225.
The main body of the mountain is made of lava streams, with sonic layers
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of cinders; the large active cone to the right consists outside and at the
top of cinders; and the small cone at the very top giving out vapors, of
cinders alone. The whole height is nearly 4000 feet.
227.
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If the projected fragments of lava are thrown only to .1, small height, as
is usuLl at the volcanoes of Hawaii, they descend without eooliitg and
adhere to the surface oii which they fall, where they have the appearance
of cooled drops, driblets, or incipient streanilets of lava.
The vapor escaping from the crater, often wrongly called smoke, is chiefly
or gases.
vapor of water, with quantities of other vapors

HEAT.

269

Lava-cones, Cinder-cones, Tufa-cones, Driblet-cones. -An active volcano
may have discharges of lavas; or discharges of projected fragments, that is
projectile discharges; or discharges, for long periods, of vapors alone.
Outfiowing lavas make a lava-cone, which may vary in angle of slope
from 3° to 25° or more. Mount Shasta (Fig. 226), in northern California,
is one of the steeper cones, and those of Hawaii are cones of low angle.
228.
S. B. Al-

B

N. W.
A, B, B, C, profile of Hawaii, as seen from the eastward; L, the dome, Mount Loa; K, Mount Kea.
As shown on the map, Fig. 227, three great cones make up nearly the
whole of Hawaii, although the island is 93 miles from north to south and 80
miles broad. These three cones are Mount Kea, now extinct, 13,805 feet high;
Mount Hualalai, in eruption in 1801, 8275 feet; and Mount Loa, now in fre
quent eruption, 13,675 feet.

Kilauea, to the east of Mount Loa, is another
230.
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(Hawaiian Government
Fig. 229, crater of Mount Loa (J. M. Alexander): Fig. 230, crater of Kllaueaafter
an eruption in 1886.
lake-basin
ilalemaumnu,
the
emptied
House;
in
Volcano
H,
great
Survey) 1886; V,
after
the
Levels
of
the
floor of Kilnuen, in
6
months
eruption.
Fig. 231, same basin containing a debris-cone
House,
at
V.
Volcano
level
of
the
Fig. 230, are measured from the
active volcano, but it makes the eastern flank of Mount Loa, and projects
where highest hardly 300 feet above the plain between it and the Mount Loa
on the north point, is the half-buried remains of
slopes. The Kohala Range,
a volcano of unknown extent, which, as its valleys indicate, long since became
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extinct.

Fig. 228 represents a nearly north-and-south section of the island
through Mount Loa and Mount Kea. The slopes of Mount Loa are 50 to 8°,
except over its broad nearly fiat summit; of Mount Kea, 5° to 100; and the
eastern slopes of Kilauea, only 3°. The map of Hawaii shows also,
by the
dark-dotted areas, the courses of its great lava-streams since 1840.
Figs. 229 and 230 are maps, on a scale of 9000 feet to the inch, of the
crater at the summit of Mount Loa (Fig. 229) and that of Kilauea (Fig.
230),
after an eruption in 1886.
Fig. 232 is an excellent view of the crater of Kilauea as it appeared in
1864, taken from the north side. It differs little from that of recent years,
except in the low ridge over the bottom toward its left side.
232.
\
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Klluuea, from the north, just vest of the Volcano House. Perry.
Maui (Fig. 160), the island just northeast of Hawaii, affords, in its east
ern half, another good example of a lava-cone; its height is 10,032 feet, and
the crater, called Haleakala, is 2500 feet deep.
Cinders, or the material of high projectile discharges, form cinder-cones
to 40°, but made somewhat lower
(Fig. 233), having slopes commonly of 35°
after their formation, through the winds,
233.
They
rains, and surface earth-slipping.
have narrow summits and craters.
If the cinders are wet by heavy rains, or
otherwise, so as to flow like mud, the cone

formed has a broad top, a saucer-like crater,
AuumpUou Island, Northern Ladrones.
and slopes generally of 15° to 25°, and is a
D. '4].
Time sides may spread out below
tufa-cone.
show the
at a very small angle. Figs. 234 and 235 are tufa-cones. They
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great breadth of the crater; but the exterior has lost its natural slopes by
In Fig. 23 the cone to the left shows the (lii) of the layers
denudation.
of tufa inward toward the center of the crater and outward, down the outer
Driblets pile up the fantastic driblet-cone, which has no crater but
slopes.

simply a hole for the projection of lava in small liquid masses, drops, drib
lets, or worm-like streamlets.
234.
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'I'll fa-cones, Oahu. Fig. 234, a, the tufiL-cone, Diamond Head, east of Honolulu, the exterior eroded;
h, c, other smaller cones: Fig. 235, Koko 1-lead tufa-cones, east cape of Oahu, the one to the left cut through
by the sea, that to the right eroded inside as well as outside. D.
Still another kind of cone, occasionally observed in Kilauea, is the debriscone, made at times in Halemaumau after a discharge out of the masses or
(See Fig. 231.)
fragments that fall into the basin from its steep sides.
2336.

237.

c
zzz
Dilbiet-cone of Kllauea. D. '40.

Driblet-cone.

Brigham, '64.

At an eruption, the discharged lava: (1) may flow down the mountain
in great streams from the crater at the summit; or (2) may escape to the
surface through breaks or fissures made by the eruptive forces in the moun
tain's sides, and thence. spread away in streams ; or (3) it may flow off
between the old lava streams of
through fissures into underground cavities
the mountain, or it may only fill the opened fissures. Discharges from the
crater are probably the prevailing kind at the commencement of a volcano,
the lavas then pouring out copiously. But at the present time the outflows
are mostly or wholly from fissures, though often subterranean.
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The outflow from fissures may take place at any height on the mountain,
and also beneath the sea level. If at the latter, the eruptions are submarine;
if at the former, surficial, that is, subaerial. The map of Hawaii shows the

courses of seven of the great lava streams of the summit eruptions, with
their dates. They all commenced some distance from the crater; and the two
to the south, those of 1868 and 1887, at points 17 and 12 miles from it, and
12 and 17 from the coast.

Only one lava stream from Kilauea is shown,
that of 1840, on the eastern point of the island; all its later discharges have
been subterranean.
The fissures for the discharge of lavas are often so wide in some places

that they pour out the lavas there for weeks, and make cones of lava over
each wide place; or if the lava ceases to flow out, there may be projectile
discharges for a time and cinder-cones may be made. In either case a line
of cones (Fig. 234) may be formed over the fissure. Such cones while in
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action are true volcanoes in all their characters. They are distinguished as
the lateral cones of a volcano or volcanic mountain. The lateral cones of a
submarine eruption often stand as islands, or make shoals, off a coast.
Lavas and other igneous rocks. - The kinds of igneous rocks have been

described on pages 84 to 89. There are many of them, but petrology makes
distinctions, based on texture and accessory minerals, which have importance,
but are not always of fundamental value. These rocks consist ordinarily
of a kind of feldspar, or occasionally of some other related alkali-bearing
mineral, usually with some additional mineral, as pyroxene, hornblende,
chrysolite (olivine), quartz, mica, and a few other species. But hornblende
when fused turns to pyroxene; chrysolite may form from fused pyroxene;
Further, all
and mica may be derived at a high temperature from feldspar.
textures from that of glass to granite-like may exist in the igneous sheet
or mass of a single ejection -the differences depending on rate of cooling.

The distinctions between granite, granulyte, rhyolyte, and quartz-felsyte, between
trachyte and felsyte, between gabbro and doleryte, between chrysolitic gabbro and
basalt, between andesyte and dioryte, between dacyto and quartz-dioryte, are differences
chiefly in texture. - a character of inferior value geologically, although a sufficient reason
for their having names in petrology. '['he minerals pyroxene and hornblende are essen
tially the same in composition, and they are also mutually convertible under certain heat
conditions, as explained beyond, and hence pyroxenic and hornblendic rocks are very
closely related; but the distinction, notwithstanding the degree of resemblance, is often
of great geological interest.
Igneous rocks are fusible kinds. No lava streams or dikes have been
found about volcanoes consisting of the "infusible" minerals quartz, hema
tite, magnetite. But grains of these minerals are common in the rocks.
Besides, there are often minute grains.of native iron in some igneous rocks, especially
in the basaltic; and large masses of iron have been found in the basalt of Disco Island,
Greenland, and of copper in the related igneous rock of the Lake Superior copper region
in Michigan. The copper probably resulted from the reduction, by the heat, of copper ore
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encountered on the way up; and the same may be true of the iron, the reduction in this
case having been effected, as J. L. Smith suggested, by the aid of some carbon compound
in the ascending liquid basalt. But it may be that the iron was carried up by the
liquid
rock from the earth's interior.
Some igneous rocks consist chiefly of the "infusible" minerals chrysolite and leucite;
but the complete fusion which the capability of flowing indicates is evidence that some
part of the constituents of these rocks before ejection were in fusible combinations. By
infusible is here meant infusible before the common blowpipe.
The more important volcanic phenomena connected with these rocks
depend on the temperature of fusion, those requiring the least heat being
the earliest to fuse as the temperature rose, and the
longest to continue
as
it
declined,
and,
therefore,
those that have commonly had, when
liquid
the
of
the
freest
ejected,
temperature
liquidity.

There are three prominent classes of igneous rocks, differing in
fusibility.
In each class the kinds are nearly alike in chemical constitution, but differ
somewhat mineralogically and in state of crystallization. There are inter
mediate kinds; but still the classes stand out prominently. These three
groups are as follows: -
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1. Easy fusibility. - The BASALTIC CLASS: These fuse at about 22500 F.
(C. Barus); consist chiefly of pyroxene (or a related species), and of the
feldspar, labraclorite, whose alkalies are lime and soda; they often carry
grains of chrysolite, but very rarely of quartz: as basalt, doleryte, diabase,

gabbro, etc. These rocks are basic (pages 65, 86); but fusibility, not basicity,
is the important characteristic as regards volcanic phenomena; for anorthite,
the most basic of the feldspars, is one of the most infusible.
2. Medium fusibility (about 2520° F., Barus). -The ANDESYTE CLASS:
These consist of a mineral of the pyroxeiie-hornblende group, and, as the
feldspar portion, of oligoclase or andesite, whose alkalies are soda and lime;
they often carry quartz grains: as andesyte, dacyte, quartz-andesyte, dioryte,
and related kinds.

3. Difficult fusibility (about 2700° F., Barus, for quartz-trachyte or rhyo
lyte). -The TRAcILYTE CLASS: These consist of potash-feldspar, orthoclase,
or of orthoclase with a little oligoclase, or albite; sometimes containing mica,
pyroxene, hornblende, quartz: as trachyte, rhyolyte, felsyte, granite, etc.
Rhyolyte is quite viscid even at 3100° F. (Barus).

Lavas, especially the trachytic and andesytic kinds, and including lithoid obsidian,
have frequently a thin laminated structure, which is produced, not by a succession in
streams, the lamin being too thin for streams, but by successive action in the supply of
lava at the point of outflow; the ineipient subdivisions are drawn out as the stream
flows into thin sheets or layers (Iddings).
Fouquê and Levy obtained from fused basalt on cooling after being for 48 hours at
white-red fusion, "a temperature above the melting-point of pyroxene and labradorite,"
"crystals of olivine in a brownish vitreous magma"; but on cooling from cherry-red fusion
sustained for 48 hours, numerous inicrolites of labradorite and pyroxene with magnetite.
Messrs. Ch. and G. Friedel (1890), on heating mica to 5000 C. (9000 F.) with alkaline
DANA'S MANUAL- 18
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solutions, obtained crystals of nephelite and orthoclase; and with the addition of silica,
obtained leucite.
As early as 1804, Gregory Watt published in the Philosophical Transactions "Obser
vations on Basalt," in which he gave a detailed account of the melting of 700 pounds of
basalt from Rowley-Rag (G = 2*743) to glass, and of its becoming, oil slow cooling, a
gray, crystalline-granular mass (with G = 2984-2949) consisting of spherical concretions,
many 2 inches in diameter and having a somewhat radiated structure (which was mostly
lost with the slowest cooling); and of the adjoining concretions being often rendered
hexagonally prismatic from contact, whence he inferred the concretionary origin of
basaltic columns.
2. Conditions Determining the Forms of Cones.
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1. Dependence on fusibility of the lavas. -Cones of lavas of the basalt
class are of gentle slope, and great breadth, owing to the easy flow of the
rock. The lavas are glassy only at surface, or when in scoriaceous forms.
The craters also derive their characters from the liquidity. They are
broad, with the walls often vertical, meriting the name they have of pitcraters, as is well seen in figures 229-231, on page 269.

But the great cones of western North and South America are mostly
examples of the andesyte or trachyte class. The slope seldom exceeds 35°,
in part
except where caused by breaks. The steepness, however, may be
Shasta, represented
owing to intercalated beds of cinders or tufa. Mount
in Fig. 226, is one of them,-its slopes 28°-32° (Whitney). Chimborazo,
20,498 feet high, has angles of about 25° in a view looking northeast; Coto
to 30°, rising near
paxi, 19,613 feet high, in a westward view, angles of 27.\-°
the summit to 370 (Whymper); and Arequipa, angles of 2T° to 32° 50'.
in cones of the
Trachytes, and other lavas of the third class, take part
second kind. But as the temperature of free fusion is above 3100° F., the
heat required for complete liquidity is generally wanting, so that at the
time of ejection they commonly are already in a pasty state, or that of
incipient solidification. The streams are thick, compared with the basaltic.
Sometimes the lava swells up into steep and lofty eraterless domes, instead
of flowing away in streams. The high domes of Auvergne, France, are
fusion, it
examples. But when a trachytic lava has the heat of complete
may flow and make great streams.
The following sketch represents "Gothic Mountain," in Colorado, in
which a mountain mass of trachyte rests on a base of Cretaceous rocks,
In the nearly hori
much eroded over its surface.
(Hayden Rep., 1873.)
which
zontally stratified base there is an independent dike of the trachyte,
was probably produced contemporaneously with the outflow that made. the
mountain. The mountain is nearly 2000 feet in height above the Cretaceous
base, and 12,465 feet high above the sea level. The rock is without bedding

or any evidence of separate lava flows.
Melted beeswax poured out on a flat surface, while heated above the
fusing point, would flow off at a very small angle; but if its temperature
were below that of fusion, it would he pasty, and the angle of flow would
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increase as the temperature decreased. Copious streams would have the
smaller angle, while small streams would give increased pitch, and drops
might make a vertical column. The facts with regard to lavas are the same
in principle; for basaltic cones, as in those of driblet origin, may have high
angles, even 900.
238.
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Gothic Mountain, Colorado. A trachytic mass overlying Cretaceous rocks.
If lavas were as liquid as water, cones of sensible slope would be
impossible; the most liquid have sufficient viscidity or cohesion to cause
some resistance to free movement, and the slope is, in a sense, a measure of

this resistance.

2. Dependence of the forms of lava-cones on place and amount of discharge.
-Since a cone diminishes in diameter upward, a flow of lava from the summit
region, having like width throughout, would cover a much larger part of the
circumference in the upper part than in the lower. The part of the cone

below would require in fact a great number of ordinary lava streams to make
one coat over the surface. The consequence of this condition is that such
discharges add to the height and make the cone steeper above, and give it
also a concave outline. But if the flows commence for the most part a little
below the summit, from an eighth to a sixth of the height, the upper part

will be widened and the cone take the form of a low dome, like Mount Lea;
or if the streams come from fissures in the lower part of the cone and spread
beyond the base, the cone will be flattened below, and the lower part of the
profile will be made concave.
Lava-cones often, perhaps generally, derive an oblong or parabolic form of area from
their origin over a fissure. The fissure was made by a profound rupture of the earth's
crust, and probably the location of the crater was fixed by its intersection with a trans
verse fissure; but along the larger of the fissures an elongate form is given to the crater.
The chief focus of action is usually toward one extremity. Over the slopes of the moun
tain, the belt in the direction of the longer axis is likely to be the region of most frequent
eruptions and of long lines of steaming fissures. The craters of both Mount Loa and
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Kilauea are thus elongated and eccentric, and have lines of fissures extending far to (he
southwest in the direction of the longer axis ; moreover, the former has the larger part
of its more recent eruptions either to the north-northeast or south-southwest of the crater.
'l'he two craters of Maui are also elongated and eccentric. The position of the present
vent of Vesuvius with reference to the original Mount Somina is eccentric, according to
Johuston-Lavis, and perhaps for a like reason.
3. Causes influencing 1/u' forms of render- and tufa.cones. -Cinder-cones
have their forms varied in height, breadth, and slope, on the different sides,
Moreover, alternations of cinder and lava ejettions make
by the winds.
a cone of steeper slope than lava alone.
Summit ejections of cinders may

Mount
increase the height without adding much to the mass of a mountain.
Kea owes its superior height over Mount Loa to a final spurt, when it was
becoming extinct, cinder-cones at the top having been then thrown up.
Flowing volcanic mud, from which tufa and tufa-cones are made, neces
sarily produces broad-topped cones with a saucer-like crater, as explained oil
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page 210; but the winds often carry cinders far away to make horizontal
deposits, which sometimes attain great thickness. By making an outline of
a section of a cone and drawing lines parallel to the sides, as below, sec
tions representing in a general way the structure of a lava-cone, cinder-cone,
239.

Cinder-cone.

240.

'ruracone.

and tnfa-cone are easily made. But it is to be noted that such sections are
incorrect, since lava streams and cinder deposits are, to a large extent, strips
or patches over the surface of the cone and not a series of seamless coats.
4. Relations of glassy larus to the stole!!. - Glassy forms of lava (see page
no cones. With basaltic
77) occur with each of the three kiwis, but make
lavas they constitute merely a crust on a lava stream, or the scum of a lava
lake; but in a trachytic volcano, the glass, called obsidian, sometimes flows
in streams.
"Obsidian Cliff" in the Yellowstone Park is a remarkable example of all obsidian
outflow. It has the columnar forms of Fig. 24. The glass is connected with vast eruptions of rhyolyte (quartz-trachyte) at and about Mount Washburn, which have a hkknt'ss
of thousands of feet, and succeeded to andesyte eruptions (hiding-A, Hague). Another
locality has been reported by Russell near Mono Lake, in western Nevada. On the tracliyto
islands, north of Sicily, Iipari (IflOl feet high) and Vuleano (1078 feet'), the obsidian
With the glass occurs
streams bear evidence of sluggish twislilig flow (Judd, l7I).
The
northern island of the group,
pumice, and that of Iipari is the pumice of the arts.
Stromboli (3000 feet high), is basaltic in its lavas ; the islands intermediate between
Strombohi and Lipari have lavas of interniediatc kinds.
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5. Sizes of some of the larger craters. - Kilauea has diameters of 14,00
and 9800 feet; the depth in 1840 was about 1000 feet, but now it is less
than 450 feet. The crater of Haleakala, east Maui, is 23 miles in circuit
and 2500 feet in greatest depth. The crater of the peak of Terieriffe is 8
miles by 6 in area, and has a depth in some parts of 2000 feet. Mauritius
has a crater which measures at least 13 miles in its longest diameter. On
Java, Papandayang, 7084 feet high, has a crater whose diameters are 15 and

The crater of Aso-san, of the island of Kiusiu, Japan, has diame
ters, according to Mime, of about 10 and 14 miles.
6 miles.

3.

Volcanic Action and its Causes.

Volcanic action involves the continued supply of liquid lava from depths
below the earth's surface to the crater, to keep up heat and action. It
comprises (1) work within the crater by means of escaping vapors, by the
fusing and contractional effects of heat, and by gravitational pressure; and
(2) discharges of lava, either in streams or as cinders.
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1. The supplying of
must reach down to a
column loses heat from
expansion of vapors or

lava. -The supply-channel, or conduit, of a volcano
For the liquid
region of great heat and fusion.
contact with the air and cool rocks, and from the
vaporizable material within the lava. This supply

of liquid rock presupposes some upthrusting force. If the level reached by
the upthrust lavas is much below the earth's surface, the heat of the melted
rock might make hot springs or geysers, or, at a higher level, produce a
region of escaping vapors. But, for volcanic action, the aseensive force must
be sufficient to restore the lava-column to its mean height in the crater,
sooner or later after every eruption; for failure here is the beginning of
decline in volcanic activity. When a volcano ceases action entirely, not
even vapors escaping, it is said to be extinct; but it may not be so dead
that a century later it will not break out anew.
The conduit of lava beneath an active crater probably has nearly the
diameter of the crater, judging from facts observed at Kilauea. This would

of two to three miles.
give for the Kilauea conduit a breadth
2. The escaping vapors. - The work done in a crater is largely owing to
For if all vaporizable material were
the making and escaping of vapors.
absent, the lavas would lie quiet. The liquid lavas in sight in a crater are
but out of sight, there is usually
always in constant activity; and if below
considerable noisy action from escaping steam, and from the movements
which the steam occasions.
The vapors of a volcano are 99 per cent vapor of water, as has been
ascertained by investigation. For the supply of water the sea is one prob.
below,
able source; the rains, another; and vapors coming up from depths
with the lavas, a third source. Vapors from the "depths below" are from
the subterranean source of the lavas, and this source may be either a per
if such exists, or the rocks of the crust that
petual lava-sea of large extent,
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have been melted to produce the supply, since all rocks of the supererust
contain traces of moisture (page 205). But this is not the chief source of
the vapor of water.
Among the other materials of the vapors, sulphurous acid (SO2) is probably the most
abundant. It has the smell of burning sulphur. It is always present, and probably comes
from iron sulphides in the melted rocks, since they are often sparingly present in the solid
lavas. Hydrogeii is sometimes present; it may come from the dissociation of the elements
of water (F120), or from any oxidation in the lava in which the oxygen used is derived
from water. Hydrochloric acid (FIOl) is one of the gases when sea water gains admission
to the hot lavas. Carbonic acid (COfl) may be emitted if any limestone (CaO.CO) exists
below in proximity to the melted lavas. Carbonic oxide (00) has been detected by W.
Libbey in spectroscopic observations of the flames, 1, 2, or 3 feet high, that appear about
the lava vents of Kilauea. The above, with more or less of atmospheric air, are the
chief gases of the melted lavas. There are other vapors given out by solfataras, but these
take no part in the eruptive work of the volcano.
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The mechanical work of the vapors is due almost wholly to the vapor
of water. In view of the relation on Hawaii between times of eruptions
and the rainy season, and between length of lava-column above the sea and
projectile force, there is strong probability that fresh waters are in many

volcanoes the chief agent. Whenever subterranean waters in their descent
below the surface approach the hot rocks about the lava-column, they are con
verted into steam; and the amount of steam generated from even a small con
tinued supply of water would be so large (in view of the fact that at the
ordinary pressure one cubic foot of water will yield 1700 cubic feet of steam)
that it could not all escape outward through the rocks, but in part would be

forced into the rising lava,s of the conduit.
Moreover, it has been experi
mentally demonstrated by Daubrée (1879) that, under such circumstances, a
molecular absorption of the steam would take place against any pressure
outward that might exist within the heated column.
3. Effects of vapors. - (a) Projectile effects. - The escape of vapor and its
expansion encounter resistance in consequence of the cohesion of the liquid
material, which resistance is proportional to the strength of this cohesion,
or is conversely as the degree of liquidity.
Water, in boiling, lets very
small bubbles of steam through easily; and the elastic force of the steam
of the bubble makes low jets, one or two inches in height. But the elastic
force of a small bubble of vapor is too feeble to break its way through lava;
enlargement, therefore, goes on until the force is sufficient to overbalance
the resistance; then comes the break of the liquid lava-shell of the bubble,
and the projection of its fragments vertically or nearly so into the air,
The projectile force thus
vertically, because the shell is thinnest at top.
on
the
size
of
the
or,
bubble,
what is equivalent, on the
depends largely
viscidity of the liquid lava, and on the rate of supply of vapors seeking to
escape.
On account of the remarkable liquidity of basaltic lavas, the projectile
force required to break a way through may be so small as to throw the lava
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to a height of only 8 or 10 yards, a in Kilauea, - a height so small that
the projected drops or masses of lava fall back unsolidified, and the jets
dance in a lively and brilliant way over the surface of the lava-basin. The
scene is a brilliant one, when a lake of lava 500,000 square feet in area is
covered throughout with the playing jets, as at Kilauea in 1840.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

It is a mark also of such extreme liquidity, that where the escaping vapors throw up
the lavas in half-covered places under the rocky sides of a lake, the lavas in the recoil dash
out. in fiery spray much like the spattering of breaking waves. In the pulling apart of the
rising lava-jet dividing it into drops, the glassy material in fusion is drawn out into hairs,
and forms the 11 l'ele's hair '' of Kilauea.
In cases, outside of the lava-lakes, where the bubbles are bursting beneath an open
in
the bottom of the crater, the vapors and lava driblets escape from the aperture with
ing
a rush and a roar, '' as if all the steam engines of the world were concentrated in it."
(Douglas.) The driblet-cone, thus made, is sometimes called a blowing-cone.
Now and then the regular ebullition is interrupted by larger throws, even to 200 feet.
At other times the lake becomes crusted over with a glassy scum, or with a crust of more
solid lava, and so remains for a while ; and then -at intervals of minutes, or hours, e
longer -it breaks anew into activity, attended with a remelting of what had solidifie
and the throwing up of jets as before.
In the Mount Loa crater, situated 13,675 feet above the sea (10,000 feet
above Kilauea), the jets generally rise 200 feet or more, and instead of the
quiet ebullition of Kilauea there is the play of a great fiery fountain. One
of the describers states that in 1573 the "fountain o fire," 150 feet broad,

played in several united but independent jets to a height of 150 to 300 feet.
At one time the jets suddenly became low, and continued thus for a few
seconds, then "with a roar like the sound of gathering waters, nearly the
whole surface of the lake was lifted up, and its whole radiant mass rose
three times in one outburst to a height, as estimated by the surrounding
cliffs, of 600 feet.

After this the fountain played as before with jets of 300
feet."
Others report heights of 600 to 800 feet in the
(I. L. Bird, 1876.)
playing fountains. These are the conditions in the Mount Loa crater only
when eruptions are imminent.
The cause of this high projection of the lavas in fountain-like form in a summit crater
can be no other than the escaping vapors; and the difference between such fountains
and the gentler ebullition of Kilauea must depend on their amount and rate of supply.
Such moisture, if the deep subterranean region of lavas were its source, would be most
abundant in the equally large but 10,000 feet lower crater, Kilauea. But if supplied by
the fresh waters from the rains over the region, the 10,000 feet of greater altitude are a
sufficient reason for the difference.
The idea was put forth by Scrope that the fusion in the lavas of a volcano was aqueo
igneous fusion, or a mobility due in part to the water-vapor present. Such vapor must
increase the liquidity, but facts show that it is not dependent on it. The white light
"
"
which the lavas of Kilauea often display in their ebullition is evidence of heat suf
ficient for fusion. Bartoli, on Etna in 189;), found the temperature of a lava stream, at
its exit, 1910° F.

280

DYNAMICAL GEOLOGY.

Vesuvius, with its less liquid lavas, contrasts
wonderfully in its way of
with
the
volcanoes
of
Hawaii. In the case of such lavas, the
working
bubbles have to become large before the
Conse
vapor can break through.
whenever
the
break
occurs,
the
quently,
accumulated explosive force projects
the fragments of the lava-shell, that is, the so-called volcanic ashes, or
lapilli,
to a height of hundreds or thousands of feet - even 10,000 in some Vesuvian
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eruptions.

Such high projections are the common fact at most volcanoes. Great viscidity, while
leading to the production of large size in the vapor-made bubbles before they are ready
for explosion, makes fewer of them form over a given surface of
liquid lava; and in
times of moderate activity the number may be but half a dozen, or only a single one, at a
time, while on a like area, lavas with the Kilauea degree of viscidity would have scores or
hundreds. When the author was at Naples, in May, 1834, there was at night an interval
of 7 to 8 minutes between the explosions, or the throws (some hundreds of feet in height)
of fiery cinders; on the ascent, the following day, the interval was 4 to 5 minutes; and
on passing Stromboli, a fortnight later, June 16, it was 15 to 20 minutes, - the
activity
being less than usual, explosions every 2 or 3 minutes being common. As Spallauzani,
Hofmann, and others have seen the rising bubble within Stromboli, the
bursting, and,
this,
the
rush
of
and
the
cinder
following
vapor
projections, there is no reason to doubt
that at Vesuvius, also, each throw of cinders had the same source. Mr. John Milrie
states that on his ascent of the Japan volcano, C)shirna, in May, 1877, on approaching the
top, successive explosions were heard every two seconds with occasional pauses, which
explosions he found, on reaching the top, to be due to successive outbursts of steam, each
outburst projecting to a height of nearly '000 feet ashes and lava-fragments that descended
vertically, unless wafted by the winds.
When the rains come down in torrents during such an eruption, the pro
jected materials make the flowing mud (called tufa when it is dried and.
hardened) that buries fields and forests, and has made fossils of cities, of
which Herculaneum and Pompeii are examples.
Extensive tufa deposits
are made by volcanoes of all kinds, but especially by those of the second
and third kinds. Some accumulations, apparently from a single series of
discharges, without intermediate streams of lava, have a thickness of 1000
feet or more, and cover thousands of square miles.
To the eastward of the Cascade summits, Oregon, Mr. Condon speaks of traveling
over an area of tufa for 50 to 60 miles, and states that the volcanic ash was evenly laid
over the whole surface, like a covering of snow ; and where attaining its greatest thickness,
the sharp features of the older surface ceased to show themselves through it. In many
parts of the Rocky Mountain regions, the tufas contain silicified stumps and trunks of
large trees (page 135).
- The
(b) Enlarging and vesiculating effects of vapors.
vapors also enlarge,
by their expansion, the bulk of the liquid lava, and may thus increase the
height of the lava-column.

They also make the vesicles or air-cells of lavas, producing its vesicular
and scoriaceous varieties. These are their noiseless and unseen effects,
while they are still inside of the lavas. The vesicular lavas contain relatively
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few vesicles to the bulk of the rock, and the scoriaceous varieties contain
Pressure of much overlying lava
many, so many as to make the rock light.
prevents vesiculation, and this takes place, therefore, near
the surface; but it is not ascertained what amount of pres
sure so limits it.
4
Ordinary vesicles are usually oblong, rather than spherical, unless
the size is quite small; no distinction between those made in volca
noes by different kinds of vapors has been observed. But in some
streams of igneous origin (as in the trap of the Connecticut Valley)
Q
they sometimes have the form of slender cylinders, 2 or 3 inches long;
and such elongated forms imply great expansive action at the moment
of vaporization, and therefore point to the vaporization of liquid carVesicles in basalt at
bonic acid as the cause.
Kiama. D. '49.
Oblong vesicles sometimes are pointed at one end, and thus show
the direction of movement -that of the blunt end; an example from Kiama, New South
Wales, is here represented.
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The lightest of all kinds of scoria, called "thread-lace scoria," has the
thin walls reduced to mere threads, as in the annexed figures of a specimen
obtained at Kilauea. Fig. 242 represents a portion of the scoria, magnified
30 times. Figs. 243 and 244, show two forms presented by the more regular
of the cells. The form of Fig. 243, which has 12 sides besides the two bases,
is the most common. The natural size of the cells is
to i- inch, though
242.

244.
243.

Thread-lace scoria, from Kilnues. x30. D. '88.
some are much larger. This scoria contains only 17 per cent of its bulk
in rock-material, and hence a layer of glass one inch thick would make a
layer 60 inches thick of the scoria; and 12 per cent of moisture in the
glass by weight would suffice to produce it.
The light glassy scum of the lava of the Kilauea lava-lakes (like the scum on ferment
ing molasses) flows off as the top of each outfiowing stream, and cools as a separable
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crust I or 2 inches thick. Beneath it, the most recent lava is
comparatively solid
and often columnar in structure. The outside lavas of the mountain which have been
ejected through fissures have no such crust, but sometimes a solid glassy exterior of a
fourth to half of an inch.
Volcanic glass usually contains moisture enough for making it a light scoria when
it is heated to fusion before the blowpipe, as shown by J. W. Judd
(1886), and also by
in
the
case
of
the
Yellowstone
Park
Iddings,
obsidian.
(c) Rupturing and other effects from expansive action. - Vapors may also
produce fractures in the walls of craters or in the sides of the volcanic
mountain by their sudden generation within regions about or beneath the
crater, and also by their slow accumulation within confined spaces, and thus
may occasion volcanic eruptions. They produce the most violent projectile

effects when water in large quantity gains direct access to the lava-conduit;
for the conditions are then those that cause the most violent of boiler-explo
sions, except that they are on a scale as much greater as the volcano is
larger than a boiler.
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Vapors also bring pressure to bear on surfaces of liquid lava beneath
them, and force the lava up fissures to levels hundreds of feet above the
bottom of a crater.
The vapors are thus the chief source of power in the volcano. They may
work quietly, but they are at the bottom of all violent work.
(d) TTapors of deep-sealed origin. -While all the ordinary projectile
work of volcanoes may be carried forward by vapors from waters that gain
access from the sea, or the fresh waters of the land, it is a question whether
vapors from the deep-seated source of volcanic action may not have aided
explosively the first opening of the volcano. The lifting action of the
ascensive force in Kilauea is so quiet, and its progress so slow, - 400 feet

at the most in six years, -that we have no favorable answer from this
source. Daubrée has experimented on the effects of steam, driven under
high pressure along a fracture in blocks of granite, and proved the efficiency
of such a course in making a tubular passage through it. The results are
published in a volume entitled, Les Regions invisibies du Globe et des
Espaces célestes, 1892, and in earlier papers read before the French Academy.

The occurrence of volcanoes in long lines implies dependence as to origin on great
fractures, and mutual dependence of the volcanoes along any such line. The lines are
often in parallel ranges or series of fissures, and must have opened through the earth's crust
to the depths that supplied the melted rock. In some cases the volcanic action along such
lines has continued longer at one end of the line, or of the several lines in a series, than
at the opposite end, and extinction has been in like manner serial. An example is afforded
by the Hawaiian group. The group, now so called, is about 400 miles long and west
northwest in trend. The islands consist either of a single volcano, or of two or more
united. The prominent doublets are Oahu and Maui; and Hawaii is a quintuplet, in two
lines. The map of Maui, on page 179, shows plainly by the aged appearance of its erosion
over west Maul, that this western of the two volcanoes long since became extinct, while
east Maui has the smooth face of youth and may have been active within two or three
centuries. There is the same evidence that. west Oahu was extinct long before east Oahu,
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as shown on the map, page 292, and that Kauai, the western island of the group, was one
of the earliest, if not the earliest, to become inactive.
But Hawaii, the easternmost, is, on the contrary, the island of most recent activity.
Here are the active volcanoes. Further, the northwestern and the northern volcanoes of
Hawaii were the first to become extinct.
The largest and highest volcanic island of the
whole group is Hawaii, that on which action has continued the longest. In the Samoa
group, south of the equator, the order of extinction was the reverse of that at the Hawaiian,
or from east to west - Savaii, at the west end, a broad and lofty cone of lavas recent in
aspect, answering geologically to its (dialectic) namesake, Hawaii, of the Hawaiian group.
4. Other methods of work in a volcano. -Besides the action of vapors, there
are contractional effects from heat, exhibited in columnar forms, and irregular
fracturing; for each lava-stream has cooled down from a temperature above

20000 F. There are fusing effects; often a remelting of the lavas of a lake
that had become solidified; and a fusing also of floating masses in the lakes;
and sometimes an extending of the bounds of a lava-lake, or an opening of
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new lakes.
There are also large bulgings made in a lava-stream, while it is cooling,
through the vapors that are generated from moisture underneath it.
There is also hydrostatic and other gravitational pressure arising from
the height of the lava-column in a lava-lake, or in the mountain.
. Eruptions. - (a) Preparation for an eruption. - The crater, as at Vesu
vius or Hawaii, after it has been emptied by a great discharge at a time of
eruption, often has, at first, a period of apparently extinguished fires, and
something like the conditions of an incipient solfatara in the lazy escape

of vapors from the fissures and the lining of fissures with sulphur crystals.
Next, little outflows of lava take place from apertures or fissures in some
part of the bottom or floor of the crater, or driblets of lava or jets of cinders
build a small cone about a vent. In the case of basaltic lavas, pools of boil
ing lava often appear in the crater, which frequently overflow and spread
lava-streams over the floor, thus making small eruptions. In the ease of the
less liquid lavas the ejections at the bottom of the crater are mostly of
cinders, and one or more cinder-cones are made thereby over the bottom;
but now and then escapes of lava take place through fissures. The process
is one that puts new material over the bottom of the crater and raises its
level; and it goes on at an increasing rate until the eruption commences.

In Kilauea, such overflows from the large lava-lake may have a length of
two miles on the floor of the crater.
But this raising of the bottom by overflows and deposits of cinders is
accompanied by another action, -the upward thrust of the lavas 0 the lavacolumn through the asceusive action already mentioned. Owing (1) to this
lifting action, and (2) to the ejections, the solid floor of the crater keeps
the larger part of the floor is
rising; and sometimes, perhaps generally,
lifted or shoved up bodily by the lavas from the lava-column that are forced
in beneath it. After the eruption of 1840, the floor of Kilauea was raised
a new eruption took place. By the
bodily between 300 and 400 feet before
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same methods, the floor in a volcano like Vesuvius
may be raised, preparatory
for another eruption.
This principle in volcanic science, first made out by C. S. Lyman, is established
by
facts observed by him on Hawaii. In May, 1840, an eruption emptied the crater of Kilanea,
and left it with two thirds of the floor sunken nearly 400 feet below the level which it had
just before the eruption. (This was 6 months before the author's first visit to the crater.)
Fig. 245 is a transverse section of the crater as it was after the eruption, nio, o' m being the
opposite walls, and np, p'it' the sunken central region or "lower pit." Six months later,
245.

m
(1
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Vertical section of crater of Kllauea In 1840. D. '49.
the walls of the lower pit, which were then 360 feet high, had a talus of broken lava
along
side, falls of the rocks being frequent at the time. In 1846, C. S. Lyman found the lower
pit of the crater obliterated, and the talus, at the foot of its walls, constituting a ridge
100 to 150 feet high. Its floor had been raised as a whole, with the talus of lava.-blocks
upon it; and fault-planes made in the sinking of the floor at the eruption in 1840 were
those used in the rise. This ridge was gradually buried by the outflow of lavas over the
floor, but it still existed in 1864, as shown in the view of Kilauea on page 270, and also
in a map of the crater of that date by W. T. Brigham.
At times of approaching eruption, the heat and projectile action of the
crater become intense. The heat may be expended, as in Kilauea, in multi
plying lava-lakes for ebullition and raising blowing-cones, or, on the other
hand, as in Vesuvius, in projecting cinders to enormous heights besides start
ing some lava-flows.
- The
(b) The eruption.
eruption begins after the lavas have risen within
the crater up to what may be called high-lava mark; and when the pressure
from the vapors generated and confined below and from the hydrostatic pres
sure of the lava-column - chiefly the former - is too great to be withstood

by the containing mountain. The mountain consequently breaks; the con
duit is rent open on one side or the other, and the lavas run out. If the
mountain were too strong to break, as it perhaps is in the earlier part of its
history, when it is of little height, the lava would rise to the top of the crater
by the methods described, and overflow from the summit on this side or that.
But modern eruptions, as has been stated, are usually through fissures.
The discharge of the lavas empties the upper part of the lava-conduit or
lowers the level of its upper surface, and undermines the lifted crater-floor
and the result may be (1) a collapse or down-plunge of the floor within the
crater, making again a pit hundreds of feet deep, 01' 1000, or 2000, as the case
may be; and (2) sometimes also a down-plunge of the walls of the crater.
Part of the undermining at Vesuvius is due to outflow of lavas, part to
discharge of volcanic cinders; but at basaltic Kilauea, it all comes, ordinarily,
from

the escape of liquid lavas.
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At the eruption of Kilauea in 1840, the first signal to the natives on the
coast was not an earthquake, but a "fire in the woods." As a consequence
of the action, six miles to the east a fissure opened, and some lavas
escaped; in the next seven miles there were other fissures, giving out steam
and making small patches of lava.
Finally, 10 miles from the sea and 27
246.
ii

-

Three cinder-cones of 1840, on the seashore south of NanaWalo. D. '49.
miles from Kilauea, at a height of 1250 feet above tide level, an outflow
began from fissures which continued till it reached the sea, where there was
a violent conflict of the hot lavas and water, and three cinder-cones were
made, each probably over a separate fissure. The lavas in the crater at the
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same time sunk, as has been stated, nearly 400 feet in consequence of the
outflow.
The following diagram (the height relatively much exaggerated) shows
the change in depth of Kilauea (according to the best reports), in several
great eruptions, commencing with that of 1823. In 1823, before the erup.
247.

Sections of Kllaueo at different periods.
tion, the whole depth of the crater was 800 to 1000 feet; at the eruption,
nearly the whole bottom sunk down to the level cth, or 600 to 800 feet,
making the depth of Kilauea over this deeper, central part about 1500 feet.
In 1832, the depth before the eruption was 700 feet; after it, the center sunk to alb',
making the depth 1150 feet; in 1840, the depth of the sinking was between 360 and 400
feet. Six yeas afterward, the lower pit was obliterated, reducing the depth of Kilauea
to only 600 feet. It sunk again at an eruption in 1868. It is now only 480 feet deep
where deepest near the northeastern walls, and less than 400 feet at the center.
At the last two of the eruptions, those of 1887 and 1891, the only sinking of the bottom
that took place was within the great lake-basin called llalentauinau - half a mile in diameter
- in the southwestern part of the crater. The map of the crater, Fig. 230, shows it
condition immediately after the eruption of 1886, with the lake-basin empty to it bottom,
900 feet. below the level at the Volcano house, and nearly 600 below the rim of the basin.
to fall, and in six months the condi
(Emerson.) The walls of the basin began at once
tion was that represented in the adjoining figure 231. The basin contained a debris-cone
made of the fallen blocks, and not at all of ejected material; and the progress afterward
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soon made it evident that it was produced out of the
falling blocks by the lifting of the
bottom owing to the ascensive action of the lavas beneath, like
Lyman's ridge described
on page 284. (F. S. Dodge.)
The recent eruptions of Mount Loa, the summit crater, have been
vastly
more extensive than those of Kilauea.
Situated topographically within the
same mountain mass, as the following diagram (Fig. 248) shows, the two
have yet gone on with their preparations and eruptions
simultaneously, but
in general independently; the loftier crater unaffected in its
lifting and its
forces
the
eruptive
by
great opening at the lower level. Kilauea has none of
the virtues of a safty-valve for Mount Loa, though
probably as much of a
for
the
mountain
as
volcanic
vent ever is. The recent erup
safety-valve
any
tions of Mount Loa occurred in the years 1843, 1852, 1855, 1859, 1868, 1880,
1887; and excepting the two on the southern slopes, those of 1868 and 1887,
the place of outbreak was at heights of 10,500 to 13,000 feet, and the lengths
of the streams 20 to 35 miles.
At the place of outbreak in several in
stances, there have been great fountains of lava, 300 to 700 feet in height,
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248.

Section of Mount Loa and Kilauea.
that played for a few days, as the stream gushed forth - a consequence
either of the projectile force of escaping vapors, or of hydrostatic pressure
from the lavas in the Mount Loa lava-column, or from both causes combined.
In contrast with Mount Loa, the famous Hecla of Iceland, about 5000 feet

in height, has had only five eruptions since liOO, viz., in 1728, 1754, 1766,
1845, 1878.
- The great
(c) Earthquakes not an essential feature of volcanic eruptions.
eruptions of Mount Loa, excepting those of 1868 and 1887, have been unat
tended by noticeable earthquakes. The rupturings must have caused vibra
tions, but they have usually been unperceived at the villages of the island.
"A fire on the mountain" has been the first announcement of the outbreak.
When the outflow has begun, the liquid lava in the bottom of the summit
crater has disappeared, and the crater has lost at the same time its activity.

In 1868 and 1887, however, there were violent earthquakes; but otherwise the circum
stances were not different, in 1887, two days intervened between the appearance and
fading of the light at the summit and the exit of the lavas, and, in 1868, four days, owing
apparently to the distance of the place from the discharging conduit; but when once out
the lavas rose into a fountain of 100 to 200 feet, showing that they were under great
pressure, and then the shakings ceased. At the eruption of 1868, Kilauea was discharged
at the same time as Mount Loa, -Mount Loa forces evidently producing this remark
able result by breaking first the Mount Loa conduit, and then four days later, before the
earthquakes ceased, that of Kilauea. In other words, the fracturing of the mountain made
by vapors generated by the Mount Lea tires finally extended to the Kilauea conduits.
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The eruptions of Vesuvius are
generally heralded by earthquakes. The
lavas
ejected
commonly bear evidence, in the various chlorides among the
ingredients deposited by vapors on the lavas, that the waters of the sea had
gained access to the fires. The accompanying projection of cinders is often
to great heights, and over a wide reach of country. Those of 1779, according
to Sir William Hamilton, were thrown to a
height of 10,000 feet.
The sketch of Vesuvius in Fig. 225, page 2(IU, represents its condition a few weeks
before an eruption, when the crater was filled to the stiiiiiiiii. plain there shown, and a
der-cone oil this plain (see sketch) was the most. active feature ; but there was a sluggish stream of lava in the summit. plain, and red heat was visible a foot down in cracks.
'i'he eruption, as described by Abich, took place in August, 1834 ; two streams of lava
flowed out, the chief one from the base of the old cone, and it was accompanied by flames,
which, according to Abich, were produced by hydrogen ; it was half a mile wide, 18 to 30
feet deep, and 9 miles long. It engulfed the village of Caporeco, sparing only 4 houses
out of 500. The old cone was laid open by the eruption, and the top plain, that was the
floor walked over by the author, had sunk into a deep abyss.
(Abich, Vues Jllustr.
sitr le Vêsure et i'Etna, Berlin, 1837.)
6. Laca-.t reams. - (a) Their general characteristics. - Lava-streams sel
dom make more than three miles of flow a day, and sometimes take a year
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for 30 miles. This is true even of the basaltic kinds. They flow rapidly
when unobstructed, but often become dammed by cooliugs, especially at
the frequent interruptions.
As the stream of basaltic lava moves, it be
conies crusted over its exterior surface, and then flows on in the lava-tunnel

so made, which, at the end, it may leave empty.
Owing to the obstruc
tions, the lavas often break their bounds, and one stream becomes piled
over another. The surface of the stream has ropy lines and other marks
249.

View of the aa lava-stream, with

a

'' bomb," a, 10 feel in breadth upon it.

1). '87.

This ordinary lava is called by the
made by the flowing movement.
Hawaiians ))ahOchOe, alluding to a relatively smooth and shining or satin
like luster.
Another kind, the aa, into winch the pa/toe/toe sometimes
no evidence of flow; the stream
abruptly changes, shows over its surface
consists of broken, ragged masses, large and small, bristled all over with
masses being piled loosely together, the
points (Fig. 249); and, owing to time
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field of aa is usually 20 to 30 feet higher in level than that of pahoelwe.
The breaking up is produced while the stream is slowly moving. Some
cause, acting beneath, half chills the mass, and the lava, thus, rendered
brittle, is readily broken during the movement. The only cause of such
cooling appears to be the vaporizing of subterranean waters flowed over by

the hot lava-stream.
All lavas crust over readily, and then are slow in further consolidation,
owing to the rock being a very poor conductor of heat.
The texture depends on rate of cooling, -the most rapid rate producing
glass, -glassy crusts in the case of basaltic lavas, and massive glass in
trachytic regions. Ordinary cooling ending in an indistinct or fine crystal
line texture; and from this, there may be all grades in the same mass or
thick stream, up to a true granite-like structure, as shown by Judd (1874),
Hague and Iddings (1885), and as indicated by the author in 1849. Judd
establishes, through facts from the Western Isles of Scotland, that in a single
area a volcanic rock may vary in texture from a glassy lava to a rock of
granitoid structure, both among basaltic and feldspathic lavas.
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250-256.

255
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Pigs. 250-253, Feathery forms of pyroxene and feldspar; Figs. 254-250, Mlorolites -all of Mount Loa lavas.
E. S. Dana, '88.
and
Through some method of change, perhaps an alternation of melting
Kilauea often has the pyroxene
cooling, the fine basalt of Mount Loa and
and feldspar in feathery tufts, like common forms of frost on windows.
"The feldspar needles lie parallel with the pyroxene
(Figs. 250-256.)
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fibers, as if on crystallizing in these dendritic forms the latter mineral had
drawn the feldspar into parallel position with it."
Fig. 253 represents the
facts well, as the feldspar crystals are
larger than usual. Fig. 252 shows
one large ordinary crystal of pyroxene below the tuft. Figs. 254-256 repre
sent some of the microlites in the basalt-glass of the region. (E. S. D., 1888.)
In the consolidation of igneous rocks a more decided concretionary structure some
times results. This is especially true of glassy or semi-glassy kinds, which often contain
phernlites, having more or less distinctly a radiately fibrous structure. Spherulites appear
to differ little from the radiate concretionary forms common in manufactured glass which
has been artificially devitrified. (Rutley, 1890.) Some splierulites are in part separated
peripherally from the inclosing glass, as if formed within " lithophyses" or vesicles.
(Iddings, 1888.) See page 337, beyond, under Metamorphism. A concretionary form in
dioryte is represented on page 97.
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(b) Volcanic bombs. - Volcanic bombs are roundish or ovoid masses of
lava, concentric in structure. They sometimes have a center of chrysolite,
or of the more scoriaceous lava. They occur on Hawaii in connection with
the aa, and are of various sizes, from one inch to ten feet or more in diameter.

They are produced on Hawaii by the rolling movement of the front of the
stream due to friction at bottom. It is possible that the same kind of move
ment in the ordinary lava-stream may produce them; but on Hawaii they are
found only in aa lava-fields; one is shown in Fig. 249 at a. Johnston-Lavis
gives essentially the same general explanation of the origin of some bombs
observed by him about Vesuvius. The bombs of the Eifel region, in many

of which chrysolite makes the center, have been supposed to be projected
bombs; but in view of the above facts this may be questioned. Projected
blocks of ordinary lava are not bombs, but merely projected blocks.
(c) The opening of subordinate or lateral volcanic cones. -(Jones of erup

tion often form over fissures during the progress of an eruption from the
fissure.
Each such cone, when it is in progress, has its own lava-conduit, as
a branch from the general lava-conduit of the mountain. But it is relatively
small, and its liquid lavas consequently may soon become chilled by the
cold rocks about it; and hence such lateral or subordinate volcanoes have
They, however, often work hard during their
usually a brief existence.
short life, and even in two or three weeks may make a cone many hundred

feet in height.
Such cones occur about the sources of great eruptions; but they are most
common near the seashore, where subterranean fresh waters most abound
for the supply of moisture, and where the sea is at hand as another
or tufa-cones, but are most
source.
They may be either cinder-cones
The volcanic origin of such
seashore.
likely to he the latter if near the
cones can be proved by the pericentric arrangement of the materials con
its broad waves and the aiding winds, can
stituting them. The sea, with
make heaps or ridges out of the sands existing or produced on its borders,
but it cannot arrange the layers of sand or eamth pericentrically into a
DANA'S MANI'AL - 19
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But volcanic cinders or ashes are often carried by the winds to
great distances, and when abundant, make extensive deposits with horizontal
bedding; and such deposits may, in extreme cases, reach a thickness of hun
conical hill.

dreds of feet and bury forests.
Where small cones have been mostly removed to their base, they may
show a central cone of lava-the lava that in its active state was the
source of the ashes, and. around it more or less of the ejected ashes or lava.
Such places have been called "volcanic necks."

earlier lava-streams of a great volcano much thicker than the later.
up the valleys of Tahiti (Fig. 161), the thickness of the lava
found by the author to increase from 10, 20, and 30 feet along
00 and 1000 feet, five or six miles in the interior; and in Kauai,
These
of the Hawaiian group, the same general fact proved to be true.
great volcanoes appear to have poured lavas out copiously at their com
In what geolog
mencement, and to be now in a greatly dwindled condition.
ical period the Tahitian and Hawaiian volcanoes began to flow is unknown.
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(ci) The
On going
streams was
the coast to

(e) The interior of the volcanic mountain before and after extinction. -In
times of activity, a great volcanic mountain has within it a column of liquid.
lavas, the lava-conduit, which may be two, three, or more miles in diameter.
During the long period of activity the heat of the column spreads far into
the adjacent cooled lavas, occasioning in them a more coarsely crystalline

condition than that of the modern lava-stream.
At the extinction of the volcano, if the ascensive force continued to hold
the summit of the lava-column to its high position, the enormous liquid mass
would have cooled. with extreme slowness, and become throughout more or

less crystalline. The nearly vertical face of the central peak of Tahiti, 3000
feet or more in height, as seen by the author from a summit near by (page
180), was found to be without any trace of layers; it was just such a con
tinuous mass from the top down, as the cooling of a lofty, central lava-mass
would have made.
And rounded stones of a coarsely crystalline granite
rock, found along the bed of the stream six to eight miles up one of the
valleys, appeared to be evidence as to the crystalline structure of the central
peak, sustaining the principle as to the connection of grade of crystallization
with rate of cooling.
(D., 1839.)

Extinction is a consequence of a withdrawal of heat, or failure of the ascensive action.
But the circumstances attending it may be various. A general collapse or down plunge
of the summit at the eruption may leave a crater 2000 feet deep, as in the case of lialea
kala in east Maui, or a collapse may fail to take place at the final eruption, through a
as
gradual decline of heat within, and the mountain hence be left without a visible crater,
with
the
is true of Mount Kea. E. D. Preston has proved, by gravity determinations
pendulum, that 1-laleakala below its crater is solid, the gravity found being 27, and that
Kea in its upper part, giving 21, is hollow. The same evidence has indicated that the
volcanic mountains of Ascension Island, St. Helena, and Fujiyanut in Japan, are hollow,
densities of F6, 19, and 21 having been found severally for the masses of these moun
tains; and by the deviation of the plumb-line of only 7 or 8 seconds by Chimborazo, it is
believed to be indicated that this mountain also is hollow. Preston obtained for the lower
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part of Mount Kea the extraordinary density of 3-7, for which volcanic science has as yet
no explanation.
1-laleakala ended its work in throwing up over the bottom of the
great crater many
cinder-cones 500' to 000' high, and Mount Kea
out
its
life
in
gasped
making similar cones,
but as summit peaks.
Extinction, besides being due to a downward withdrawal of the conduit lava,
may
take place in consequence of the cooling of these lavas from the outside, when in contact
with the solid rocks. The supply conduit of Kilauea has
probably been as large in cross
sections as the crater (page 270) ; and perhaps much
larger, this being suggested by an
outside range of bluffs on its north and northeast side. It may be as large now; but the
confinement of the recent eruptions to the basin, I-Ialemaumau, in its southwestern part,
suggests the possibility that cooling has already reduced it to less than a third of its former
size. The reduction may, however, be restricted to the upper portion of the conduit; in
which case it may regain its former size at another great eruption. At Vesuvius, the
modern active cone is partly surrounded by the walls of a former crater, of far wider
extent, called Soinma; and the relative sizes of the modern and ancient craters probably
indicate the amount of contraction that has taken place in the lava-conduit. Teneriffe
and some other large volcanic mountains have extensive amphitheaters marking the limits
of the ancient crater, and a cone of relatively small size within it representing the later
condition of the fires.
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7. Explosive eruptions. - Besides the ordinary eruptions above described,
there may be, in all kinds of volcanoes, true explosive eruptions.
The
projectile action within the crater in such an eruption, instead of ceasing
at the commencement of a discharge of the lavas, as described above,

becomes at once enormously increased, and projectile discharges of terrific
violence are produced, with destructive shakings, violent thunder storms,
and copious cinder-ejections over a wide reach of country. The stones
thrown out are often of great size. At one such eruption in 1883, that of
Krakatoa, an island off western Java, the finer ashes ascended 0,000 feet,
and are supposed to have been carried around the world, and to have
caused the red sunset-glows of the aiitunin following. The end came as
suddenly as the beginning. The eruption began early one morning, made

day into night by its gray and black cinder-ejections, and left the sky clear
Another
by the close of the next day. No outflow of lavas took place.
such eruption occurred in the Tarawera region, New Zealand, in 1886.
The eruption was of extreme violence, yet it was ended, and the ashen sky
cleared, in six hours. But it destroyed villages and their inhabitants, and
deluged with mud-eruptions the beautiful geyser terraces of the region.
Kilauea had such an eruption in 1789 (or about that time). The borders

of the crater for one to two miles in breadth, especially to the south and
southwest, are covered with the blocks of lava (some of 100 cubic feet),
scoria, and ashes of the eruption, and a larger region with the finer material.
For such explosive eruptions water in large volumes must gain sudden
access to the interior of a lava-conduit, -that is, to the liquid lavas of the
lava-column; for the projectile force of the abruptly generated vapors is
enormous, and all is quick work, as in an explosion. The stones ordinarily
come up from the throat of the volcano, the region of hot rocks; and this
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origin is sometimes proved by the crystalline structure and minerals of the
rocks. It is probable that other islands of the Hawaiian group have suffered
from still greater explosions; for, as the accompanying map (Fig. 257) shows,

Oahu consists of portions of two mountain-cones.
The larger part of the
eastern cone - the one of most recent extinction - must have been broken off
and sunk. A vertical wall over 20 miles long marks the course of the fract
ure.

tion.

Its highest point is over 3000 feet high after long exposure to clenuda
Molokai bears evidence of like catastrophic experience.

The conglomerates made by volcanic ejections contain angular fragments,
and never consist chiefly of rounded pebbles or stones.
257.
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Explosive eruptions of another kind, which might be styled semi-colcanic,
are included among described volcanic phenomena. In such eruptions water
in large volumes gains sudden access to the heated depths beneath an extinct
or nearly extinct volcanic mountain through fractures or movements along
planes of weakness, as in other cases; but the heated depths are not hot
enough for fused rocks. The consequences are earth-shakings; explosions
from the suddenly generated steam; the rending of rocks in the deep
seated region of the explosions; projectile action throwing time stones and
great rock-masses so made, and the dust from abrasion, into time air and over
adjoining region, attended by vast and violent effusions of steam,
making darkness and terrific storms about the mountain ; - and not outflows
of lava nor the projection of volcanic ashes and scoria from cooled lavas.
the

HEAT.
No liquid lavas are in any way directly concerned, and hence the eruptions
are only semi-volcanic. Their violence may cease in a few hours.
The eruption at Bandai-.san, Japan, in July, 1888, was probably of this kind. The
volcano had been extinct for low years. In an hour after it burst out the ash-shower
had mostly passed, the PitellY blackness changing so soon to dint twilight ; and in 5 hours
all was ended. Kikuchi, who describes the eruption, states that no evidence appeared that
liquid lavas contributed to the ejected iiiatcrial, or to any of the results.
The blowing off of the Sunhluits of volcanoes has been attributed to explosive eruptions.
Steam has little expansive power after it escapes into the open air. It expends its energies
in work where generated, as in a steam-boiler. Where large open craters exist, the volcanic
peaks about it would be little moved by the explosion, except through undermining and a
collapse. But if the old mountain had been much denuded, and was essentially solid to
its summit., an explosion within it might widely scatter the fragments, besides making
great excavations at the center. The stones hurled from Bandai-san are said to have
struck the trees, on descending, at an angle of about 300.
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4.

Work of the Spent Vapors and Waste Heat of the Volcano: Fumaroles,
Ovens, Solfataras.

While the chief part of the spent vapors and heat of the volcano go
directly from the boiling or discharged lavas into the air, a portion escapes
through fissures about a volcano or a volcanic region. They thus make
the greater number
(1) fanwroles (so named from the Latin /).imus, smoke),
of which open upward directly into the air, but some into cavernous places
in the crater or in lava-streams; (2) .s'olfatcers (so named from the Italian
solfo, sulphur), which are made up of a combination of steaming fissures, and
cover large areas with the results of decomposition and deposit from the
Fuiuaroles are common about the walls of active craters
escaping gases.
and the courses of lava-streams, and the escaping vapors may have all tem
lava to 212° F. and below. But
peratures from nearly that of the liquid
solfataras are usually more remote from the center of volcanic action, and
extinct craters; and consemay occupy regions of long-quiet or essentially
quently the vapors have a lower temperature.
Vesuvius has its t1nrol('.; but the solfitara of the region is to the west
of Naples, over the extinct volcanic region of the Phlegra.an Fields. Kilauea
has fumaroles or steaming fissures along its walls and some of large size just
west of the Volcano House; and but a few rods northwest of the same house
Both fumaroles and solfataras derive accessions
there is a solfatara region.
to the vapors from descending waters supplied by rains, and some of the
fissures afford only odorless steam.
The rocks (solidified lavas), acted upon by the volcanic vapors, consist mostly of
silica, alumina, potash, soda, lime, magnesia, and iron oxide; the presence of potash
with little or no soda distinguishes those of the third class (p. 73), and the near absence
of potash, those of time second and tirst classes.
The chief vapor or gas coming directly from the lavas is, in all volcanoes, sulphurous
acid (So..); and with it way be hvclrogeii and nitrogen. At Vesuvius, chlorine is given
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out, which becomes hydrochloric acid as it leaves the liquid lava, and is evidence, as has
been stated, that sea water aids in the action of that volcano.
Through the sulphurous acid (SOs), sulphur and various sulphates are made; e.g.,
alums by combination of sulphuric acid (SO3) with alumina and potash or soda; and
260
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26

258-266.
2b,,

Lava stalactites: Figs. 258-260 (i); 261, stalagmite (i); 262,
263, portions showing exterior surface () ; 2134, 265, sections,
ehowing inside cavities; 266, transverse section (4). E. S. Dana.
gypsum (CaO.SOs + 2 aq) by combination with the
lime, as well as Glauber salt or sodium sulphate
(Na.40. SO3. 10 aq) by combination with the soda
and also potassium sulphate (1(2(i). SO3) by combina
tion with the potash. Glauber salt and gypsum are
common about the fuinaroles and in the caverns of the
crater and lava-streams of Hawaii, and the aluminum
salts or aluins with some gypsum, at Vesuvius.
Besides these, numerous chlorides occur in the
Vesuvian futnaroles ; e.g., common salt or sodium
chloride (NaCI), iron chloride (Fe('l1), and potassium,
-till iiiontuill, copper, manganese, and other chlorides.
Magnetite (Fe304) and hematite (Fe003) are also
fuwarole products. At Vesuvius the crystals of these
iron oxides are attributed to the reaction of the steaiii
on the iron chloride. Deville and Fouqu also report
hydrogen and hydrocarbon gas as given out at Torre
del Greco in 1861. The hydrocarbon gas could well
come from organic materials taken in with the sea
water.
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The destruction of fissured lavas goes (in in connection with the action f stcalii and
other volcanic vapors ; and iii sulfataras theu rocks become reduced over large areas, to
whitish and yellowish earth, passing to red from the presence of iron oxide. Silica is, to
sOIIIO extent, set free ; orthoclase, is reduced to kaolin and nearly all the mineral species
present are decomposed.
On Hawaii, the effects of spent vapors have their climax in the empty
tunnels made by a flowing lava-stream (page 2S7), in which the liquid lavas,
as they vacate the tunnels, leave vapors that have at first the extremely
These tunnel-like caves in the lava-stream
high temperature of the lavas.
of 1880-Si, near 1-lilo, are hung
30 inches long (Figs. 258-260, .

places with slender lava stalactites 10 to
natural size), each having its stalagmite
(Fig. 261) below it ; and they consist of the same material as the lava
(labradorite and augite), in the same rock-like condition, and also have
crystals of these minerals, and of magnetite and hematite, in their many
cavities. The chrysolite is the only mineral omitted in this remaking of

basalt in .s'talaetitie form b!/ the liiqhhi heated vapors.
(Similar stalactites
occur also in Kilauea.)
Figs. 262, 263 represent portions of stalactites en
the
lines
of growth (?) over the exterior, and 264, 265, the
larged, showing
same with interior cavities; Fig. 266, a section of a stalactite having the
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usual delicate tabular crystals of labradorite, characterizing basaltic lava,
w'tli
i
augite (the clear spots), and the magnetite in dendritic forms. The
figures are from the description of Hawaiian rocks by E. S. Dana in the
author's work on volcanoes.
5.

Distribution of Volcanoes.

Volcanoes, now mostly extinct, occur over the border-regions of the
continents,-that is, the regions between the oceans and the summit of the
border-range of mountains, as between time Pacific and time eastern limit of
the summits of the Rocky Mountains; in the continental islands, or those
near seacoasts, as on the western border of the Pacific; in oceanic islands,
are throughout volcanic,
nearly all of which, excepting time coral islands,
and the coral islands have probably a volcanic basis. Volcanoes are most
numerous along time borders of the larger ocean, the Pacific, - the mainland,
or the islands near by, abounding in theni on the east, north, and west, and,
to some extent, on the south in the Antarctic seas. They are numerous also
in the seas separating the northern from the southern continents, namely,
the West Indies, between North and South America ; time Mediterranean,

between Europe and Africa; the Red Sea, between Asia and Africa; the
East Indies, between Asia and Australia,,-the whole together making a
Few exist on the borders of
transverse vo]eaIIic belt around the globe.
the Atlantic, and these few in the West Indies and in the Caineroons Mountains oil the coast of time Gulf of Guinea. Over the interior of continents,
remote from the regions mentioned, they are almost unknown.
1. Over the. Pacific. -The linear arrangernelit of the islands of the Pacific, explained
on page 39, is the linear arrangement of volcanoes. Active volcanoes occur in the Hawaiian
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group, of the north Pacific; in the west central part of the south Pacific, at Tanna and
Ambrym of the New Hebrides, Tofua, Lette and Auiargura of the Friendly Islands, and
Tinacoro in the Santa Cruz group; and in the western north Pacific, among the Ladrones.
2. Borders of the Pacific. - Volcanoes range from Fuegia northward at intervals
- that of Aconcagua, 23,000' high ; 7 or
along the line of the Andes ; 32 of them in Chile,
8 in Bolivia and southern Peru, - Areciuipa, 18,877' ; 19 or 20 about Quito, nearly all
over 14,000' ; and among them Cliimborazo, 20,498' ; Autisana, 18,880'; Cotopaxi,
19,660 (by barometer, Dr. Reiss, 19,613' Whyniper) ; Piehincha, which has a crater 2500'
deep and 1500' wide at bottom. Farther north, in Central America, there are 39, about
west-southwest in course, and beyond is another line of 7 large cones in Mexico.
In California, from Lassens Peak in the northern extremity of the Sierra Nevada, or
rather the southern of the Cascade Range, a grand north and north-northwest hue begins,
containing cones 10,000' to 15,000' in height, consisting, as described in 1833 by Hague
and Iddings, of andesyte, dacyte, and basalt lavas, but chiefly of the former. Lassens Peak
consists mostly of dacyte (quartz-andesyte), but with some quartz-basalt, as described by
DiRer, and is 10,437' high. Mount Shasta, in northern California, has a height of 14,350';
in the view from the westward, there are two summits, time southern the principal one.
In Oregon, 75 miles north of Shasta, stands Mount Pitt, a cone 9718' high; 150 miles
beyond, Mount Jefferson ; approaching the Columbia River, Mount 1-loud, 11,225' ; and
north of the river. Mount St. Helens, about 12,000', Mount Adams, 0570', Mount. l'acoma
(or Rainier), 14,444', and Mount Baker, 10,755', in Washington. Of these, Mount Baker
was in action in 184:3. At the eastern foot of the Sierra Nevada, near Lake Mono, are
cones, and others occur on the plateau region of Oregon, Washington, and beyond.
The summit of the Rocky Mountains has also its volcanic peaks, and among them,
in the Yellowstone Park, there is the extinct volcano, Mount Washburn, to the north,
9000' high, and Mount Sheridan, to the south, 10,200'. The rocks and volcanoes of the
Park have been described by Hague and Iddings. The Spanish Peaks in southeastern
Colorado, according to R. C. Hills, are laccolithic cones, instead of volcanic.
Between North America and Asia there is a festoon of 21 islands with volcanoes,
in the Aleutian Islands. Along the Asiatic coast to the East India Islands, there are 15
to 20 in Kamchatka ; 1:3 in the Kuriles ; 25 to 30 in the Japan group; 15 to 00 in the
Philippines; several along the north coast of New Guinea; and a number in New Zealand.
Far south, on Antarctic lands, in 77° 46' S., 170° 45' E., Mount Erebus, 12.400' high, which,
in 1842, when discovered by Captain Ross, sent up dense, lighted vapors and cinders in
successive jets, 200' to 300' in diameter, to a height above the crater of 1500' to 2000'; and,
standing near it, the extinct Mount Terror, 10,900' high. South of Cape horn there are the
volcanoes of Deception Island, with its hot lake, and Bridgeman's, near 62 '.° S., in the
South Shetlands.
3. In the Indian Ocean. - A few volcanoes exist in Madagascar ; also others, on time
Isle of Bourbon, Mauritius, and the Coinoro Islands, and, to the south, on Kerguelen
Land, etc.
4. On the western border of the Indian Ocean. -Time lofty peak, Kiiima-Njaro,
18,500', near 3° S., and 87° E. is volcanic; also Ruweuzori, 12,000' to 13,000', in 3°
N., and 30° E.; and Mount Gordon-Bennett, just. south, 16,000'.
5. Over the seas that divide the northern and southern continents from one another,
and the regions ü their vicinity. - Volcanoes occur in (a) the West Indies, where 10
islands are volcanic ; (I') the Mediterranean and on its borders, as in Sicily and the islands
north, Vesuvius, and other parts of Italy ; Spain, ( erIiiany, etc., in Europe ; the (rcciaIm
Archipelago, which contains 6 volcanic islands, - Santorin, Milo, Ciiiimlns, Polenos, and
Minyros ; in Asia Minor, where are the Catacecaumene and other volcanic re.-ions; and,
more to the eastward, toward the Caspian, Mount A i'arat, 16,950' high ; Little Ararat,
12,800'; Demavend, on the south shore of the Caspian, 21,770' ; (r) the ]led Sea, along
its southern borders, where there are a number of lofty volcanic summits; (i/) the East
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Indies, where there are, ...Ot) or more Volcanoes, if whichi there are
nearly .l) in Java alone
(according to Dr. .1 ungliulin) , and 28 out of the 30 now active, nearly as many in Suimïa
tra, lOt) in the small islands near Borneo, and a number in the
Philippines, etc.
6 On the borders of the
_.l
i
j
of Benin, on the African coast, where a volcano in the (anlerolis Mnimitajns i said to be 14,001)' high ; and oil
the neighboring islands, froiti Fermiunlo I'o to An nahuti.
7. On the borders 't the North Atlantic. - Nofle on time western 1fl)l't Ik of the West
Indies.
)fl the eastern, there are ext intl. vulcamioes in the Auvergne in central France,
time Eifel in Prussia, and of past geological ages in (,t-eat. Britain.
S. in thc' 1 t1i tie Oeev n. - St.. I helena, Ascensi n, 'l'risl an d' Acunija, the. ('ale
Verd, Canaries, Matleira, A ZOFeS, Iceland, and .Jan Mayemi are volcanic. All the islands
of the deep part of tile oeeaim (that is, not. on the European or American borders) are
volcanic.
'[he number of active volcanic vents in the world is about 300. Of these,
five sixths, or about 250, are within or on the border of the Pacjhc basin.
there being about 14$ on the continental islan(ls between New Zealand and
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Alaska, 45 on the borders of North America (Central America included).
3T iii the Andes, and 20 on Pacific oceanic islands.
rililose within or on time
liorders of the Atlantic basin are 39 in number : 13 of theiii in Iceland or
near the Arctic circle, 3 in the Canary Islands, 7 in the Mediterranean, 6 in
the Lesser Antilles, and 10 in the Atlantic. oceanic islands. The ludjait
Ocean contains but 3, and the Antarctic Ocean only 2, so far as now known.
'fh proportion of active volc.aiioes to the total lluuhl)er UI voieaiiie
regions varies indefinitely. In the Hawaiian group it is about 1 : 5 ; in
the .Japan Islands, where the total number is about 95. the ratio is 1
Islands, out of a total of 49 there arc 1
Marquesas, Taliitian, St1flOafl, and Fijian groups ul the
extinct.
in the K urile

active ; iii the
Pacific all are

NoN-VoLcANic IGN EOTJS ERUPTIONS.
1. General (le.c17))Iion. - The e3ectui]i of melted rock through fissures,
making dikes and outflows, is essentially the same iii result whether the
or to iion-volcaiiie. The
ejections are due to distinctively volcatije action
chief difference in method is that the volcano has a localized center, aiid is
pericentric in its work ; that is, it has a crater i \vhiieli pi'oectile work is
on-volcaitic
carrie(l forward at intervals between eruptions, whereas il
outside work until a new and
election, when cOm}}leted, is the end of the
Sonic reference to a center in time geuera.l
independent fissure is opened.
there is iioiie for escaping vapors.
fracturing may, however, be a fact where
Conimonlv, fissures are iii long lines, or series of hues, and often, also, in
approxiniatehy parallel series.
For time Ought of large deposits of roieanie ashes oi" eili(1(I's, it. is umiust pr.hlabie that.
there has been a center of activity ; for such ejections depend on escaping gases, rising
and exploding in ebuilit.ion stvle, amid for this kind of projectile work amid its continuance
long enough for thick beds, one or inure centers of activity appear to be mmecessarv. 'l'lme
action may be brief, as in an explosive eruption. Stones rounded by wear seldom appear
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among such projectile material, unless water has aided in the deposition. Projectile
work throws out angular fragments broken off from the rocks that. adjoin the vent. If the
vent ascends through non-volcanic rocks, fragments of these rocks may be distributed
along with comminuted igneous material, but they could hardly be a predominant part of
the mass.
2. Rocks.-The rocks of non-volcanic outflows are the same in kinds
The more scoriaceous lavas are usually
with those of volcanic origin.
absent, but vesicular kinds are common. The moisture producing vesicula
tion, and sometimes a general hydrous condition of the rock, may be either
that of the deep-seated igneous source, or that of waters taken in. on the way
to the surface; for the latter method of receiving moisture,-that by molecular absorption, if a principle in volcanic phenomena (page 278), will be
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as much so in non-volcanic. Among the ejections of a system of fissures,
those that have come up through sedimentary strata may, or may not, be
rendered hydrous, while those intersecting impervious metamorphic rocks
are generally anhydrous, with no trace of vesiculation.
Owing to such sub
terranean sources of moisture, igneous rocks are sometimes hydrous through
out, and consequently feeble in luster and wanting in durability. In a
similar way, the ascending melted rock sometimes gathers in bituminous
materials from carbonaceous shales, and puts them into the vesicles.
Igneous rocks are sometimes divided into those of deep-seated origin
related. in character to granite, syenyte, and the like (called platonic. first by
Lyell), and other igneous rocks and lavas. But it is a false distinction; for

granite is no more of deep-seated origin than other igneous kinds.
3. The ejections, making dikes and suificial streams. - The ejected rock
may fill a fissure, or but partly fill it. On the other hand, it may flow out of
a fissure in a stream over the surface of the country, covering the exposed
rocks or soil. The part of the flow within the fissure is a dike, whether
there is an outflow or not. Fig. 219, on page 262, represents a dike with
a surficial stream.
feet or
(a) Dikes.- Dikes vary in width from an inch or two to 300
more, and in position from vertical to horizontal, and, as already explained,
The smallest are
are usually, unless quite small, transversely columnar.
branches from a larger ; for an inch-thick stream could not flow far between

cold rocks. They often have irregularities and interruptions which are due
to a faulting of the rocks intersected subsequent to their formation, and
others owing to a shifting of the position of the walls of the fissure
before it became filled. But, further, there may he, before the flung, a
tumbling in of one wall, or the other, of the fissure, especially when the
fissure is much inclined and the intersected rock a weak one.
On the following map, two trap (likes, of the region near New Haven,
Conn., are represented (inclosed by dotted lines), which are divided into

short parts, owing to the caving in of the overhanging wall.
The Pine Rock dike consists of four such parts (A,B,CC,D), and Mill
Rock of three (AA,BB, to "Peak" and C). The inclination of the dike of
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Pine Rock is 35° to 400 from a vertical, and that of Mill Rock, 22°. East
Rock (in which the surface of trap is widened
by a short westward outflow)
owes its subdivision into short, blunt
parts (A,BB',CC'C'çDD) to the same
cause; the dike has a dip of 45°. The weak sandstone walls of these dikes
were at least 4000 feet in height, and a downfall of the
unsupported wall was
a natural result.
The same cause opened an escape fissure to
(D., 1891.)
the north of Mill Rock, at D.
267.
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Map of trap dikes, near New Haven, Conn.; figures give heights above sea level. D.
The rock of the outer portion of a dike, besides having the fineness of
texture and cracks due to rapid cooling, may be soft from alteration, or
may have a stratified appearance parallel to the walls, as in Figs. 268, 269;
or parallel fissures occupied by some infiltrating mineral; and occasionally

they are vesicular.
(b) Surficial streams. -The most extensive of nearly horizontal igneous
outflows - that of the Deccan, India - covers an
268.
269.
area of 200,000 square miles and is of the age of the
It reaches
Cretaceous and. early Tertiary periods
from the seacoast at Bombay to the railway station
-z
f
at Ngpur, 519 miles.
It was thickened by succes- - - -.___
iV* ----8
sive flows until 6000 feet thick near Bombay, 2500
feet in Cutch, 2000 to 2500 feet at its southern

limit; to the northwest in Sind and to the southeast, Dikes with the columnar ;true.
ture along the sides imper.
the thickness is only 100 to 200 feet.
(Blanford.)
feet.
Western North America, while remarkable for its
great volcanoes, is no less so for its non-volcanic rock-floods; for these cover
continuous region stretches from
nearly 100,000 square miles. The largest
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the Yellowstone Park down the Snake River region. It spreads north over
Oregon and Washington. There are many other areas over the Great Basin,
to the south.
No cones exist as centers of these floods of lavas, but to the

In the Great Basin the
west are lofty volcanoes of the Cascade Range.
lavas of the areas are commonly rhyolyte.
The two following figures are examples of surficial outflows and of parts
of Table Mountain, Cal., which resulted therefrom through denudation. The
melted rock flowed over the gravels and river-beds of the country, and thus
obliterated the old surface features. Subsequently erosion by waters, cutting
through the igneous layers, and then through the easily removable beds
beneath, left a flat-topped elevation. Such "table mountains," or mesas, are
270.

271.

INo 0, 1
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Sections of Table Mountain, Tuolumne County, Cal.: 270, at Maine Boys' tunnel; 271, at Buckeye tunnel.
J. D. Whitney.
common in California, Arizona, and some other parts of the Rocky Mountain
area. These fissures, as explained by Whitney, show the old, now buried, river
valley (cut out of tilted Sierra schists, d), holding in the river bed (at a, a
auriferous gravel, and, above, finer fluvial deposits (c), which often are

partly volcanic ash, and sometimes contain silicified stumps and logs; and,
over all, the cap of basalt (b); by is part of the outline of the adjoining
" of such old
modern valley.
Tunnels (t) are made through the "rim-rock
valleys to reach the gravel, the gold being collected in these bottom depo.its

because of its weight.
A stream of melted rock usually hardens more or less the bed of sedi
mentary rock over which it flows; or it bleaches, blackens, or otherwise
changes it. Should it change, in like iiianner, an overlying bed, this would
be evidence that the stream was not surficial but interstitial ; that is, an
intrusion between two layers. The hardening effects often fail, however,
because there was no moisture present; for dry sands cannot be hard baked.
Moreover, coarse pebbly beds are consolidated more readily than shales,

because they let the steam, that may be generated from moisture, pass
through them, when the fine earthy beds do not. Hence the latter may
show little or no evidence of the heat. On these changes see further under
Metamorphism, page 312.
4. Interstitial outflows.-The intrusion of the melted rock of a fissure

between the layers of the stratified fortitation it intersects may be either
a simple gravitational flow; or a forced flow.
(a) The melted rock will naturally flow from a fissure into any opened
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space that may offer a way of escape; and it may thus put layers of its own
material into the stratified series.
(b) The lava of a fissure is always forced along by pressure from below;
and if the fissure fails to reach the surface, the ascending stream may open
a space for itself by lifting the overlying beds, and accumulate in great
mimasses in the chamber so made.
An intercalated mass of igneous rock fornieci in the latter way is called,
by U. K. Gilbert, a iaccoiite, from the Greek for lake, because it is a lake-like
expansion of a stream.
(As the termination ite is that used for a mineral or
rock, the forni iaccoiith, like that of monolith, is to be preferred.)
The
thickness depends somewhat on the fusibility of the rock, the more fusible
kinds making extended masses or sheets, and the less fusible producing
thicker and more bulging forms.
The Henry Mountains in southern Utah are of laccolithic origin, and
they are those to which the term was
27.
first applied by Gilbert. The following
figures are from his memoir (1877).
greatest thickness of the strata
bulged upward by the lifting lava, in
the manner illustrated in Fig. 272, was
about 10,000 feet; and the height of the
laecolitliie dome in some cases is over
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The

3000 feet.

Fig. 273 represents an actual
Ideal section of a laccolith. Gilbert.
laccolith, called Juices Butte, completely
stripped of its inclosing strata and deeply gorged by denudation. The rock
is and.esyte, a rock less fusible than basalt; and the breadth of the mass is
consequently only three to seven times greater than the height.
273.
/

r

Jukes Butte, a denuded laceolith, as seen from the nortbwoBt. Gilbert.
The sandstone adjoining is
From the laccolith rise dikes of audesyte.
to
a
depth of a foot or more. The
usually more or less altered by the heat
chamber occupied by the laccolith was in all cases made along a shaly layer
in the formation where the cohesion was least. They occur at different
levels in the strata, and the one lowest in geological position is 4500 feet
below the level of the highest ; the former is between Carboniferous beds,
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and the latter between Cretaceous; and over the Cretaceous lie Tertiary
beds.
It follows, from the conditions represented, that the asceusive thrust of
the lava was so powerful, that in spite of friction along the passage and the
density of the lava, it flowed upward for an unknown number of miles to the

laccolith level; and then had energy enough left to lift, in the case of the
laccolith lowest in geological level, a mass of beds 10,000 feet or more thick
and 2.25 in average specific gravity (equivalent in pressure to 675 atmos
Some accession to the force, however, may
pheres) to a height of 5000 feet.
have come from vapors derived from subterranean moisture, or from waters
274.

276.

275.
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

'Ic

277.
f,l17
UTf
JJ

T71-117,
I TTU
I
,'
!p1(l,!
T,

/
/
274, Ideal outflow of the main East Rock dike; 276, actual outline of trap in th. same, with an eastern
pupplementary dike; 278, same In a second East Rock summit, called Indian Head; 277, upturned sandstone
(with talus covering part of It) underneath the trap of West Rock along a transverse section. D. '91.
laterally into a chamber widened the area of pressure, and thus enabled it,
on the principle of the hydraulic press, to accomplish the lift by very slow
steps of progress.
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Among the trap-ridges of the Connecticut Valley, East Rock (page 298)
is of laccolithic origin. The
supply-fissure for East Rock dips eastward at
about 45°. The liquid rock on
passing up the fissure between the sandstone
walls, whose beds also dip eastward, but at an
angle of 20° to 25°, forced a
westward
between the beds of the sandstone, and made a mass of
passage
to
200
250
feet
or more in thickness, and about 300 yards in breadth.
trap
It is known to be laccolithic by the fact that the sheet of
trap keeps its
thickness quite to its extreme western limit, instead of thinning by
gravity,
like a surficial flow, and that it has also a rising
slope throughout. The
section, Fig. 274, represents the intrusion of trap, from an oblique fissure,
between layers of sandstone, in laccolithic style; and the removal of the
overlying sandstone would give it a general resemblance to a section of East
Rock. But in East Rock, and also in West Rock, of the same region
(see
map, page 299), the trap of the outflow rests on the edge of upturned layers
of sandstone, and it has less dip than the sandstone. The condition in East
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Rock is shown in Fig. 275, and that in a second summit of the East Rock
Ridge, in Fig. 216. Fig. 277 represents part of a long exposure of the up
turned sandstone in the south front of West Rock - a transverse or east
and-west section of the Rock. Above the sandstone, only the basal portion
of the columnar trap is shown in the figure, and below it, a talus of fallen
stones and earth.
The forced laccolithic flow of the liquid rock under its
cover
of
sandstone
must have caused the abrasion of the fragile
heavy
underlying beds.

In some cases in the Connecticut Valley, portions of the sandstone and trap, at the
contact, occur rolled into rounded forms, and make part of an intervening layer between
the trap and sandstone. The resistance produced by the weight of sandstone above fre
quently caused the opening of parallel fissures, for the escape of the lavas; and the rock
of these outflows is often amygdaloidal, when the rest is not, owing to the accumulation
of subterranean waters produced in consequence of the damming by the descending dike.
UNSOLVED QUESTIONS ABOUT IGNEOUS PHENOMENA.
Origin of the ascensive force. -The ascensive force in the volcano
has been attributed to (1) the expansive action of moisture from the deep
seated source of the lavas; and (2) the gravitational pressure of the con
tracting crust of the globe, forcing up the lavas; and some of the very deep
depressions in the ocean's bottom near volcanic islands are thought to favor
the latter theory. In view of the fact that the central part of a lava column
should be the hotter, it is queried whether there is not, owing to the
ascending vapors, a more rapid rising along the center, and a consequent
1.

descending along the sides of the conduit.

The facts afforded by Kjlauea indicate that the upward movement in a lava column,
as a consequence of the ascensive force, is very slow - 360 feet in 6 years being the
maximum observed (page 280). It appears also to follow from the facts, as stated on
page 276, that the force in the conduit varies with the amount of moisture received from
descending subterranean waters. Daubrée, whose experiments on the perforating power
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of vapor on rocks when suddenly developed along an opened crack (1890, 1891) are re
ferred to on page 278, attributes the first opening of the conduit tube of a volcano to such
action of vapors.
2. Source

of' igneous fusion. -It was formerly believed that the
earth's liquid interior, or else a liquid layer beneath the crust, or isolated
liquid areas in place of a liquid layer, supplied the liquid rock of volcanoes.
Now it is generally held that the earth is solid within, but that below a thin
exterior there is a temperature just below that of fusion, and that actual
fusion results whenever subterranean pressures cause movements and thus
develop heat. It is also urged that the removal of surface pressure might

cause fusion, since lessening pressure lowers the melting-point.
In this
fusion
takes
without
of
in
increase
heat; but
the preceding,
process
place
there is augmented heat of dynamical origin.
Believing in the earth's igneous fluidity, Bunsen, in 1851, put forth the
theory that within the crust the earth contains an acidic layer chiefly of
orthoclase and quartz material and with a mean percentage of silica of 7667;
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below this a heavier basic layer in which the mean percentage of silica is
but 4748; and that igneous rocks are from one or the other of these magmas,
or from mixtures of the two. Riehthofen in his "Natural System of Volcanic
Rocks" (California Acad. Sd., 1868), after a study of the rocks of the Pacific
border of the United States, announced as the order of eruption in igneous
regions: propylyte (since shown to be andesyte), andesyte, trachyte, rhyolyte
(quartz-traehyte), basalt - basalt being the latest -when present with the
others.
More recently, Iddings has concluded that the different kinds have arisen
from local differentiation of a common magma; that the first that appears in a
region is usually one having the mean composition of the series in that region,
and that the last is a rock of one or both extremes, that is either rhyolyte

(quartz-trachyte), or basalt, or both; also that in each case the portions of
the magma that are latest to he extruded are the solvent for the other portions.
A. D. Hague has found, in the Leadville region, the succession in the

ejected rocks to be (1) andesyte, (2) dacyte, (3) rhyolyte, (4) basalt; and he
regards it as the prevailing order.
This order -which is near that of Richthofen - corresponds to a succes
sion from (1) soda-lime semibasic lavas, to (2) potash-bearing or acidic lavas;
to (3) basic lavas: also from (1) those of medium fusibility; to (2) those
of difficult fusibility; to (3) those of easy fusibility or which melt at
the lowest temperature: also from (1) those of medium specific gravity
to (2) those of least specific gravity; to (3) those of greatest specific gravity.
No further physical or chemical explanation for the succession is yet given.
If fusibility is the important principle in determining distributions, then
basalt should generally be, as the facts make it, the last and the uppermost.
Mount Loa shows that specific gravity has little or no importance; for the
heaviest chrysohitie basalts occur not only below, but also at the summit,

although it is nearly 14,000 feet above the sea level.
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THERMAL WATERS, GEYSERS.
The subject of thermal waters constitutes an
important part of Chemical
and
is
here
Geology,
Hot springs are (1) common in
only briefly treated.
volcanic regions, and (2) occur also
along the courses of non-volcanic erup
tions. They are occasionally met with,
away from all igneous eruptions, (3)
on the lines of faults or the axes of flexures, and sometimes
(4) where there
are none of these conditions. The heat in the first two cases is
generally
of volcanic, or deep subterranean,
but
in
the
others
it
origin;
may come
from the oxidation of sulphides, or from other chemical action.
When the temperature is high, the waters
may be either approximately
or
mineral
solutions.
The waters often hold silica in solution,
pure,
strong
whose deposition, over the region around, makes
278.
irregular accumulations of a coarse opal, or rarely
of quartz, and forms low cones or rims about
1
basins
Occasionally, the waters are calcareous,
instead of siliceous, and make calcareous basins
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or cones
The sources of such solutions, and
some of the effects resulting from them, are cx-

I

ANO

"I1~q

--=

explained on pages 131, 13, and beyond
Geysers. - When a spring or basin of hot
Terraces, from the "Pink
water is in nearly constant ebullition, or s alter- Oeyaerite
Terrace" of New Zealand.
nately boiling and quiet, it is simply a hot spring
or basin. But if the water is thrown up at nearly regular intervals, in jets,
it is called a geyser.
Iceland has long been noted for its geysers, and the

theory of geyser action was there first investigated by Bunsen and Des
Cloizeaux.
It has one great geyser in the vicinity of Hecla, among many
hot springs.
The geyser sends up a great jet of 100 feet once in about 30
hours, and other smaller ones in the interval. The Icelandic word means a
"gusher." New Zealand has its geyser region, about Lake Rotomahana, in
the northern island, and had beautiful geyserite terraces until the volcanic

eruption of Tarawera in 1886, when mud eruptions buried them.
Far exceeding either of these regions is the geyser area of Yellowstone
Park, first described by Messrs. Cook and Folsoin in 1870, and by the Hayden
expedition in its volumes for 1871, 1872. and 1878, the last containing an
extended account by A. C. Peale. The region has since boon further
studied and described by A. Hague, J. P. Idclings, IV. 1--I. Wood, aiti othirrs.
The geysers are situated mainly about the Fire-Hole Fork of the Madison,
and near Shoshone Lake at the head of Lake Fork of the Snake.
They

are exceedingly numerous, and play at all heights up to 200 feet or more
and, besides, there are multitudes of hot springs of various temperatures,
the most of them between 160° and 200° F., the boiling-point of the region
being 198° to 199° F. There are also "mud-volcanoes" where steam issues
through thick mud or muddy waters, producing, at times, ebullition, and
at the park is four miles
occasionally geyser action. The principal locality
1)
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Some of the mud
north of Yellowstone Lake, and six from "Crater Hills."
water;
others
are
like
kettles
of
boiling soap; some
pools are simply muddy
or
and
still
others
like
stiff
mortar.
like caldrons of mush
paint,
They vary
the
of
the
season.
have
in stiffness with
dryness
They
generally a circular
pit 10 feet deep, and rise sometimes into a mound several feet above the

general level. All together, the number of hot springs and geysers in this
region cannot be less than 10,000. The hot waters are usually siliceous,
279.
60'

1U

4"

MAMMOTH HOT
SPRINGS
R
Swan
I~N 1

(5

40'

30'

0280

a

10'

20'

I1O'

0
6

AP

\

50

-

C,
/

.p0

MT.WA HBURN.
10 0

50
t

ED

LJy
Falls

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

II
G___

GiM

t
-

Hygeta Spr

/

'

10 ER

ell, -a

71450

go

up
Old Faith It
72 W

..

\/

30

/YELLO
-_ 7741

/

Geyter BtIn

"
774

>

'

9'--i
Hearl

"It

'021

lb

111

-i

50'

40

30'

20'

10'

110

and deposit the silica in the form of a tufaceous or porous opal called gey
serite.
It makes cones and basins of various shapes, and covers the surface
over wide areas. The deposits of the Gardiners River at the Mammoth Hot
one of its calcareous eone, the
Springs are calcareous; Fig. 282 represents
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Liberty Cap," O feet high and 20 feet in diameter; and Fig. i3(, 'n page
132, represents calcareous (traverti)ie) terraces on this river.
One of tin' geysers in the
Upper Geyser Basin of the Fire-Hole is shown
ill action in }ig. 283; the cone
( Fig. 281 ) is but : ft. high and f in diameter,
but it throws up a jet beyond 200 ft. in
height about once a (lay.
In the eruption of a geyser, the
jet is first water, then much steam with
the water, and, at last, mostly or
wholly steam, the water having been all
thrown out; and, when the water
partly falls or runs back into the basin,
the eruption is sometimes renewed
successively, before finally stopping.
280.

281.

282.

Giant Geyser.

Beehive.

Liberty Cap.

The intermittent action is owing (1) to the access of subterranean waters
to hot rocks, producing steam, which seeks exit by conduits upward; (2) to
cooler superficial waters descending those conduits to where the steatit pre
vents farther descent, and gradually accumulating until the comhuit is filled

to the top; (3) to the heating up of these upper waters by the steam from
below to near the boiling-point; when (4) the lower portion of these upper
waters becomes converted into steam, and the jet of water, or eruption.
ensues. This is nearly the explanation given by Bunsen after an examina
tion of the geysers of Iceland. The deposit of silica in the throat of the

conduit, after an eruption, tends to (lilnilush its size, and sometimes closes it
completely, so that the waters are obliged to open a new vent.

The beauty of the silicecnas geyser-Cones is often enhanced by the delicate tints of
pink, buff. yellow. etc., mingled with white, over their surfaces. Pebbles in the bottom
of the Sinai! basins formed about the cones are commonly concretions of gevserit.e, like
"
the rosettes of the bottom and sides. Fig. 280 represents the cone of the (iaut geyser.
in the Upper Geyser Basin of the Fire-hole ; it is about 10 feet high and 24 feet. in 1i
arneter at base, and has one side partly broken down am! bent inward. It. throws out.
''
at long intervals, a jet 1)0 to 200 feet in height. ''Old Faithful is one of the largest of
the Madison River geysers ; it has a low and broad irregular cone, and throws up its great
jet to a height of 150 feet, once in about 05 minutes, the remarkable regularity of its
action having suggested the name it bears. The "Giantes.s." another of the large geysers
of time Fire-hole, throws a still larger body of water to the saute imeiht. Another, the
Architectural '' geyser, is actually, when in action, a combinat in of jti s of various
sizes and angles of inclination, each having some independence in its movements, but all
work in together. awl producing a marvelous effect from the ever-changing views.
"
"
Frank II. Bradley observes that, while standing on the mound of Fountain geyser.
whose pool was overflowing, and watching a steam-jet. a hundred yards away, the jets sud
11
denly ceased, and 11 Fountain commenced throwing up a jet, 10 feet in diameter, to vary-
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eruption. The hot waters are in constant ebullition and have their intermittent jets. Be
sides escaping steam, there is some carbonic acid
given out, and siliceous deposits are
made from the hot waters. Geysers occur also on the island of Celebes, in the
volcanic
region on its northeastern extremity in the district of Maiiado.
IV. METAMORPHISM.
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Metamorphism signifies change: not merely change in form, as might
be inferred from the composition of the word, but also, like the
correspond
ing word metamorphosis, change in nature or constitution. In geology, it is
change in texture, crystalline structure, or mineral constitution; as when a
common limestone becomes crystallized, and
thereby converted into statuary
marble, or a sandstone into gneiss or granite, or an augitic rock into a horn
blende rock, or a massive rock into a laminated or foliated kind.
The terms metamorphic and metamorphism were
proposed by LyeIl in
the first edition of his Principles of
Geology (1831-1833) with reference to
altered rocks of both local and regional extent.
In Vol. III. he says, on page 372: "It appears from sections described
by Hugi, that some of the secondary beds of limestone and slate, which are
overlaid by granite, have been altered into gneiss and mica schist. These
altered sedimentary formations are supposed by M. Elie de Beaumont to be
of the age of the Lias of England, and others to be even as modern as the
Jurassic or Oölytic formations." On page 373 he says: "According to
these views, gneiss and mica schist may be nothing more than micaceous and

argillaceous sandstones altered by heat, and certainly in their mode of strati
fication and lamination, they correspond most exactly."
"Granular quartz may have been derived from siliceous sandstone; clay
slate may be altered shale, and shale appears to be clay which has been
"Granular marble has originated in the form
subjected to great pressure."
of ordinary marble, having in many instances been replete with shells and
corals now obliterated." In the edition of 1842, lie speaks of fossiliferous
formations, some of them of the age of the Silurian strata, as near Cliristiania
in Norway, others belonging to the Oölytic period, as around Carrara in

Italy, which had been converted partially into gneiss and mica schist and
statuary marble.
Among local changes he mentions the case of the basalt
dike in Anglesea, 134 feet wide, cutting through strata of shale and limestone
which were altered for 30 feet from the (like, "having the shale in several
places converted into hard porcelanous jasper, in the hardest parts of which
the fossil shells, principally
argillaceous limestone had
and crystalline." Through
and local origin, have been

Prod uct(e, were nearly obliterated"; "and the
lost its earthy texture and become granular
investigation since, such facts, both of regional

greatly multiplied.
The Taconie region, on the borders of New York and New England,
affords a good illustration.
The rocks are least crystalline in the northern
and the western parts of the region, and consequently fossils were to be
looked for in those parts. They have been found in Vermont down to
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and beyond the Massachusetts line - Cambrian fossils in the sandstone or
quartzyte, and Cambrian and Silurian in the crystalline limestone or marble
belt next west; and a few miles farther west they occur going southward in
limestones and schists for 150 miles to I'oughkeepsie in Dutchess Co., N. Y.,
and beyond. In the more crystalline parts of the same region to the east
ward in Massachusetts, the quartzyte graduates into gneiss and alternates
with mica schists, and the slates change to staurolitic mica schists and
gneiss. The fossils in the Tacouic region were found by A. Wing, Walcott,
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Dwight, Dale, Wolff, and others.

Again, near Bernardston, Mass., and the region northward along the Connecticut
Valley, Crinoids and Brachiopods occur in a crystalline limestone of Devonian age, asso
ciated with hydromica schist, gneiss, granite, dioryte, hornblende schist, quartzyte, all of
one Devonian series, and of synchronous metamorphism. (E. Hitchcock, B. K. Emerson.)
In the Alps, at the St. Gothard tunnel, crinoidal remains occur in calcareous mica
schist (MUller).
In the Apuan Alps, Orthocerata exist in limestone between beds of
gneiss and mica schist (Meneghini). At Brevig, Norway, a Silurian limestone contains
gannets, scapolite, and fossils, and, according to Reuseli, mica schist containing Halysiti's,
Favosites, Cyathop/i.ytinm, ,2lfnrchison Ia, (.alymene, Dalmanites. Schist.s, iii Brittany,
afford andalusite crystals and species of Orth is, Spinier, and (Jalymene, in one and the
same specimen (Boblaye). At Rothau, in the Vosges, in a hornblende rock, corals occur
replaced, as stated by Daubre, without losing their form, by crystals of hornblende,
garnet, and axinite, and among the corals the species Calamopora spongites is quite
distinct.
The rocks that have become changed iuto metamorphic rocks are for the
most part the fragmental rocks, as sandstones, shales, conglomerates, with
the limestones. These, according to their various constitution, have been
changed to gneiss, granite, mica schist, and the several other kinds of schist;
and the limestones to crystalline liinestones; and this change has been the
chief method of origin of the schists. In addition, the many crystalline
rocks, both the metamorphic and igneous, have undergone, to some extent,
related changes.
Under metamorphism might be included the chemical changes in rocks
and minerals that take place at the ordinary temperature.
But these run
down into the common results of decay, and are more conveniently kept
separate.

They have been described on page 118 and beyond.
CAUSES OF METAMORPHISM.

1. Not generally due to infiltrating waters. - The metamorphic changes
which rocks have undergone is no evidence of their instability under existing
conditions. It has been already shown that the sandstone, shales, and

other fragmental rocks are seldom so porous at depths below as to admit the
passage of infiltrating waters. It is true also of the. crystalline rocks,

granite, gneiss, syenyte, and the various igneous rocks, that they are com
The
monly too close in texture to admit the passage of underground waters.
moisture they hold is stable, and the rocks are stable against changes from
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such a source.
In outcrops of an Archaan
granite, the feldspar and mica are
as
as
when
usually
perfect
made in Arehau time, excepting a thin
layer of
surface alteration. So in
many of the outcrops of trap, the pyroxene
and labradorite are still unchanged
pyroxene and labradorite; and this,
though millions of years have intervened since the outflow; and millions
of years of uniformity are sufficient to
prove stability. The thin layer
of surface alteration indicates the
of
depth
permeation, and to this depth
there is alteration, but not metamorphism. Buried in subterranean waters,
the conditions would be the same except that even surface alteration would

be prevented; for a sandstone that will fall to pieces when
exposed to
the air will make durable underwater abutments.
A trap ledge that
to
a
of
two
or
three
feet, when it is above the tide-level, will
decays
depth
remain solid and wholly unaltered below low tide.
Pyrite and other
minerals
oxidize,
and
on
the
in
the
outer layer where
iron-bearing
help
decay
it is exposed to the air; but below this they remain unchanged.
White
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marble, although a more porous rock than most others, usually retains its
whiteness perfect through the body of the rock, its pyrite and other imbedded
minerals losing nothing in their luster or composition.
2. heat abo'e the ordinary temperature usually necessary. - Lyell attrib
uted metamorphism to the heat of the earth's interior. The rocks bore
evidence, in the position of the beds, of upturnings and of great pressure;
and those which were left deepest as a consequence of the movements became
crystalline or metamorphic. They were hence also called by him Ilypoqene
rocks. Effects from dynamical forces were here recognized, but the heat
was statical heat.
This continued to be the
Wurtz, of New Jersey, in the
principle that metamorphism
tending the upturning of the
In

theory of geologists until 1868, when Henry
American Journal of Mining, announced the
was due to heat derived from the friction at
rocks, that is, to heat of dynamical origin.
work since that date this theory of regional

this
metamorphism, through heat of a dynamical source, has been adopted. But
it has also been recognized that heat of a dynamical source has been more or
less supplemented by heat from the earth's interior, that is, by statical heat.
At the same time statical heat has been referred to as also the source of local
here that it is the heat that is
metamorphism. It should be observed
is the same whatever
dynamic, not the metamorphism; for the metamorphism
statical,
the source of the heat, whether dynamical or
except in some minor
the

editions

of

points due to pressure, as explained beyond.
3. The presence of moisture. - All rocks are permeated by moisture, and
this permeating moisture is sufficient for all metamorphic results. The
amount ordinarily present is stated on page 20. If 2( per cent, which is
less than the average, time amount would correspond to two quarts of water
for each cubic foot of rock. At one per cent it would be one pound, and,
therefore, one pint of water to 100 pounds or two thirds of a cubic foot of
rock; and, since a pint contains 29 cubic inches of water, this amount would
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afford, at the ordinary pressure, nearly 45 cubic feet of steam to the cubic
foot of rock.
There is no doubt, therefore, about enough moisture.
The distribution of heat through the rocks without the aid of moisture
is impossible; for heat travels but a short way into dry rock. A thickness
of two or three feet is sufficient to confine nearly all the heat of the iwttest
furnace, and will make it safe to walk over liquid lavas. But let the walls
of the furnace be wet, and the heat will go through with a rush, for the
water becomes steam.
4.

Pressure. -Pressure, as already stated, is the chief source of the
movements by which a large part of the heat for metamorphism was pro
duced. It has caused (1) a foliated structure in slates and other rocks, and
The first of these subjects is
(2) minor changes in the texture of rocks.
treated under mountain-making; the second, on page 321.
In the following remarks, local metamorphism is first considered, and

then regional.
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LOCAL METAMORPHISM.
Local metamorphism, as above explained, makes changes in rocks in the
vicinity of the source of heat, as those of the walls of dikes. The results
are often called contact-phenomena., and any minerals formed, contact-minerals.
The results of change along the walls of trap dikes in the Triassic areas
of eastern North America comprise minerals in the inclosing rock, in the
dike, or partly in both.
They include crystall izations of epidote, tourmaline,

garnet, chlorite, quartz, hematite, and magnetite, besides various zeolites.
Garnets occur in the sandstone within a few yards of the trap, and also in
rifts in the trap near its walls, and sometimes the latter are yellow topazo
lites of great beauty. Many square yards of the surface of a joint in the
trap of East Rock, at New Haven, Conn., are thickly covered with garnets and
crystals of magnetite. At Rocky Hill, N. J., according to 1-I. D. Rogers
(1840), the "baking" effects of a trap dike are distinct for a fourth of a mile
from the dike; and, fifty feet off, a thin bed contains " kernels of pure
epi
dote," and cavities that are "studded with crystals of tourmaline;" and at
one place the latter crystals are half an inch in diameter.
The sandstone,
when containing these minerals, has generally lost its usual red color and
become grayish-white to greenish, the green color coming sometimes from

the chlorite or epidote generated by the heat.
The production of the metamorphic results, and the extent of the region
affected, has depended chiefly on the presence of moisture for
conveying and
the
heat.
The
sandstone
walls
of
a
dike
utilizing
may crumble into small
because
of
the
of
want
moisture
there
at
the
time of the eruption,
chips,
while in other places the rock becomes firmly consolidated.
The presence
of steam is sometimes indicated by remains of the tubular channels
through
which it rushed, their walls being bleached and penetrated with chlorite
and chlorite may occur, in some places near by, spangled with minute but
perfect crystals of hematite.
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A trap dike intersecting the clayey layers, sandstones, and coal-beds
of
the island of Nobby, near Newcastle, New South Wales, has baked the
clayey
layers to a flint-like rock to a distance of 200 yards from the dike, the whole
length of the island.
(D., 1849.)
In the Spanish Peaks region, southeastern Colorado, the
injection of ig
neous rocks across coal-beds has produced,
according to R. C. Hills, a dense
natural coke or an impure powdery graphite.
The outcrop of coke thus
made near Trinidad is probably two miles
and
at other places similar
long;
outcrops are four to five miles in length.
A region of igneous eruptions is often also, as a
consequent or concurrent
fact, a region of steaming fissures and of hot springs, conveying the heated
moisture widely through the strata of the region; and in this
way probably
the sand-beds of the Mesozoic formations of eastern America were
generally
reddened as well as consolidated.
Baking effects, and sometimes crystallizations, have been occasioned by
the burning of coal-beds. (See page 266.)
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In the Tyrol, near Monzoni and Predazzo, a Peruvian limestone, in the vicinity of
masses of igneous rocks, has been crystallized, and near the contacts occur garnet, ido
crase, gehienite, epidote, spinel, mica, anorthite, magnetite, hematite, and apatite. (Dl
ter, 1875.) In the White Mountains, near Crawford's, alongside of granite, an argillitic
mica schist is much altered and penetrated with crystals of orthoclase and tourmaline.
(Hawes, 1881.)
These examples of alteration illustrate not only local but also regional
metamorphism, for the minerals formed are among those that figure exten
sively in metamorphic rocks. Chlorite, garnet, tourmaline, are among the
most common of such minerals; and if these and other species can be made
under the rather rapid and coarse conditions afforded by the eruption of an
igneous rock, the results of slow-working metamorphism should be much more

complete.
It is observed, also, that these minerals are made by selecting and
combining the needed elements. The iron of the epidote, chlorite, garnet,
tourmaline, must be the iron that gives the red color almost everywhere else
to the enclosing rock, or is present in occasional grains of magnetite. The
tourmaline crystals seem to show that marine waters (or, perhaps, borate
springs, made earlier from the ocean's waters) may supply boracic acid which
The hematite crystals (Fe203) may be derived from dissemi
they require.
nated red hematite coloring the rock, or from the oxidation of grains of
magnetite (Fe304). The quartz crystals were made out of silica taken from
the siliceous minerals (feldspar, etc.) that were decomposed by the steam to
furnish material for the new crystallizations; and the heat, as far as it
reached through the sand-beds, even if of low degree, in the same way made
the siliceous solutions that produced the consolidation of the rocks adjoining.
Special metamorphic power is often attributed to granite in the dike-like condition,
and the minerals in the rock adjoining are regarded as contact minerals when the granite
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is actually a vein-formation. Granite eruptions have no more metamorphic power over
the adjoining rocks than those of trachyte; for granite in the melted state is identi
cal, essentially, with melted quartz trachyte, and conforms to the same principles as
regards cooling. The walls of the dike, or mass, will rapidly chill against the cold inclos
ing rock, and fail of the coarse crystalline texture of granite; and the dike, or mass, will
take the coarse texture only under conditions as to thickness of mass that admit of
extreme slowness of cooling. The crystallizing of adjoining rocks to any great distance
by ejected granite is as improbable as the same by ejected trachyte. The alleged exam
ples of such change in which the walls retain their coarse crystallization but little altered
(when at all), and where the metamorphic schists adjoining are supposed to afford an
example of what ejected granite can do, are, probably, either examples of cotemporaneous
metamorphism, and the contact minerals some of the products made by the process in the
transition region between the terranes or strata; or of metamorphism in overlying
beds that were upturned and thrust against the prexistiiig range of granite, and which
became altered or crystalline as a consequence of the friction.
REGIONAL METAMORPHISM.
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Regional metamorphism is here considered under the following heads:
(1) INCIPIENT METAMORPHISM, that of the lower or incipient stages;
(2) ORYSTALLINIC, or that in which there is simply change in crystallization;
(3) PARAM0RPHIC, or that of a change in crystalline form and not in com

position, as when pyroxene is changed to hornblende, or aragonite to calcite;
(4) METACHEMIC, in which there is change in chemical constitution (also
styled metasomatic, which means change in the body of the rock, a general
fact under metamorphism) ; (5) ENDO-CRYSTALLIC, or effects of pressure in
modifying the structure of crystals, or in fracturing them. Finally, after
considering the metamorphic effects produced in uncrystalline rocks, those
occurring in crystalline rocks are described.
The general effects of metamorphism are the following: In

the lower or incipient stage it discolors, dries, consolidates. In
higher stages it crystallizes the constituents of rocks; it often produces also
chemical changes, making new minerals in the mass; and, as a result, oblit
erates fossils.
Under the high temperature, which may attend it, all the
methods of mineral chemistry in nature have a chance for work according to
the conditions. The heat may reach that of fusion, producing effects that
cannot be distinguished from those of fusion from heat of other sources.
The obliteration of fossils comes in an early part of the changes ; for
shells are seldom a twentieth of an inch thick, while the grains rendered
crystalline by the change are seldom so small as this. Large crinoid stems
have the best chance among calcareous fossils for preservation.
But no
calcareous fossils can withstand the chemical action of siliceous solutions
at high temperatures; for even strata of limestone are thinned down by it.
Trilobites, and other fossils whose tests are phosphatic, resist longer than
the calcareous.
The uncrystailine rock-materials that undergo regional metamorphism. - It
But it is to be
has been stated that fragmental rocks are the chief kinds.
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observed that the small differences among the varieties of these rocks,
depending on impurities, or n the composition of the grains, have great
influence over the results; aint so also has the amount of moisture
present in
the rocks or in cavities among them. Beds of iron ore, or of coal, or of salt,
may be in a sandstone series.
If the fragmental rock Consists
quartz grains only, metamorphism can
make nothing but a harder sandstone, or quartzyte ; while, if it consists of
grains of quartz and feldspar, it may be converted by metamorphism into a
gneiss, or even a granite; or if there is disseminated clayey material, which
contains no alkali, it cannot make a niicaceous quartzyte, but may make a

kind containing the mineral ottrelite, or andalusite.
These examples illustrate the dependence of the metamorphic products
on the chemical composition of the ingredients present, and show that specu
lations on the origin of the minerals, made without a knowledge of the
ordinary impurities, are valueless.
The following are some of the results of metamorphism, arranged under
the different heads mentioned : -
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1. Incipient Metamorphism.
These changes generally involve the loss of some volatile or combustible
ingredient.
1. A carbonaceous shale or sandstone, when heated, usually loses some
mineral gas or oil, the volatile part of the carbonaceous material; and then
"the fixed carbon" that is left may be oxidized and so escape as gas
(being burnt out), leaving the rock white (if a limestone, a white marble)
unless some other source of color is present. If the carbonaceous material
is a bed of coal, time volatile part may escape, and the "fixed carbon" remain
as a bed of anthracite.
As a consequence of the last process, the coal-bed
has become thinner, owing to the loss, and is less pure in proportion to its

thickness.
2. The water in the rocks is easily volatilized. But under rock-pressure
much may be retained at temperatures above 212° F. That of clays, 14 per
cent of which is chemically combined in pure clay, may, under pressure, be
retained and help to make, in low-grade metamorphism, hydrous minerals, as
chlorite, serpentine, etc. The water of limonite (the yellow-brown iron oxide,
2 Fe203 + 3 H20) is driven off at 212°, reducing it to hematite (the red oxide,
of yellowish, grayish, greenish,
Fe203); and in this way common sandstones
brownish, and other colors (generally due to disseminated limonite) become
red. Most colored sandstones redden on heating, and in this way many
sandstones have been made red. But at a higher temperature under low rock
be converted into steel
pressure, the red oxide coloring a red sandstone may
lustered crystals; or become reduced to magnetite (Fe304); or combine with
silica to make silicates (epidote, chlorite, etc.) and by such means the red
color may be discharged.
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3. The carbonic acid of limestones is driven off at a low temperature, as
in limekilns. But under heavy rock-pressure the loss does not take place; for
limestone may be melted in a strong iron flask without decomposition, as
shown by Sir James Hall (1790). Again, when iron carbonate (FeO. C02)
is present in a sandstone, heat may expel the carbonic acid (C02) and
leave the iron to oxidize and become the red oxide (Fe203). This is a second
But under pressure
source of the red color of red sandstones and shales.

the ore may be crystallized without loss.
4. Consolidation of rocks also goes forward in the feebler stages of
metamorphism. Subjection to heavy superincumbent pressure forces the
particles into closer contact, and this favors consolidation in clays (W.
Spring). The consolidation in the case of ordinary shales, even Silurian, as
the Utica shale, is feeble, unless some metamorphic heat has given aid.
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2. Crystauinic Metamorphism.
Calcyte (CaO. C02), or dolomyte, mnagnesian limestone, if pure, becomes
under metamorphic action a white crystalline rock, like architectural or
statuary marble, in which state, as the naked eye may detect, each grail has
the cleavage of crystallized calcite or dolomite. The process is simply that
of crystallization.
It is a change without fusion. It is a molecular change

solely, like the change which takes place in tempering steel from fine
to coarse, or the reverse.
Again, under slow metamorphic action, a granitic sandstone, consisting of
quartz, feldspar, and mica (the constituents of granite), loses the worn surfaces
of the grains and becomes a granite. The sandstone being a massive rock, it
is massive still - a true granite, and not gneiss. A sandstone, consisting of

feldspar and quartz, without the mica, becomes the granite-like rock called
granulyte. Such sandstones make up the Triassic of the Connecticut Valley,
and some portions, well consolidated, look exceed
284.
ingly like granite, although they have not been
subjected to the heat and pressure of the true
metamorphic process. The following analysis, by
F W Taylor, of the Connecticut rock, from Port
land,-the common building stone,-shows its
r
composition (see 10th. Census, Vol. 10,
ganite-like

/_

%

"

Rep. on Building Stones, page 127): silica 6Th94,
alumina 1355, Fe208248, MnO3070, lime 309,
soda 543, potash 330, moisture FOl = 9950. If

the granitic sandstone were thin-bedded it might
become gneiss; and a shale might make a mica
schist of like composition. Moreover, in the in
Grain of quartz of Potsdnmgand.
stone, Wisconsin, enlarged Into
tenser stage of metamorphism a bedded granitic
.
a crystal. A. A. Young, '82.
sandstone, instead of being changed to gneiss might
Such
become plastic or fused, and so lose all bedding and become granite.
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granite is igneous granite, and if it is forced up opened fissures, it is
eruptive
granite.
Metamorphism in the above cases is simply crystallization, so far as there
is any change; for chemical change is not needed for the results mentioned.
But in many cases it is even
simpler than stated; for in the process the
grains of feldspar and quartz may be only enlarged or finished out by surface
additions, in a crystalline way, cofoi'niubly to their
crystallographic axes.
In a quartz sandstone, the quartz grains, under the
process, are made into
if
there is space for it (Sorby); and
quartz crystals (Fig. 284)
they may con
tinue growing until the sandstone becomes a
compact mass of quartz rock
its
(or quartzyte) showing
original grains only indistinctly. In a similar
the
way,
feldspar grains present in a rock, and any hornblende or pyroxene
grains, may be enlarged or finished out.
This process would convert a gra
nitie sandstone into granite, making the rock without the heat of fusion
or plasticity.
In California Cretaceous sandstones,
according to Becker,
the feldspar crystals made by metamorphic change
occupy the positions of
of
previous groups
grains of feldspar; and the same for pyroxene and
hornblende.
A granitie sandstone having its quartz grains changed to
quartz crystals,
in a process of metamorphism, becomes thus a quartz-porphyry. As quartz
crystals are usually formed from siliceous solutions instead of from fusion,
the occurrence of such imbedded crystals through the mass of a rock is pre
sumptive evidence against its igneous origin.
3. Paramorphic Metamorphism.
When the minerals aragonite and calcite are present together in a
limestone (page 69), the first effect of metamorphic action is the conversion
of the aragonite into calcite-that is, the making it rhombohedral in
cleavage structure, like calcite, its paramo'plm.
Crystallinic metamorphism,
also, may go forward simultaneously and make the rock coarsely crystalline.
The change of pyroxene crystals to hornblende is a common example of
It has often gone on extensively, changing whole
paramorphic change.
pyroxenic rocks to hornblendic. The inner part of a crystalline grain of

pyroxene often has its lines of cleavage crossing at angles of 87°, the angle
of pyroxene, when in the outer, the part altered, they are changed to 124--°,
the angle of hornblende. The altered pyroxene was named uralite (from
the IJrals) by G. Rose (1830), and the change is hence called uralitization.
Many Arohtean crystalline rocks now hornblendic have been proved, by such
evidence, to have been originally pyroxenie; and so it is with many other
rocks, including some of igneous origin. Even the pyroxene of dikes of
doleryte has been found changed to hornblende.

This change in a rock of the basalt type (the doleryte of Land's End, Cornwall) was
first observed by Ahlport (1876); in augite-syenyte of New Hampshire, by S. W. Hawes
(1878); in Wisconsin Arcinean rocks, by Irving and Van Hise (1883). The mineral by.
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persthene also occurs altered to hornblende; cyanite to andalusite; labradorite and anor
thite to saussu.rite. Quartz changes to tridymite, or to biaxial silica, when it is heated
to or above 22000 F., which accounts for the occurrence of tridymite in volcanic rocks ; and
tridymite, or biaxial silica, becomes uniaxial optically at 260° F. ; but further than this
it does not change on heating.
Pyroxene, a common volcanic mineral, has long been known as a furnace product,
and since 1823 as the result of the fusion of its constituents ; but Deville, in 1858, obtained
crystals by simply heating to a bright red heat a piece of ferruginous Fontainebleau sand
stone with chloride of magnesium; the crystals of pyroxene cemented the quartz grains
of the sandstone. Hornblende has never been produced experimentally from fusion ; but
in 1800 the Russian chemist, Krustchoff, heated together its constituents for three months,
at a temperature of only 900° to 1000° F., and obtained hornblende in crystals; and along
with them were crystals of quartz and of a light-colored pyroxene (diopside). The facts
show that the change of pyroxene to hornblende requires only a heating of the rock con
taining it to 1000° F. It indicates also that if a pyroxene-bearing rock, on cooling from
fusion, rests long at this temperature, it would probably become throughout a hornblende
rock, and appear as if so primarily.
Paramorphic metamorphism should be of common occurrence; for paramorphs are
essentially identical except in crystallizations (pages 62, 67, 69).
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4. Metachemic Metamorphism.
Through the chemical work of metamorphism have been made nearly all
the common siliceous minerals among rock constituents, even many kinds
that are also of igneous origin: as the feldspars, micas, quartz, minerals of
the hornblende and pyroxene group, the chlorites, epidote and the related
species, scapolites, garnets, tourmaline, chrysolite, and many others. The
older metamorphic and igneous rocks have been the chief sources of the

materials. Even in formations not older than the Cretaceous, as described
in Becker's account of the rocks of California, the results of metamorphism
include orthoclase, albite, oligoclas e, labradorite, muscovite, biotite, horn
blende, pyroxene, glaucophane, epidote, zoisite, garnet, chlorite, serpentine,
talc, and other species.
In these metachemic changes, without aid from outside ingredients, feld
spar may be altered to hydromica, or mica (muscovite), under metamorphic
action (Van Hise). Each of these minerals contains silica, alumina, and
potash, but the mica, a third less of silica; hence a feldspathic or gianitic
sandstone may be made micaceous, and a feldspathic shale may he converted
into a hyciromica or mica schist.
Hydromica schist is a common rock in the

regions of crystalline rocks of eastern North America, and in other such
regions over the globe; and feldspathic sediments, derived from the abundant
For mica scales float easily in
feldspar of these rocks, are their only source.
transporting waters and become scattered among other materials instead of

being gathered together into beds. A felsyte may change to pinite, as near
Boston (Crosby), which mineral is essentially a massive mica.
But if the shale is an argillaceous rock without potash (no undecom
posed feldspar being present) it is very likely to contain more or less iron,
magnesia, and lime; and then it has the elements required for making a
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chlorite schist or a hornblende schist, and for filling such sehists with crystals
of the silicates, hornblende, pyroxene, garnet, staurolite, ottrelite; or if free
from iron, it has the elements for making andalusite, sillimanite, cyanite

(each A12O3SiO2), silica and alumina, when no alkali or other bases are free,
being ready to form these aluminum silicates.
Increasing remoteness from a region of crystalline rocks favors the mak
ing of sediments free from alkali, because the alkali becomes leached out of
sediments by the transporting waters.
This is illustrated a few miles
west of New Haven, Conn., where the mica schist gradually changes to
the southward, to a chioritie hornblende schist, - hornblende and chlorite,
unlike the mica, containing no potash.
When carbonaceous shales are altered to mica schist, the "fixed carbon"
present (page 315) may become crystallized into graphite; for graphitic
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mica schists are common. It has been suspected that diamonds, another
form of carbon, may have been made in the course of the metamorphic
changes of carbonaceous shales or sandstones.
Again, if a dolomyte, or magnesian limestone, contains some silica finely disseminated
through it as impurity, either in the state of quartz or of organic silica (Diatoms, spicuJes
of Sponges), metamorphic action may, while crystallizing the limestone, fill it with bladed
or radiating cryst.allizations of tremolite (white hornblende) ; for a portion of the dolo
mite ( Ca MgO. C02) might take the silica (Si02) as a substitute for its carbonic
acid (C02), and thus treinolite ( Ca MgO. Si02) would result. When the dolomyte
contains some iron, as well as the silica, act (nolite (green hornblende) may form and in
like manner be disseminated through the mass of the rock, instead of tremolite. Under
similar circumstances, at a higher temperature, white pyroxene which has the same
composition as tremolite, or green pyroxene, which has the composition of actinolite,
may be formed in stouter crystallizations.
If clayey impurities are present in the limestone (these consisting of silica and alu
mina, with or without iron or magnesia), the limestone may become filled with garnets and
other silicates. An Eocene limestone, in the Liguiian Apennines, much contorted and in
contact with diabase, gabbro, etc., contains crystals of the soda-feldspar albite; and inside
of the crystals there are the siliceous tests of Radiolarians (genera ELhmosphera, 1-lelios
phera, and others), suggesting that possibly the silica of the albite was of organic origin.
(A. Issel, 1890.)
Chrysolite consists of silica 414, magnesia 509, iron protoxide 77. In the rocks
it is often found changed to serpentine, which consists, in 100 parts, of silica 435,
magnesia 435, water 13. The iron protoxide and some magnesia are here rejected
and water received; and usually the iron stays about or within the serpentine, as a cloud
of black grains or a few black crystals of magnetite. So, also, the magnesian silicates,
pyroxene, hornblende, chondrotht.e, chlorite, and other species, occur changed to serpentine.
When such a change happens on a large scale, a chrysolite rock, or pyroxenic rock, or
hornblendic rock, etc., becomes, in part or wholly, a serpentine rock. In a similar war,
pyroxene, or hornblende, or garnet, may be changed to chlorite, or to epidote, etc., labra
dorite, or anorthite (G = 27) to saussurite (G = 3 - 35).
The pure amorphous serpentine often has parallel cracks (apparently due to contrac
tion on drying), which are filled with fibrous serpentine (amiaiithus, or asbestos) ; and
when the cracks are very thin and numerous, and are filled with calcite or dolomite, the
specimens often have the aspect and general structure of the so-called Eozoon of Archaan
rocks.
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Again, dikes of trap and other igneous rocks have undergone metachemic alteration
through interior heated vapors which ascended with the rock, making the rock hydrous
and producing other changes, and by the same means its vesicles have often been filled
With secondary minerals made out of the materials of the rock.
Mineral springs are often referred to as a source of outside ingredients.
But, for regional work, such springs should have a wide distribution; other
One mineral spring, rich in salts of soda
wise the effects would be local.
and. magnesia, has already been mentioned as the great one of the world
the ocean. Nearly all the sedimentary rocks were made in it, or have at
some time been submerged in it. Moreover, there is evidence that salt
water has an extensive subterranean distribution, in the fact that a large
part of the borings for gas and oil, which have been made in recent years,

have encountered salt water below depths of 1000 or 2000 feet -depths too
Further, formations of sev
great to be made fresh by subterranean drainage.
eral geological periods contain great beds of rock salt that were beyond doubt
of oceanic origin.
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Associated with the salt, or in the same series of rocks, there are some
times deposits of magnesian salts of like oceanic origin; and, more spar
ingly, of potash salts; and also of boron salts, for the magnesium borate,
boracite, occurs in salt mines, and other boron salts exist in hot springs,
sometimes in volcanic emanations, -facts that point to a marine source.
Moreover, traces of borates have been detected in the ocean's waters.
The beds of salt and the briny layers are interstratified, sometimes in
many alternations, with shales, sandstones, and limestones; and it is

natural, therefore, that the soda and magnesia should be forced to take part
in any chemical changes the associated formations might undergo.
Meta
morphic work may have derived much soda from this source for making
soda-lime feldspars, as oligocluse and labradorite; supplies of magnesia for
forming hornblende and black mica; smaller supplies of potash for ortho
clase-making; and still smaller of boron, yet enough to account for the wide
distribution of tourmaline, whose constituents, apart from the boron, differ
little from those of garnet, - a mineral that is common in mica and chlorite
schists, crystalline limestone, quartzyte, and other rocks.

The wide distribution of alkaline waters over the Great Basin (page 119) suggests
another available source of materials, and especially of soda and magnesia. But such
regions are a consequence of the absence of drainage, and could exist only in great lands
like continents; they, therefore, belong only to the latter end of geological time.
The following are examples of metachernic work in crystalline rocks. Massive talc,
called rensselaerite, at Fowler, 1)ekalb, and other places in northern New York, made from
pyroxene, whose cleavage it has; a pinite, called gieseckite, at Diana, N. V., and in Green
land, made from crystals of nephelite, the form remaining; pinite also from scapolite,
at Franklin, N. J. (algerite) and Arendal, Norway; chlorite in
many localities, from
garnet (crystals being sometimes chlorite outside only, and sometimes throughout),
pyroxene, hornblende, etc.; mica and epidote from scapolite, at Arendal, Norway;
and feldspar from scapolite, at Bamle, Norway ; epidote from biotite-mica; diaspore,
margarite, and other species, from corundum. In a large granitic vein at Branchvi[le,
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Conn., where spodumene crystals occur a yard long, the alteration of the spodumeiie, a
lithia-alumina bisilicate, has produced (as described and
explained by G. J. Brush and
E. S. Dana, 1878-1880) eucryptite, a different lithia-alumina silicate; also microcline or
potash feldspar, muscovite mica, killinite, which are potash-bearing silicates, free of lithia;
also the soda feldspar, albite, each, excepting killinite, in
large crystallizations. Besides,
it is evident that the mica and albite were unitedly results of
change from the spodumene
(the mica, through the eucryptite as a first step), since they occur in minute scales
together, making half an inch or more of the outside of the spodumene crystals, the material
looking so much like a single simple mineral that it was first (1867) named as such, cyma
tolite. In addition to these changes, half a dozen phosphates were made out of triphylite
(an iron-manganese phosphate), part by combination with the lithia and other bases set
free from the alteration of the spodumene; also uranium minerals were made from
uraninite.
In mineral veins a still wider range of changes has taken place, through the
metallic and other vapors that have ascended the opened fissures and the waters that
have descended.
Since most crystalline metamorphic rocks are only recrystallizations of
the detritus from such rocks, the feldspar and quartz being earlier feldspar
and quartz, and so with many other minerals, and since the ocean's waters
have distributed its salts among the formations, it is not necessary to appeal
for producing silicates to "springs bringing up mineral waters from below."
There is no place in geology for the crenitic hypothesis of Hunt (1884), so

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

named from the Greek for a fountain or spring.
5.

Endo-Crystallic Metamorphism.

In crystallized limestones, either calcyte or dolomyte, the crystalline
grains have commonly a compound twin-structure, which is attributed to the
pressure among the grains attending the original crystallization. Another
effect of pressure is the breaking and displacement of crystals in rocks.
Professor J. W. Judd and others have drawn especial attention to the changes that
have taken place within the crystalline grains of rock through pressure, without aid from
rock-movements as a source of heat, endeavoring to distinguish them as far as possible
from metamorphic work of other kinds, Like the compound twinning in the grains of
crystalline limestone, the lamellar twinning in a triclinic feldspar, including microcline, is
referred to stresses attending crystallization.
To the same cause are to be attributed the bronzy luster developed by incipient change
in pyroxene and hypersthene, arising from the production interiorly of minute points of
mineral material in parallel planes- an effect called by Judd schillerization-arid its
usual accompaniment, a laminated or diallage-like structure. Of similar origin are changes
in orthoclase, giving its crystals an aventurine or iridescent character, or a new direction
of cleavage, as in the variety murchisonite, or interlaminations of albite or of some other
feldspar, as in perthite. Related changes occur also in other species.
6.

Heat used in Metamorphism.

The heat for most metamorphic results was probably comparatively low,
It was heat in slow and prolonged action,
or between 500' F. and 12000 F.
operating through a period that is long, even according to geological measure.
DANA'S MANUAL -21
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A low temperature, acting gradually, during an indefinite
age - such as ge
ology proves to have been required for many of the great changes in the
earth's history -would produce results that could not be otherwise
brought
about, even through greater heat.
The lower limit of temperature is sometimes placed much below 3000 F.;
and for consolidation it may be rightly so. But there is definite evidence
that it generally exceeded this. In the great faults of the Appalachians,
10,000 feet or more in extent, Lower Silurian limestones are brought up to
view, containing their fossils, and not metamorphic; and in Nova Scotia the
coal formation, though 15,000 feet thick, is not metamorphic at base. Taking
the increase of temperature in the earth's crust at 10 F. for 60 feet of descent,
10,000 feet of depth would give 220° F. as the temperature of the limestone

before the faulting; and 1° F. per 60 feet of descent must be short of the
rate that obtained in the Carboniferous age.
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Regional metamorphic rocks are upturned rocks, rocks that have been
subjected to the faulting, crushing, and flexing, attending mountain-making.
Hence, in accordance with the explanations on page 385, they are rocks
which have been subjected to pressure and movement on a vast scale, and
thereby to heat made just where it was needed for metamorphic work.
Mountain-making movements might be so slow that the heat would become
mostly dissipated instead of accumulating. But the rocks upturned were

generally 10,000 to 30,000 feet thick or more, and great pressure and high
temperatures should be expected from movements so vast over regions
exceeding sometimes a thousand miles in length.
The heat for metamorphism appealed to is heat of a dynamical source,
and the conditions are those that will produce its maximum effects.
The movement of rocks along fracture-planes in faulting produces heat;

but only occasionally, in connection with the greater upthrust or onthrust
faul tings, is it sufficient, unless reinforced from accompanying upturn in gs,
for metamorphic action in the walls of the fracture.
The changes will
seldom, if ever, extend so far as to obliterate the plane of faulting, or to

disguise the fact that the heat has a local source along this plane, provided
the faulting is not attended with extensive crushing of the adjoining rock.
As such a fracturing of the rocks is commonly of the shearing kind, the

altered band along the fault-plane is called a shear-zone.
The earth's internal heat has always been a contributor to the heat of
the earth's crust, and much more so formerly than now, and would, there
fore, have supplemented largely the heat generated by friction.
But the
of
alteration
sediments by the heat coming up from the earth's interior
alone is proved by many facts to have been inadequate for much more, even
Besides
during the later Paleozoic, than the solidification of the rocks.
those mentioned above, it may be added that in the South Wales coal-field

the Carboniferous limestone, although covered by other rocks to a depth of
10,000 to 12,000 feet, is unaltered.
(Geikie.)
The great agent of metamorphic change is heated moisture; and for the
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higher grades of metamorphism, moisture at a temperature that made it
In the state of steam it
superheated steam.
spreads through the rocks
with all the chemical energy derived from its
high temperature, a destroyer
a
of cohesion,
powerful solvent, and a promoter of decompositions prepara
to
tory
recompositions.
The making of deposits of silica in the form of quartz or opal does not
In addition to the facts
require high heat, as already explained (page 135).
there stated, it may be added that geodes of chalcedony and agate, 8 to 10
inches in diameter and of modern origin, come from Florida, that are the
remains of hemispherical masses of coral, the exterior still showing the stars
of coral, while the interior is a great agate-lined cavity; they were made by
the siliceous waters of the region, and it is not certain that the waters were
even warm. J. Arthur Phillips found crystallized quartz and chalcedony
among the recent deposits of Borax Lake, in Lake County, north of San
Francisco, and at Steamboat Springs, in Nevada; and Le Conte and Becker
have reported other similar facts. Daubre detected quartz in the form of
chalcedony among the deposits of the hot waters of Plombières. It should
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be considered, further, that the quartz which makes the flint and chert of
the world, and has silicitied the fossils of many strata, was dissolved by cold
waters; it was mostly in the opal state when dissolved, but was deposited in

the state of quartz. Thus the solidification of rocks by means of silica is an
easy effect in the presence of hot moisture, and but little heat is necessary.
Many experiments of recent years illustrate the efficiency of superheated
steam in confined spaces or under pressure. Mr. J. Jeifrys, in 1840, sub

jected some feldspathic and other siliceous minerals to a current of steam
inside of a kiln made for vitrifying brown stone-ware, and with them a few
articles of the stone-ware. At a full red heat, little effect was produced; but
above that of fused cast iron, there was rapid erosion, and in ten hours
"more than a hundredweight of mineral matter had been carried away in
the vapors." Daubre, having incloseci a little water in a strong glass tube

and subjected it to a temperature of 7500 F. (400° C.) for several weeks,
obtained, besides a hydrated silicate allied to the zeolites, quartz in well
defined crystals, and, in another case, perfect crystals of the light-colored
variety of pyroxene, called diopside. The glass was completely dissolved
A clay, from near Cologne, used in mnak
and used in making the crystals.
ing crucibles, heated in the glass tubes, became charged with scales of a
mica or chlorite (the quantity being too small for an analysis). Crystals
of the feldspar, orthoclase, occur in the cavities of some igneous rocks in
the copper region of Lake Superior as a secondary product, and the accom
was made by means of heated moist
panying facts make it certain that it
ure.
But experiments in closed tubes containing the ingredients and water
have succeeded in making orthoclase and albite, with also tridymite (Haute
feuille, Frieclel and Sarrasin), while dry heat has always proved a failure.
fusion, the feldspars, oligo
Experiment has been successful in obtaining, by
clase, labradorite, and anorthite, and also the rocks containing them.
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The lime-soda feldspars, Labradorite and oligoclase, and the lime feldspar, anorthite,
were obtained in crystals, from the fusion together of their constituents, by Fouquê and
Levy in 1878.
Two days of fusion only were required for labradorite. They have also produced by
similar methods the rocks augite-andesyte, doleryte, basalt, and others. The augite
andesyte was made by fusing together 3 parts of oligoclase and 1 of augite, and it con
tained octahedrons of magnetite formed at the expense of part of the augite. 1)oleryte
was obtained in like manner by substituting labradorite for oligoclase. Such experiments
prove that these rocks may be made from the constituents by metamorphic methods, if
the heat is sufficient for fusion; and other facts leave scarcely a doubt that they may be
formed also at lower metamorphic temperatures.
Hawaiian caves, made by the flowing away of the lava after it was crusted
over, and hot with the heat that was left by the lavas, contain long stalactites
of basalt, with isolated crystals of the feldspar, pyroxene, and magnetite, in

their cavities, as explained on page 295.
In this case, there was no decom
and
but
position
recoinposition,
simply solution, transfer, and recrystall ization.
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The heat was that left by the passing lava; for there was no other possible
source; and it was less than that of fusion, for much had been lost by the
expansion of the superheated vapor as it escaped. The vapors would have
contained sulphur, or sulphurous acid, and perhaps other ingredients, but

beyond increasing solvent powers, if this, these aids had nothing to do.
These facts are eminently instructive as to the powers of superheated
steam. It can do transfer work, take up labradorite, pyroxene, and mag

netite at one place, and transfer and deposit them crystallized in another.
The facts above stated also prove that superheated steam, at a high tem
perature, may produce that plastic state of a rock, which is like fusion in
any other way in its ability to obliterate all previous structural features,
and which, therefore, could make granite out of materials that otherwise would
have the bedding of a gneiss.

At Birmingham, Conn., 10 miles west of New Haven, the porphyritic gneiss of the
region comes up, in one place, through the gneiss and mica schist, as a broad and nearly
vertical vein, or dike, of porphyritic granite - a rock like the bedded gneiss, except in the
absence of bedding, and in its vein-like position. It is plainly a result of the plastic con
dition of the rock in the vicinity of a fracture. In cases of veins of fine-grained granite,
it is always a question to be considered whether it is not the plastic granite of a region
of metamorphism rather than vein-made granite, or that of eruption from a deep-seated
source. Vein granite is usually coarsely crystalline, and consequently irregular in its
grain. If the granite of a narrow dike, or vein, intersecting any rock is crystalline granu
lar to its wall, the evidence is conclusive that the inclosing rock was hot, and it is almost
certain that the conditions when it was formed were those of metamorphism.
Further, the pressure which is so enormous in some cases of mountain
making, increases the solvent power of hot moisture, and promotes the weld
ing of grains by the closeness of the contact.
Variations in degree of heat and amount of moisture. -The metamorphic
effects in a region are greatly varied by differences in temperature, and in
amount of moisture. The region has necessarily its area of maximum heat,
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and large upturning, and its border of lower heat; for it is surrounded by
regions of little or no heat. There will be, therefore, gradation in effects in
one direction or another.
But it is to be noted that the heat generated in metamorphic regions by the movements
does not vary with the variations in dip of the several successive plications, but with the
general character of the great range of flexures and their relation to the direction of the
chief source of the movements. The cause is regional in its action, not local. The suc
cessive flexures may vary from vertical anticlines and synclines to those of very low angle,
having nearly horizontal bedding for a mile or more along the axial part of the plications;
and yet the gneiss or mica schist of the beds shows no corresponding change in texture.
This fact is well illustrated in the Taconic Range, and in the crystalline region along the
Housatonic River east of Derby, Conn.
Where the heat is of low grade, the moisture present may partly remain
as a constituent of the new rocks; but under intenser conditions, only anhy
drous kinds will be made. A penumbra of hydromica and chlorite schists,

with coarse mica schists and gneiss making the hotter belt beyond, is, there
fore, to be looked for.
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Going from New Haven, Conn., 20 miles westward, where the rocks
make a single conformable series in anticlines and synclines, there is a reg
ular gradation from chloritic and hydroinica schists, with gray slightly crys
talline limestone, to mica schists and gneiss, and coarsely porphyritic gneiss;
and at 17 miles, the gneiss and mica schist overlie a stratum of coarsely crys
tallized limestone in a very low and long syncline. In a similar manner,
the Taconic metamorphic region on the borders of New England and New
York, as already explained, increases in grade of metamorphism, both from

north to south and from west to east.
Again, the Bernardston Devonian rocks, of one epoch of metamorphism,
mentioned on page 310, bear on this point; and so do the facts from
California, that in the altered Cretaceous series the rocks, diabase, dioryte,
gabbro occur as results of metamorphism, and that the feldspars, labradorite,
and oligoelase, are found even in half-altered sandstone.
(Becker, 1888.)
rocks,
as
well
as
those of deep
It is thus plain that among metamorphic
seated igneous origin, kind of rock and grade of crystallization are not evi
dence of differences in geological age.
In some cases the bedding of rocks has been obliterated by metamorphic
action, without their reaching the condition of plasticity, in consequence of
a tendency to promiscuous crystallization in the grains of the constituent
minerals. This is true, for the most part, of rocks consisting of hornblende
alone (horublendyte), hornblende and a feldspar (dioryte, labradioryte),
feldspar (felsyte), feldspar and quartz (granulyte or mica-less granite,
others.
quartz-felsyte), serpentine, and some
A bedded structure may also be obliterated by the soldering together of
and all evidence of it
layers, when the rock is subjected to heavy pressure,
in
color
or
constitution; as has
may disappear, unless the layers differ
marble of Rutland, Vt., and in other cases,
happened in a portion of the
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where a pure limestone is upturned at a high angle, - this position being
evidence of its subjection at some time to heavy pressure.
The liet.t for the changes in granitie veins, like the Branchville, may
have been produced by friction from an up or down movement along the
vein; and the same is probably true for the bed of iron ore at Brewster, in

eastern New York; for veins, and also ore-beds when they are nearly vertical,
are planes of weakness. But whether the movement occurred at the epoch
of mountain-making at the close of the Lower Silurian, or at some other simi
lar epoch, is unknown.
Relations of metamorphic and igneous rocks. - The earth's interior source
of heat has had much to do in geological history with metamorphism as well
as with igneous ejections. The depth to the region beneath the earth's
surface having a temperature near the fusing point of the rocks has
increased with the progress of the geological eras; the amount of meta
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morphism has correspondingly decreased through the ages.
In early Archaean time the region of fusion was at the surface, and in
the later part, before solidification was complete, it was not far below the
surface. Great stratified formations had then already been made -30,000
feet in thickness at least, and some have said twice this, or more.
A
close
to
that
of
fusion may then have been within this pile of
temperature

deposits (page 258, paragraph c), so that but little addition to the heat from
subterranean movements would have produced not only ordinary metamor
phic effects, but also fusion of portions of the sediments, making granite,
gabbro, and other igneous rocks.
Metamorphic work was extensively carried on at the close of the Lower
Silurian in eastern North America, and igneous rocks were among the
metamorphic results; it was much less extensive at the close of Paleozoic
time, and later than this it is not known to have occurred. In western
North America, in California, however, the results of heat were large even
in the later part of Mesozoic time.
We may account for this difference
between the two sides of the continent, perhaps, by the fact that the Pacific
border had already become a region of extensive volcanic action, -evidence
that the depth to great heat was unusually small.
On the contrary, volcanic action has increased through the ages.
There
is no good reason for believing that there was much volcanic or deep-seated
igneous action in Archaean time. The earth had then its granites, its gabbros,

its syenytes, and other igneous rocks; but no petrological study can show
whether the fusion was among the results of metamorphic action or not.
In this connection it is an instructive fact that in eastern North America,
at epochs when there was the greatest amount of friction and crushing,
those of the making of the Green Mountains and Appalachians, - no vol
canoes were made, and little took place in the way of eruptions through
fissures; the conditions were largely those of the past. But at an epoch in
Mesozoic time, when there was almost no dexing of the rocks, and only low
nionoclinal uplifts, extensive dolerytic eruptions occurred at intervals for
1000 miles alou the Atlantic bonier.
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The determination of the depth of an igneous source is possible, if at all,
only by geological investigation. Petrology can prove a rock to be igneous
and eruptive; but it cannot, except in some obvious volcanic cases, prove
that it is not, at the same time, metamorphic.
The statement that "massive crystalline rocks are igneous" expresses nothing as to
their metamorphism, and especially when it relates to the older crystalline rocks of the
globe; and the occurrence of a deposit of hematite or magnetite in gabbro, syenyte, or
any related rock, is nothing against the origin of the magnetite as a metamorphic sedi
ment. The igneous granite of metamorphic origin often contains masses and strips of
schists, from a few inches to many rods in length, which are pieces broken from the
associated schistose formations, in the course of the upturning and metamorphism. SUCh
"inclusions" do not occur in igneous rocks of other modes of origin; the ejections along
fractures or vents break off pieces, sometimes 1000 cubic feet in size; but long strips of
schist show that the schistose beds were part of the formation that became generally
plastic or fused.
The production of metamorphic change by mechanical force without heat
has been proved by the experiments of M. Carey Lea on salts of silver (Am.
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Jour. Sc., 1893, A. Harker, Geol. Maq., June, 1894).
Shearing force, or
trituration, produces, without the development of heat, a change which heat
will not produce, and more effectively than simple pressure.

V. MINERAL VEINS, LODES, LOCAL ORE DEPOSITS.
Veins occur in rocks of all ages and of all kinds. They are the fillings
of fissures or of open spaces made in any way-exclusive of those called
dikes, which are due to intrusions of melted rock. The materials are usually
crystalline; and among the kinds are included a large part of the stony
minerals and gems of the world as well as most of its ores, those of iron
excepted.

FIssuREs, FORMS OF VES.
1. A Brief Review of the Way of Making Fissures.
Fissures for vein-making have been produced: (1) By contraction on drying : examples of which are mud-cracks (for the fillings of
mud-cracks are vein-like in formation); the cracks in many limestone concretions (page
97); the cracks in an argillaceous stratum or in its more argillaceous layers, which are
limited to the layer.
(2) By contraction on cooling: either cooling from fusion, as in igneous rocks, or
cooling from the heat attending metamorphism.
(3) By subterranean movements: to some extent the lighter movements following un
derminings and ordinary earthquakes, but preeminently the movements, light and heavy,
that have attended mountain-making; movements that flexed strata 10,000 to 30,000 feet
or more thick, over regions often hundreds of thousands of miles in area, sometimes
raising the rocks to verticality, or shoving up the strata along fractures for miles, besid&
making fissures and opened spaces in all parts of the disturbed formations.
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(4) By the disruptive or expansive action of vapors: as of vapors attending volcanic
action; resulting not only in fissures, but also in vesicles or cavities in an ejected igneous
rock, or along the walls of the dikes.
(5) Corroding vapors or solutions rising in a fissure have sometimes enlarged the
fissure in some parts or made open spaces, especially when the rock was a limestone;
thus large chambers have been excavated in this yielding rock for the reception of min
erals and ores.
(6) Porous strata have taken in vein-material in proportion to their porosity.
(7) Caverns, however made, have become occupied with vein-material.
2.

Forms and Kinds of Fissures.

Fissures intersect strata vertically or obliquely or make a network. The
angle which the plane of a vein makes with the vertical is called the hade of
the vein; the hanging wall is the upper wall in an oblique vein, and the
opposite is the foot wall.

287.
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285.

286.

VEns. -Fig. 285, two simple veins; 286, two veins, one faulted; 287, a network of quartz veins
Intersecting
schist, the slab 5 feet square.
In the case of upturned rocks, veins may either cut across the beds, or
occupy spaces between them. Such interstitial veins (Figs. 287, 288, 290)
are very common in slaty and schistose rocks, because forces below can more
easily open such spaces than make fractures across the beds; for it is fol288.

289.

/

r r1

290.

291.

/
I i

//'/J / / /I
Interstitial veins.
lowing the grain of the rock. Such an opened space may continue for some
distance between the bedding, and then cut across to another
plane of bed
and
so
on,
the
mean
direction
that
which
the space would have
ding,
being
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followed under the pressure in action, if the rock had had no grain. Or there
may have been mahy spaces opened by tension between the bedding with
out connections across.
Again, the spaces may be simply the thin open
or leaves of a fine-grained schist or slate, of
ings between the lamin
almost paper-like thinness (Fig. 290), like the spaces between the leaves in
a folded quire of paper, so that the veins (which are usually of quartz) look
like delicate interlaminations of the slate.
292
Moreover, under an oblique warping of the
beds by the fissure-making pressure, van
ous irregularities are made in the opened
spaces
The process fills the opened spaces, and
makes the shattered rock again solid, even
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when it is broken to fragments that lie
touching at angles instead of being simply
fissured.
An example (from Cornwall,
Eng.) is shown in Fig. 292, in which gran
Granite veins in slate. De In Beebe.
ite extends in veins into slate. Such cases
are common; and not unfrequently, in the
same region slate or schist occurs in masses inside the granite, as in Fig. 495,

page 448. The following figures represent three parts of one large gran
ite vein, from gneiss, on the coast south of Valparaiso, where veins are
293.
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Granite veins, Valparalso. D., '49.
show quite accurately the
very numerous and of all sizes. The figures
the sides of different parts of the
bedding of. the micaceous gneiss along
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vein, where the rock in some places becomes a mica schist
through the in
crease in the amount of mica; the intervals between the sheets of
granite
are all of mica schist or gneiss.
In the making of fissures, portions of the walls have often fallen into
them. A foreign mass in a vein is called by miners a horse; while
many
masses may make it a brecciated vein.
Veins are often faulted (Fig. 296).
The vein act' is faulted by bb', and
vein 1 is in three parts from other
intersecting veins. The faulting shows
that the vein bb' is of later origin than
290.
aa'; but not how much later, whether
one year or a million .
The following
a
7Z
figures are from the same legion as

the large granite veins, Figs. 293-295.
In the pieces of the vein in Fig. 297,
the width varies, but this is owing to

/\

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

an oblique shove in connection with
the faulting, and to the fact that the vein-sheet varies in thickness. The
parts in Fig. 302 may have connection inside the rock, or they may not.
In Fig. 301, two parallel veins, six feet apart, are represented with
somewhat similar, but still different, faulting.
Veins, as well as dikes, derive part of their irregularities from lateral
displacements after the fracture is made. In Fig. 303, a fissure is reduced
297.

298.

301.

299.

300.

802.

Faulted veins from the vicinity of VaIparnio. D., '49.
to a series of independent open spaces by the downthrow of the side to the
left, bringing the sides at intervals into contact. It may be illustrated in
a piece of paper by cutting it across in the direction of the line a in Fig.
304; then, after opening it a little, and shoving one side first to the right
and then to the left, the conditions in b and c will be obtained.
The lesson
taught is this: that an interruption in a vein, or in a trap ridge, does not
prove interruption in the original fracture.
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3. Mineral Constitution and Structure of Veins.
1. Constitution. -Quartz is the most common material of veins. This
is so because siliceous solutions form at a low temperature, and easily
deposit quartz. Others are feldspcithic and yranitic. Others consist largely
of calcite, barite, fluorite; others of hornblende, epidote, pyroxene, etc.
Moreover, a large part of the minerals of the world, including most of its
gems and ores, occur in veins, and some of them only in veins. The min
erals are crystalline in texture, and where there is any open space, or seam,
in the course of the vein, crystals of one or more of the minerals line the
cavities, making geodes.
found in veins.
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303.

The most magnificent

of

crystallizations

are

304.

When ores occur along a vein, it is in miners' language a lode. The
earthy minerals of the rein are the gangue of the ore, or what goes with it,
and also the veinstones; and the rock outside of the vein, the country rock.
Quartz, calcite, barite, and fluorite, are the most common kinds of gangue.
Iron sulphide, FeS, is a very common associate of all kinds of ores,
In a
constituting the mineral pyrite or marcasite, generally the former.
large part of the important ores of veins, the other metals are in combina
tion with sulphur; but in many with arsenic, selenium, tellurium, bismuth,
a few with chlorine, iodine, bromine.
antimony, with or without sulphur; in
Some ores are in the state of carbonates, sulphates, phosphates, arsenates;
silicates, and two are oxides. The
only two of economical importance are
and not veins.
great deposits of oxides of iron are in beds,
A few metals occur in the native, or unmineralized, state, essentially pure

-as gold, platinum, copper, silver, bismuth, and sparingly so some others.
Almost all the gold and platinum of the world is in this condition, and a
large part of the copper.
The upper, or exposed, part of a vein is often a region of much decom
often oxidize easily;
position, because (1) ores, being mainly sulphides,
and (2) water readily percolates downward in many veins, owing to the
of the vein, and the frequent existence
nearly vertical position and structure
of open spaces along the center and sides. Pyrite is often oxidized to red
ocher, giving a reddish look to the vein rock; and if it contains gold, it often
leaves the scales of gold in the cavities it has deserted. Pyrite also changes
to the yellow-brown oxide of iron. Chalcopyrite, or sulphide of copper and
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iron, also on oxidizing gives red or yellow-brown colors to the decomposed
material of the rock. Moreover, the percolating waters carry the changes
downward, and especially along the sides and center of the vein. The waters
descending along the walls of the vein (and any ascending vapors also) often
alter the adjoining rock to clay, making along the side walls the selvage of the.
vein.

Further, the waters may carry along carbonic acid, or sulphuric acid
(made from oxidized sulphur), and so convert oxidized metals - as of lead or
copper -into carbonate and sulphate. In this way phosphates, arsenates, and
other salts of the metals, as well as carbonates and sulp,hates, become mixed
with the ores of the vein as secondary products.
2. Structure. - Fissure veins are either simple or banded.
Those simple
in structure are alike in mineral or minerals from side to side; while the
banded have the materials in layers parallel or nearly so to the walls, so that
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in a cross-section they look banded.
Uranitic or feldspathic veins are usually simple. They may have great
width, extending sometimes to 100 feet, and may consist of a number of
minerals; but the minerals are not ordinarily arranged parallel to the walls.
The larger veins sometimes contain feldspar and quartz in crystalline masses
that weigh tons, and mica in plates a yard across, and occasionally beryls as
large as a flour barrel. A beryl of Grafton, N. H., weighed 2900 pounds.
Some spodumene crystals are four feet long. From this extreme magnitude

there are gradations to those in which the crystallizations are an inch and
less in size. The granite of veins seldom has the moderate fineness and even
ness of grain fitting it for architectural purposes; the even-grained kinds are
probably always of igneous origin.
305.
6 5 432124W 5
1'*
ill!
lot

307.

306.
qg'l'
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111,1
II
II
II
I
III il II I
.1
Banded vein, Vaipa.
ruI8o. D.

Quartz vein, Cheshire,
Conn. I).

b
d
abc
Banded vein, at (lodoiphin Bridge,
Cornwall. De la B.

But granitic veins are sometimes banded, as in Fig. 305, in which 1, 3,
and 6 are bands of quartz; 2 and 4, bands having the structure of gneissoid
Fig. 306 contains a two-banded vein of quartz.
granite, and 5 that of gneiss.
It illustrates the usual mode of origin of bands, showing that they are layers
made by deposition against the two walls. It is also a vein of copper ore,
the ore lying in the wider open portions of time vein.
Figs. 307-309 represent other banded veins, having the bands in two
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or more sets. Fig. 307
appears as if made up of two veins side by side, abcb
one, and d another; two bands b are
agate bands (uncrystallized quartz), and
at care two bands of crystallized
The two sides of the fissure received
the
simultaneously
deposition of agate, and then, over this, the layer of quartz
in crystals. If a band or
string of ore had been deposited between the two
of quartz, as is common, this would have made it an ore-vein. But in the
308.

-

abb

309

-

ab

c
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Compound veins from Cornwall. Do is B.

a

e

i

figure, the large band d is ore, copper ore; and to make it, the fissure was
reopened along the wall to the left, and the ore introduced without any
"gangue" material. Fig. 308 represents a triple vein, abba one, c a second,

and dd the third; and Fig. 309, a sextuple vein, or one that was opened six
times for new vein-making. Each of the six parts is called a comb in
miners' language.
In one great vein, opened at Freiburg, the layer consisted
of blende (ZnS), quartz, fluorite (CaF), pyrite, galena, barite, calcite, each two
or three times repeated, the layers nearly corresponding on either side of the
middle seam.
The ore of veins occurs in one or several of the bands; or is gathered
along the center; or collected in the broader portions or swellings of a vein,

making nests; or distributed through the gangue.
Most quartz veins cutting through crystalline rocks are actually simple,
though begun in each case by deposition against the walls.
Gold-bearing
veins are commonly ordinary quartz veins, but the gold is usually in
minute, invisible scales through the quartz, though occasionally in threads
of crystals, and "nuggets" or larger masses. In the ease of the gold-bearing
quartz, crushing, and then either washing or amalgamation, are required to

obtain the gold.
Gold-bearing quartz veins contain also more or less pyrite
in which gold is often present profitably, and also often galena (PbS) and
A region of chloritie or hydromica schist
sphalerite or blende (ZnS).
having interlaininating and intersecting veins of quartz, in which occur
some pyrite and galena, is almost always a gold region.
The banded structure of many veins is one of the points in which veins
differ from dikes. But they are often like dikes in having contact minerals

in the walls of the veins, due to the same process which filled the vein.
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4.

Making of Veins.

In the making of veins, the material has usually been deposited against
the walls; and. from the wall layer thus made there has been a thickening to
the center. The work is, therefore, centripetal.

The materials have been introduced either (I) from above, or (2) lat
erally, from the rocks adjoining some part of the fissure, or (3) from below.

The filling of superficial cracks is done usually without aid from heat.
in most vein-making, heat has been required.

But

1. Supeificial Vein-making, not requiring Heat. -The shallow cracks of
rocks, like those of mud-beds, and any cavities opening upward, may take in
calcite, silica, or other ingredients from cold solutions, and make superficial
veins. The process is mere deposition, and commonly without heat.
a similar manner cavities and caves have sometimes become filled.

In

Or
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when a bed is slightly calcareous, permeating waters have taken into solu
tion some of the calcareous portion (calcite), and if cracks or fissures existed,
have filled them with calcite.
Siliceous solutions, in like manner, may make
veins of quartz. So any solution made by oxidations or other means, may
carry material into cracks and produce veins or veinlets.
2. Vein-making requiring Heat. - Vein-making requiring heat is carried
on in regions of hot springs in a superficial way. But in general, the process
has gone forward in fissures permeating hot rocks, and the work of filling
has been dependent on the heat and moisture the rocks afforded.
These
fissures, in the case of the majority of veins, have not descended to regions
of fusion; while in the case of other veins of even greater importance, as
regards ore-production, they have reached fusion-depths and have let up
melted rock. The veins of the first of these kinds are especially common
in Archean rocks; while those of the second belong mostly to later time.
Superficial Vein-making.
Superficial vein-making is in progress at hot springs in Nevada, Cali
fornia, and elsewhere. Such springs, making solfatara areas, are usually
in regions of former eruptions.
In Nevada, at Steamboat Springs, according to J. Arthur Phillips (1879),
fissures are being lined with a siliceous incrustation, while at the same time

steam and gases, with boiling water, are escaping; and "they have been
subjected to a series of repeated widenings," and become lined, to a thick
ness of several feet, with silica, which is in bands, amorphous and crystalline
alternating, and contains some hematite, pyrite, and ehaleopyrite. Accord
ing to Mr. Laur (1863), the silica of these fissures contains also traces of
gold; so that the facts exemplify, as he states, the essential points in the
This view was presented by B. Silliman
origin of auriferous quartz-veins.
and W. P. Blake, in 1864, with reference to the banded quartz-veins (gold
bearing) of Bodie Mountain, north of Mono Lake, which are contact veins
intersecting porphyry. At Clear or Borax Lake, as observed by Mr. Phillips,

HEAT - VEINS.

335

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

the siliceous deposits
frequently contain pyrite and cinnabar (HgS) and.
the sulphur bank, which has there been formed
through the heated vapors,
has been worked as a
mercury mine. J. ID. Whitney described in 186 a
of
in
cinnabar which was supposed to have come from near
specimen
gold
four
miles south of Bear Valley, between Clear Lake
"Sulphur Springs,"
and. Colusa; and Mr. M. Atwood removed doubt as to the source of the
specimen by finding in a fissure at the place mentioned (as reported by
Mr. Phillips) cinnabar overlaid by a brilliant
deposit of metallic gold.
Similar facts are reported by Le Conte
(1882, 1883), from the Clear Lake
and
Steamboat Springs.
In the former, at "Sulphur Bank," occurs
region
with
cinnabar below (which is now worked), and also pyrite and
sulphur
silica.
gelatinous
Le Conte explains the occurrence of cinnabar (HgS) on the ground of its solubility in
a hot solution of sodium sulphide (NaS), - this alkaline sulphide resulting from the action
of the sulphur gas on the rocks which contain a soda-lime feldspar,- and its subsequent
deposition. (For Le Conte on Vein-making, see Am. Jour. Sc., 1882, 1883.) Becker
sustains, by experiments (1887), the view that the metallic sulphides (HgS, FeS2, ZnS,
and less easily Cu..,S) are soluble in solutions of alkaline sulphides, and that they pass
in vapors to be deposited in the veinlets and fissures of the rocks above. He observes
that the Steamboat Springs are now depositing gold; that gold is dissolved by a hot solu
tion of NaS, and that 843'parts of a cold solution of Na2S will dissolve one part of gold.
Deposition of the sulphides is occasioned by cooling; by contact with acid waters - these,
according to Le Conte, descending from the surface where some of the sulphur in the
gases makes sulphuric acid and aluminum sulphate; and also by dilution. Becker pub
lished in 1888 a full report on the quicksilver mines of California. The following facts
illustrate further mineral transformations. Daubre found, in the thermal waters at Bour
bonne-les-Bains, in the bottom of a part of which, in Roman times, bronze, silver, and gold
coins had become buried, the following mineral species, derived from the alteration of the
metal of the first two of these kinds of coins through the agency of the mineral waters, their
temperature 1400 F.: the copper ores, chaicocite (Cu.2S), chalcopyrite (CuFeS), bornige
(Cu3FeS,), tetrahedrite, atacarnite, euprite (Cu20), clirysocol!a, native copper; the lead
ores, cerussite (PbO.C02), anqiesite (IbO.SO2), galena (PbS), phosgenite, and pyrite.
The bronze was found to consist of copper, tin, and lead, or of copper and zinc, with a
trace of iron. The waters afforded, on analysis, chlorides and sulphates of the alkalies
(Na2, K.2, Ca, Mg), with bromides and carbonates of Ca and Fe, an alkaline silicate, with
traces of arsenic, manganese, iodine, boron, lithium, strontium, csium, rubidium, and, in
exhalations, some 1128, N, and C). Similar results were observed by Daubrée at the warm
springs of Plombières, Department of the Vosges.
Veins made by heat in the Earth's Crust, without aid from deep-seated Iqneous
Ejections.
The crustal heat may be that of the earth's crust either during, or not
during, an epoch of metamorphism. Under this head are included most of
the great and small granite veins of the world, the auriferous (gold-bearing)
quartz veins, and all the common veins of metamorphic rocks. They some
times intersect the foliation, but very often follow it. Their formation was,
in general, part of the results of mnetaimorpl1iC heat and conditions; and the
movements attending mountain-making, which produced the metamorphic
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heat, were the source of the larger part of the fissures, and the origin of
their great diversity in form and positions. The heat varied, therefore,
from 212° F. and below, to, in extreme eases, the temperature nearly of
fusion; and it slowly declined as the epoch of metamorphism closed, thus
making the same region to pass through conditions of high-grade heat and
low-grade heat, and, therefore, through conditions for different sorts of
veins. All the transfer and transformation processes through superheated

steam engaged in metamorphism were at work in vein-waking with like
efficiency -those of low heat for filling fissures with quartz, and those of
higher for making feldspathic or coarse granitic veins, and other kinds.
Moreover, the heat so derived continued long, and disappeared with extreme
slowness; so that the filling of veins was usually slow, and the crystalliza

tions going on had almost indefinite time for growing, and generally became
coarse. The gigantic crystals of beryl, mica, and other species mentioned
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on page 331 were thus made.
With the heat so widely diffused, it was not necessary that the opened
spaces for veins should be continuous. An interrupted series of openings in
the upturned strata, as well as the spaces between the leaves of slates and the

thinner schists, would have become as readily filled by materials supplied from
the rocks, as they would if they had been united along continuous fissures.
The hot-vapor solutions, everywhere at work, would have varied their
results according to the temperature, the moisture, and the kinds and con
tents of adjoining rocks.
If the fissures penetrated rocks having veins or
deposits of ore, or sparsely disseminated ores, the ores would be as readily
transferred to the veins as the stony minerals; and the hot vapors, widely
distributed, might gather them in from
a wide region either side of the

fissure, whether at its lowest or highest depths. The vapors, being under great
pressure, would find the fissures escape-ways, and the transfer of material
would therefore begin as soon as they were opened. Veins of lead ore
(galena), copper ores, tin ore, and other kinds are common in the same rocks
that elsewhere have their granite veins. Moreover, veins would be likely to
contain ores at their intersections with some of the rocks they cross when
not at other intersections. As gold occurs commonly in quartz veins, and in
those of the feebly crystalline schists, as chlorite schist and hydromica schist,
no great amount of heat was required for their formation, and the rocks near

by or below must have afforded the gold.
Igneous rocks often have fissures intersecting them (due to contraction on
cooling, or to subterranean action) and cavities (amygdaloidal) within them,
that were filled, in vein-like style, from materials brought in laterally, and
The
mostly while the rock was slowly cooling, as explained on page 298.
permeating hot moisture takes silica, alumina, soda, and lime from the feldspar

of the rock, and makes zeölites (hydrous silicates, related to the feldspar) in
the fissures and cavities; and takes silica, lime, magnesia, and iron from the
pyroxene to make, with some alumina, the dark green chlorite; and sets free
the excess of silica for making quartz crystals.
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The process decomposes the walls of the fissures or cavities to make
the filling materials, the walls showing it by their decayed condition.
The lateral source may be within an inch or a few inches of the place of
deposition; and still it well illustrates much of vein-making. Bitumen or
mineral oil may also be taken in from carbonaceous shales, and deposited in
the aniygdaloidal cavities and fissures; and to its presence J. Lawrence
Smith attributed the reduction of the magnetite in igneous rocks to
grains of native iron, and even the production of the great masses of native
iron brought to the surface by basaltic ejections in Greenland.
The term vesicle, as applied to a vapor-blown cavity in an igneous rock,
has been put into Greek form in the word lithophysa (stone-bubble) by
Richthofen (1860), and applied
common in obsidian, its variety,
in great perfection, as flattened
Cliff, Yellowstone Park (Fig. 279,

especially to peculiar chambered cavities
lithoidyte, and in. rhyolyte.
They occur
in
the
of
the
Obsidian
spheroids,
region
The
following figures are from
page 306).
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310.

311.

312.
313.

L
?
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L1thophyse of the Obsidian Cliff. Iddings.
are shown,
a memoir by iT. P. Iddings (1888). Three of the 1ithophys
in
section
others
in
311,
312, 313.
of natural size, in Fig. 310, and three
Figs.
The rock containing the lithophys* ciunmonly consists of alternating solid
DAN.
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and spongy layers as represented in Fig. 313, and the thin harder bands in
this lamination or straticulation are persistent throughout the lithophy&e;
as the figure shows they were sometimes arched in the making of the cavities,
while often, on the other hand, they prevented the cavity from completing a
The concentric partitions are fragile and consist mostly of
minute crystals of quartz, feldspar, and tridymite; and sometimes topaz and
garnets are in the cavities.
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circular form.

Richthofen regarded the lithophy&e as made by expanding steam, like vesicles in
ordinary lava, and the concentric partitions as having been thrown off in the progress of
the expansion, and hence the name. Mr. Iddings points out close relation between
the lithophysi and the associated radiate spherulites, and doubts the vesicular mode
of origin. The following is a possible explanation. If the cavity made by vesiculation
became at first filled with an aqueo-igneous or jelly-like solution of the rock, the concentric
shells may be a centripetal result, due to progress in cooling and loss of moisture from the
outside.
The process would first produce a deposition of crystals over the confines
or wall of the cavity, and thus deprive the inside solution, adjoining this wall,
of part of its mineral material ; then, the succession of shells might form inside in a
manner analogous to that given for concentric rings on page 130. Johnston Lavis regards
lithophysi as concretions growing radiately outward, and refers the spaces between the
concentric shells to the liberation of vapor from moisture contained in the glass, this
liberation taking place as the glass becomes changed to feldspar in solidification. Whitman
Cross, who adopts the vesiculat.ion theory, found beautiful but minute crystals of topaz
and garnets in lithophy&e of the rhyolyte, of Nathrop, Col. (1884, 1886). Iddings and
S. L. Penfleld have described (1885) yellow crystals of fayalite from those of the black
obsidian at Yellowstone Park. Utah rhyolyte also has afforded topazes.
Veins made by the aid of deep-seated Igneous Ejections,
For the formation of veins through the heat of igneous ejections, the
earth's crustal heat has been the agent, aided possibly by heat from local
crushing and friction. The fissures at great depths may have had the heat
required, without addition from mountain-making movements. The general
steps of progress -that is, the methods of transfer and formation of mineral
material by heated vapors - are the same that have been described.
Fissures descending to regions of fusion are necessarily deep fissures,
and for this reason the veins that have been made in connection with them
include the richest of ore-bearing veins. The deep fissures let out liquid
rock. But they were the means of opening a way for whatever vapors or
solutions the melted rock through its heat, supplemented by the earth's
crustal heat, might gather from the rocks, or their crevices, along the way
up, or from the depths below. The copper veins of the Lake Superior

region are an example; and so are also the richest and the chief part of all
the silver, lead, and copper veins of western America, from Fuegia on the
south, along the western slope of the Andes to Central America, Mexico,
Nevada, Arizona, Colorado, Utah, and Wyoming.
The results differ not only according to the kinds of rocks below, but
also the kinds along the upper part of the fissure: whether they are (1) of dif

ficult corrosion, or (2) of easy corrosion like limestones.
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1. The upper intersected rocks of difficult corrosion.
These rocks are of
kinds
not
calcareous:
as
shales,
any
sandstones, or other related fragmental
kinds, or, but much less frequently, crystalline rocks.
The famous copper mines south of Lake
Superior are an example. The
upper intersected rocks are sandstones, conglomerates, and tufas. The igne
ous rock is mainly of the basaltic type. The copper is native copper con
taining generally 3 per cent of silver, and occasionally speckled with silver.
It occupies irregular fissures and cavities in the igneous rock, especially its
amygdaloidal varieties, and also occurs in the adjoining sandstone. It some
times constitutes amygdules, has often a gangue of zeolites, or coats
crystals of analcite and quartz-crystals, and thus it proves its contempora
neous origin with these materials.
One great sheet of copper was 40 feet
feet
wide,
and
6 inches thick, and weighed, by estimate, 200 tons. The
long, (3
conditions show that the copper came up along with abundant moisture from
some deep-seated source. In 1891, the mining at the Calumet and Hecla
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mine had gone down 4000 feet. It is probable that the deep-seated source
was a region of veins in Archean rocks along the line of the fissure or
fissures holding chalcopyrite, the most common of copper ores.

Another example is that of the remarkable Comstoek lode, Nevada, along
a faulted fissure - now a deserted mining region. The igneous rock at the
broad vein is of the basaltic type, and intersects a region of andesyte of
Tertiary age. The ore deposit extends along the contact of the igneous rock

with those it intersects. The gangue is mainly quartz. The ore is largely
silver sulphides with some native silver and native gold, the last nearly half
the value of the products. Hot vapors ascend the opening, and during the
working it made the cooling of the air with ice necessary in order to reach
the lower depths; and finally the heat caused the desertion of the mine. By
means of the vapors, the diabase and other adjoining rocks had become
deeply decomposed to clay. The total yield up to July, 1880, was over 306

millions of dollars.
(King, 1870; Becker, 1882; Hague and Iddings, 1885.)
In other related veins, the rocks cut through by the upper part of the
fissure vary in porosity and in other ways; and some of the beds become
impregnated with ores, while others receive little or none. Such impregna
tions are occasionally found where no igneous rock by which they could
have been produced is in sight. The following sections, illustrating a case
314.

315.

of this kind, are from a report made in 1879, by Rothwefl and Crouch, on a
district on Virgin River, in Utah, 250 miles south of Salt Lake. The
formation containing the ore-beds (o' is probably Cretaceous (see Gilbert's
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Rep., 158, 111, 1875). The ore is chiefly silver chloride or horn-silver. The
rocks are sandstone, argillaceous sandstone, and shale. The ore-beds are
usually clayey layers or shales, and the ore is most abundant when the

clays contain vegetable remains. Eruptive rocks are not far away, and J. E.
Clayton, in the same report, urges that hot vapors, derived either from the
fissures of eruption, or from other wide-spread fracturings made by the erup
tive movements, were the chief source of the distributed ores.
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In southern Utah and in Colorado, according to J. S. Newberry, veins exist made of
coarse gravel and stones, in which the stones have become coated with argentiferous galena
and other ores, including silver chloride, that were received from below. They are worked
for the silver. Examples are the Bassick and Bull Domingo mines near Silver Cliff, Col.,
and the Carbonate mine at Frisco, Utah. The large fissures were opened near the base of
the mountains, where they became filled with the pebbles, stones, and bowlders of all kinds
there accumulated, and yet received the ascending metallic solutions, and also siliceous
solutions, which deposited at the Bassick mine much chalcedony among the stones.
2. The intersected rocks of easy corrosion. -Many of the richest ore
deposits of the world occupy cavities in limestone made by the corroding
action of solutions or vapors. The cavities were eroded usually along joints
or fractures of the limestone.
Examples occur in the Leadville region, Col
orado; in the Wasatch and Oquirrh mountains, Utah; at the Eureka mine,
Nevada; in Lake Valley, New Mexico; in the Los Carlos Mountains, Mexico;
and elsewhere. The ores of these mines, as generally of others, are of two
classes: (1) the original, and (2) the secondary -mainly the latter. The
original ores include galena (PbS), containing some silver and chalcopyrite,
Some of the secondary are
with sometimes pyrite and sphalerite (ZnS).

silver chloride and bromo-chloride, made from the silver of the galena;
lead sulphate, carbonate, phosphate (and less commonly vanadate and mo
lybdate), made from the galena; zinc silicate, made from sphalerite; and
also iron oxide (hematite or limonite), made from pyrite and from iron in
the limestone; and manganese oxides, probably from the liuiestones.
The following figures show the forms, at Leadville, of some of the cavities
of ore in the corroded limestone (a blue Carboniferous limestone) underneath
a sheet of porphyry, the latter being the igneous rock which carried up with

it the ore and heated vapors. They are from the very valuable Report of
S. F. Emmons (1886). The porphyry is also usually altered and often pene
trated for some distance with ore, and its decomposition has afforded part of
the ore for the limestone cavities.
Although the ore deposits are usually in
a Carboniferous limestone at Leadville, the time of the outflow of the por
phyry and of the making of the cavities was not earlier than the Cretaceous
are
period (Emmons). The similar silver-lead mines of all western America
Laramie or later Cretaceous), or
probably likewise Cretaceous (chiefly the
else Tertiary.
At the famous Eureka Mine, eastern Nevada, where the rocks are all
Paleozoic, the eruptions were Tertiary, according to Hague (1892), and

mostly late Tertiary; they were partly along old fault-planes of post-Carbonif-
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__
lVhitc Porphyry

I.
Vein. Ore
material
cavities
of
ore
in
the
Leadvllle,
inclined
stratum of
showing
Fig. 310, two Carbonate Hill sections,
limestone, a, limestone; b, porphyry; c, ore. Fig. 317, section at Printer Boy Hill mine; letters same
signification. Emmons.
__
Gray Porphyry

The abundance of chloride
makes it probable that sea
and that salt NaC1) supplied
mountain region, was mostly
come from the igneous rocks.

__
Blue Limestone

and bromide of silver in these western mines
water contributed to the ascending vapors,
the chlorine. In the Cretaceous period, the
The ores are supposed to have
SUi)lflerged.

(Becker, Emmons.) This was probably true
to a large extent in some cases, according to the facts afforded by the Kewee
flaw copper region. The hot lavas carried much of the metallic material to
the surface, and as cooling commenced, the ores were condensed in, or gath-
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ered into fissures, and amygdaloidal and other cavities disseminated through
the amygdaloidal rock; and under such conditions they have been mined in
the Keweenaw copper region to the great depth mentioned.
At Leadville, and other like regions, the liquid lavas were in part the
carriers of the ores and vapors to the surface; but the chief part of the
concentration of the ores and the corrosion of the limestone may have taken
place during the cooling of the lavas. The solid rocks of the globe take in

their small percentage of moisture from the waters that become subterranean,
and then hold it; a flow of such waters downward through such rocks, and a
draining outóf their ores, cannot take place, except as complete decoinposi
tion is produced; and the small depth to which decomposition extends in
most igneous rocks shows that the process is extremely slow. The processes
of decomposition and concentration were long kept in progress by the vapors
that continued to rise from below after the eruption had ceased. Finally,
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the infiltration into the vein, or vein-masses, of cold waters from above has
carried on further the work of alteration and corrosion, and this work is still
in. progress.
3. Ore deposits of doubtful origin occurring in limestone. - Great lead
deposits occur in Paleozoic limestones of the Mississippi Valley in Wis
consin, northern Illinois, and Iowa, and in Missouri and bordering parts
of Kansas and Arkansas. They occupy cavities or caverns in. various lime
stones from the Cambrian to the Subearboniferous. The mines of Wisconsin

and Illinois are in the Galena limestone (or the upper part of the Trenton
limestone) of the Lower Silurian; those of southeastern Missouri, in the
Third Magnesian limestone, of Cambrian age; those of southwestern Mis
souri, in the Keokuk limestone of the Subcarboniferous period, and to a
small extent in the Cambrian; those of central Missouri, chiefly iii the

Cambrian limestone, but partly in the Subcarboniferous limestone.
The lead ore, galena, is associated with pyrite, in arcasite ; the zinc ores,
calamine (zinc silicate) and smithsonite (zinc carbonate); lead carbonate,
malachite, barite, and in some places with black cobalt and an ore of nickel.
The ore, in each of the regions mentioned, oceurs in cavities or caverns
From the resemblance between the various
in the different limestones.

deposits, it is concluded that the time of origin was the same for all, and
not earlier than the Subearboniferous period, the age of the latest of the
limestones.
As first made known in the geological report of Wisconsin by J. G.
l'ercival (1858), the ore-bearing cavities follow the courses of the joints (or

system of fractures) in the limestone, and are most extensive along the
larger joints, which are sometimes the lines also of faults. This fact has
been confirmed by later observations.
In the Transactions of the St. Louis Academy of Science for 1875, A.
Schmidt announced the conclusion that the ore-containing cavities in the
Missouri limestones were made when the alterations of the galena took
place, producing the associated minerals, and principally in the more porous
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part of the limestone stratum where limited above and below by cherty
layers; that the rock adjoining was largely converted into dolomite by mag
nian solutions, and that this "dolornjzatjon" was an
early step in the
process, and aided in making the cavities; that the ores often occur mixed
up with chert or sand that were set loose by the decomposition of the lime
stone.
There are two theories of origin, one
deriving the ore from above, the
other from below.
The former is favored and the latter
opposed by the
absence of proof that the bodies of ore extend downward
through the lime
stone vein-like, and that igneous action was concerned. The
theory of filling
from above encounters the objections that the ores of lead are not soluble,
and could not have been carried into the cavities in solution
by sea water,
and that the gathering of galena from Archan veins, once in the
regions,
by abrading and transporting waters, is improbable, and does not account for
the presence of the eroding agents which made the cavities.
The other theory, which was suggested by Percival, and is advocated
by
Jenney (1893), makes the deposits similar in origin to the silver-lead deposits
of Leadville and other Rocky Mountain localities. But the
objections to it
mentioned above exist; and so they do in the case of some Colorado ore
deposits, where igneous action below is nevertheless believed to be probable.
The making of the ore deposits is generally referred to the close of Paleozoic
time, when the Appalachians were made; but Jenney supposes it to have
been at the close of the Cretaceous period, simultaneous with that of most
Colorado deposits.
In Derbyshire, England, the Subearboniferous limestones contain similar
lead deposits, and along with the ores are Permian fossils, proving that
they originated not earlier than the Permian.

The different modes of origin of ore-bearing deposits, above described, are the
following. In the deeper veins the earth's interior heat has been accessory to special
sources of heat.
A. HEAT FROM CRUSTAL MOVEMENTS, AND NOT FROM IGNEOUS EJECTIONS OR
HOT SPRINGS.
(1) Regular veins. - Mostly in metamorphic rocks.
(2) Grouped interlaminar veins. - Generally short, as the smaller auriferous quartz
veins of gold regions, and some tin, copper and other veins.
B. HEAT FROM IGNEOUS EJECTIONS, VAPORS, AND HOT SPRINGS.
(3) Ore impregnating non-calcareous rocks.
(4) Veins or groups of veins intersecting non-calcareous rocks.
(5) The ores in veins intersecting calcareous rocks, and occupying cavities in them
made by their corrosion. Often combined in the same region with 3.
Besides these there are, of uncertain origin: (6) Cavities supposed to be in part previously made limestone caverns, as those of the
Mississippi Valley.
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The principal kinds of ore deposits that have no relation to veins are as follows: (1) Beds of iron ore called limonite, including ttiarsh-niade ores (page 128), sometimes
containing also manganese oxide, cobalt oxide, and some black copper oxide; (2) beds
consisting of concretionary masses of clay iron-stone, the ore either heiiiatite, limonite, or
siderite, -common in coal regions ; (3) beds of hematite and magnetite in metamorphic
and other rocks, which often stand vertical and look like veins, whence they are sometimes
so called; (4) auriferous gravel deposits along valleys, made by the degradation of schists
that are intersected by veins of auriferous quartz.
4. Sediment-filled fissures. - Fissures have sometimes become filled with
sand or gravel from the adjoining beds. Near Astoria, Oregon, occur several
One of them, half a mile above that
large sandstone veins of this kind.
place (Fig. 318), is five feet wide, and extends the whole height of the bluff;
it has two transverse faults, the upper one eight feet. The filling is granitic
sandstone, like that of the inclosing rock.
Another, 18 inches wide, is
shown in Fig. 319; it is in the same rock two and one half miles above
320.
318.

319.
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Figs. 318, 319, sandstone veins, near Astoria, Oregon. I),, 1841.1.
Peak. 1)iiier, 8U0.

Fig. 320, stiudtoiie veins, gouth of Shasta

t;he uast. region
Fig. 320 represents similar sandstone veins I ruin
in California, south of Mount Shasta, described by J. S. 1)iller (1800). Diller
infers, from his observation, that the fissures were filled from below by
an earthquake.
upthrust force (luring the progress ol'
Astoria.
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VI. EARTH-SHAPING, MOUNTAIN-MAKING, AND THE ATTENDANT
PHENOMENA: HYPOGEIC WORK.
The preceding chapters on the
origin of geological phenomena treat of
the agencies by which rocks were made, denuded,
crystallized, and filled
with veins and ores. The subject of the
present chapter is the nature and
origin of the changes through which the earth has received its form and

features, hypogeic work, of which the
orogenic part is the most noticeable.
It does not comprise the work of waters in giving mountain-like
shapes
to plateaus, and thus producing mountains of circumdenudation, or in
making,
by accumulation, hills of detritus; nor the work of heat in building up vol
canic cones, the earth's mountains of igneous accumulation, or in
making
laccolithic domes or masses (laccoliths) - mountains of subterranean igneous
accumulation; for these operations have already been considered; but work
that is consequent, whatever its source, on crustal and interior movements
in the earth, as expressed in the term HYPOGEIC, from the Greek
beneath,
and y, the earth. The attendant phenomena comprise fractures of the earth's
crust and supercrust, dislocations, flexures, crystallization and alteration of
rocks, rock-melting, and other effects.
The facts and explanations here presented are supplemented in the fol
lowing pages on Historical Geology, and the chapter will be best under
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stood if those pages have already been made familiar.

ACTUALITY OF CHANGES OF LEVEL.
All geological history testifies against the stability of the rocky crust of
the globe; and if the earth, as is believed, has cooled from fusion, abundant
reason for this unstableness exists; for the effects of the earth's slowly pro
gressing refrigeration reach backward indefinitely, and downward beneath
all other agencies of change.
But the evidence of instability, although the fact is so obvious, is beset
with doubts as to amount and position, becaue of possible and actual varia
tions in the base from which measurements are naturally made. This base
is the water-line about the land. Hence, we have to consider the sources of

variation in sea level.
1. Changes in the level of the sea-bottom. - When water-made strata full
of marine fossils are found at a height of 1000 feet above the sea, the
evidence of a rise of at least 1000 feet appears to be plain. Yet, a lowering
of the sea-bottom might produce the same result; and it may, therefore, be
a question whether in such a case part, or all, of the apparent upward change
has not been so produced.
So, also, by a reverse movement in the sea-bottom, an apparent subsidence
Here there is actual change of level, but it may be thousands
might result.
of miles away from the land along which the change is made visible. Change
so caused will affect all seacoasts alike; and in this fact a criterion exists for
judging of its reality.
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2.

Changes in the position of the earths axis. - If a change should take
place in the position of the earth's axis, through changes of level in the earth's
crust, the coast-lines of the earth would be throughout affected by the new
adjustment of the water level.
Physicists have very nearly relieved geology
of this source of doubt, by the decision that an effective change of this kind

is exceedingly improbable (page 255).
3. A change in the level of the land. - By the law of gravitation, elevated
lands attract, and thus draw the mobile waters of the ocean toward them
to a height dependent on their mass and distance. Consequently the sea
margin of all coasts is more or less displaced, and much so, wherever the
land mass adjoining rises high above it. It has been calculated that from
this cause the sea level at the center of the Eurasian continental mass is
about 2900 feet above the sea at its margin (R. S. Woodward) ; at the center
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of the Australian mass, about 400 feet (G. G. Stokes, 1849, 1887) ; of the
great plateau of India, 1000 feet, but under the volcanic mountain of Maui,
Haleakala, 100 in mean slope, only 10 feet.
The facts make it evident that the water-line along nearly all coasts, and

especially on the west coast of North and South America, must be very
largely moved inland by the mountain chains; and that, through geological
time, changing levels have always been changing the water-lines. It is to be
observed, furthermore, that this inland drawing of the ocean's water dimin
ishes the height of the mountains above the sea.
The error is on the side of
too little height.
The piling of ice over the laud in a glacier epoch has a like effect, but
with material having about two fifths the gravity of the ordinary land
material. Were the ice of a glacial epoch to be accumulated about the
poles, and thus make a polar ice-cap or meniscus thousands of feet high,
the ocean level would be changed through all latitudes to the equator.
This
cause has been thought sufficient to explain apparent subsidences in the

hemisphere so capped.
But since the change of water level from the equator to the pole would
follow a geometric ratio, admitting of mathematical calculation, the accord
ance of the theory with actual facts is easily tested. In eastern America
the subsidences closing the Glacial period supposed to be thus accounted
for by Croll have no correspondence with the required heights. Moreover,
observations have proved that there was no such polar ice-cap in the Glacial
period.
4. Abstraction of water from the ocean. -Further, the making of great
continental accumulations of ice would lower the level of the ocean and tend
to raise the apparent level of the land.

With the above cautionary considerations in view, noting that the obser
vations about ice relate only to glaciated regions, that the error from the
attraction of the land is on the side of too little height, and that sea-bottom
changes of level affect all coast-lines alike, the following facts may be ac
cepted as proof of changing levels over the earth's surface.
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EXAMPLES OF CHANGES OF LEVEL IN THE LAND.
1. Movements, up or down, are now
going on along the coast of North
America, Scandinavia, Greenland, and elsewhere. Alexander
Agassiz states
that at Tilibiche, in Peru, there is a coral limestone, 2000 to 3000 feet above
the sea level, extending along for 20 miles, in which occur corals modern in

aspect; and that the existence, in Lake Titicaca, of eight species of a salt
water genus of Crustaceans, Allorchestes, suggests the
presence of the sea
over this region, 12,500 feet in height, at no
very distant period. There is
no proof of corresponding changes over eastern South America.
2.

On the coast of Cuba, limestone strata, made in the sea off the
shores, are now (according to W. 0. Cro1y) at different levels up to a
height of 1800 feet, and near Havana, over 1200 feet; and on Jamaica (ac
cording to Mr. Sawkins), and Haiti (according to W. P. Blake), of 2000 feet.
3. In the early Tertiary, the European and Asiatic seas contained Num
mulites, and linestones were made of the multiplying disks. Now, those
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Eocene Nummulitic beds are at a height of 9000 feet in the Pyrenees, 11,300
feet in the Alps, 16,500 feet in the Himalayas in western Tibet, and a few
hundreds only near Paris.
4. In the Cretaceous period, the region of a large part of the Rocky
Mountains and of the Atlantic, Gulf, and Pacific borders of the continent

were beneath the sea, but mostly near its surface; and the marine life of
the sea contributed to the forming of Cretaceous beds. Now, the marine
beds, filled with Cretaceous fossils, are at a height of 10,000 to 11,000 feet in
the Rocky Mountain region; at a maximum height, on the Pacific border, of
only 5000 feet; in Alabama of 700 to 800 feet; and in New Jersey not over
400; and in portions of the western mountain regions the beds are in great

flexures.
5. In the Appalachian region, from the site of Albany, N.Y., to Ala
bama, at or near the end of the Carboniferous period, the surface was near
the sea level, and the rocks, from the Cambrian to the Carboniferous, lay in
a horizontal pile, the upper surface little emerged above sea level. Now,
they are in mountain flexures, and heights of several thousand feet occur

along the line.
6. All the world's mountains, excepting those of igneous formation,
consist of rocks that were made chiefly in the sea; and the highest of them
reached their present level during the latest of the geological ages. And
while some portions of the earth's surface were raised in later geological
time 10,000 to 19,000 feet, other parts underwent little or no recognizable

elevation.
7. Formations of all thicknesses to tens of thousands of feet bear evidence of the shallow-water origin of the successive beds; and they thus
of extreme slowness was in progress
prove that, while forming, a subsidence
over the great area; slow enough for the accumulation of the material in
the surface waters by living growth if the beds consist of limestone, and by
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water-action, if of sedimentary origin. The shallow-water origin of beds is
so generally true that thick formations in almost all cases are proof that a
slow subsidence, equal in amount to the thickness, was going on over the
area during the deposition; and also that without such a subsidence the
making of thick strata or formations has rarely taken place.
Such evidences of actual change of level are good, and have profound
significance. Geology has thus proved that: -

1. Unequal changes have been in progress simultaneously in different
parts of the same continent.
2. The changes in level have usually gone forward with extreme slow
ness-by the few inches or feet a century, though sometimes also by
abrupt displacements. The former are termed secular changes, the latter

paroxysmal.
Another class of facts is represented by the following from Illinois: A section of the coal formation of Illinois, described by Worthen, con
tains 16 coal-beds, large and small, separated by fragm.entaeds and lime
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stones containing abundant remains of marine life.
The coal-beds indicate
eras of emerged land, the marine fossils, intervening eras of submergence, and.
their number shows that at least sixteen alternations between the two con
ditions there took place in the Carboniferous period.
Facts make it certain
that the great Interior Sea of the continent communicated at that time freely
with the ocean to the south. The same region thus went up and down,
changing the dry land outline and the sea depths; and the changes went on
with extreme slowness, for coal-beds, as well as the much thicker marine
beds, were slow in accumulation. Facts of similar import are afforded by

all the successive formations, from the Cambrian upward, and alike on all
the continents.
In explanation of such changes it may be questioned
whether subsidenees over the sea-bottom may not have produced some or
all of these oscillations in level. As far as evidence can be obtained, the
changes were independent of movements in the ocean; for the coal-beds of
Illinois and those of Ohio and Pennsylvania do not show that uniformity
of parallelism which this hypothesis requires.
Further: changes of level are now in progress, both of the slow secular kind
and of the sudden or paroxysmal. The following sketch represents a ease in
which a Roman temple has passed through a time of partial submergence
The temple is that of Jupiter Serapis
below the level of the Mediterranean.

It was originally 134 feet long by 115 wide; and the roof was
Three
supported by 46 columns, each 42 feet high, and five feet in diameter.
of the columns are now standing, and they bear evidence of submergence for
a considerable time to half their height. The lower twelve feet are smooth;
for nine feet above this, they are penetrated by lithodomous or stone-boring
shells, remains of which (a species now living in the Mediterranean) were
at Pozzuoli.

found in the holes. The columns, when submerged, were consequently buried
in the mud of the bottom for 12 feet, and were then surrounded by water nine
Five feet below
feet deep. The pavement of the temple is now under water.
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it, there is a second pavement,
1)10vi11g that these oscillations had gone on
before the temple was deserted
by the Romans. It has been stated that,
for some time previous to 1845, a slow
sinking had been going on, and that
since then there has been as gradual a
rising.
At the earthquake in 1819, about the delta of the Indus, an area of 2000
square miles became an inland sea; and the fort and village of Sindree sunk
till the tops of the houses were just above the water.
Five and a half miles
from Siudree, parallel
321.
with this sunken area,
a region 50 miles long
and in some parts 10
broad was elevated 10
feet

above

the

delta.
.
The
Ihe natives call it, with
reference to its origin,
Ullah Build, or Mound
In 1838, the
of God.
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fort of Sindree was still
half buried in the sea
and, during an earthquake in 1845, the Sin
dree Lake was turned
into a salt nrrsh
In

1822, the

coast

along
by Concepeion
and Valparaiso, for 1200
miles, was shaken by an
earthquake; and it has
been estimated that the

coast at Valparaiso was
raised three or four feet.
In February, 1835, anearthquake was
felt from Copiapo in
Chile, eastward beyond
the Andes to Men doza.
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Temple of Jupiter Serapie.

an elevation of four or five feet at
Captain Fitzroy states that there was
rpalcaluiano, which was reduced by April to two or three feet. The south
side of the island of Santa Maria, near by, was raised eight feet, and the
north, ten feet; and beds of dead. mussels were found on the rocks, ten feet
above high-water mark.
The secular movements which have been observed are confined to the
middle and higher temperate latitudes, and may be a continuation of the
series which characterized the earlier part of the Quaternary age.
For 600 miles from
In Greenland a slow subsidence is taking place.

350

DYNAMTCAL GEOLOGY.

Disco Bay, near 69° N., to the Firth of Igaliko, 60° 43', the coast has been
sinking for four centuries past. Old buildings and islands have been sub
merged; and the inhabitants have had to put down new poles for their
boats, the old ones standing, Lyell observes, "as silent witnesses of the
change."
On the North American coast, south of Greenland, from Labrador to
New Jersey, it is supposed that similar changes are going on. G. 1-I. Cook
concludes, from his observations, that a slow subsidence is in progress
along the coasts of New Jersey, Long Island, and Martha's Vineyard, and
has deduced, from the positions of buried stumps over large areas along
the New Jersey coast, a rate of two feet a century.
According to A. Gesner
the land is rising at St. John, in New Brunswick; sinking at the island of
Grand Manan; rising on the coast opposite, at Bathurst; sinking about the
head of the Bay of Fundy, where there are regions of stumps submerged
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35 feet at high tide, and about Minas Basin, in Nova Scotia, except, perhaps,
on the south side.

On page 149 the reasons are given for believing that coral reefs and
islands are proof of a slowly progressing subsidence, as first suggested by
Darwin. On the physiographic chart, page 47, the line CCC, extending in an
easterly direction from the Pelews, divides coral islands from those not coral.
Over the area north of it, to the Hawaiian Islands, all the islands are atolls,

excepting the Marquesas and three or four of the Carolines. If, then, the
atolls are registers of subsidence, a vast area has partaken in it, - meas
uring 6000 miles in length (a fourth of the earth's circumference), and
1000 to 2000 in breadth. Just south of the line there are extensive
coral reefs; north of it the atolls are large, but they diminish toward
the equator, and mostly disappear north of it; and, as the smaller atolls
indicate the greater amount of subsidence, and the absence of islands

still more, the line AA may be regarded as the axial line of this great
Pacific subsidence. The amount of this subsidence may be inferred, from
the soundings near some of the islands, to be at least 3000 feet. But as
200 islands have disappeared, and it is probable that some among them were
at least as high as the average of existing high islands, the subsidence in
some parts cannot be less than 5000 feet.
the Tertiary era.

This sinking probably began in

During the progress of this subsidence, or since it ceased, there have been
many cases of isolated elevation. The following are some examples from
the Pacific: Oahu (Hawaiian Islands), 25 feet; Elizabeth island, Paumotu
12
Archipelago, 80 feet; Metia or Aurora, 250 feet; Atm, Hervey Group,
feet; Mangaia, 300 feet; Rurutu, 150 feet; Ena., Tonga Group, nearly 500
feet; Vavau, 500 feet; Savage Island, 100 feet; Rota and (inam, of the
More than 25 others have undergone soiiw elevation.
Ladrones, 600 feet.
Off the New Guinea coast, some atolls have been raised to a height of 300
or 400 feet, and a central basin 100 feet deep, with vertical walls around,
occupies the place of the old lagoon.
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Thus the earth is still undergoing changes from paroxysmal movements
and prolonged oscillations. The changes, while probably more restricted
than in the ages of progress, are yet the same in kind.

CHARACTERISTICS OF DISTURBED REGIONS AND MOUNTAINS.
General Explanations.
The general range of effects. - A disturbance, in geological usage, is an
event in which rocks -formations of wide extent -are moved, and more or
less fractured in the process. Over some great areas they have been shoved
1.

up or depressed with little variation from horizontality ; and over others
there have been profound flexures and faults involving thousands of feet
of strata throughout regions hundreds of miles wide and thousands long.
Explanations and illustrations have already been given of upturned beds,
flexures, faults, and flexure-faults (page 99), and of the metamorphism
and vein-making, which have attended great mountain-making movements.
The object of the present chapter is to present all the various orographic
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phenomena in their relations as they occur combined in the structure
of mountain ranges and systems of ranges, and to explain, so far as is at
present possible, the origin of orographic movements and of the resulting
structures.

In the first place, some facts in molecular physics of fundamental impor
tance as regards flexures, fractures, and faultings of solids, are here briefly
illustrated, and then follow descriptive examples of several mountain-struct
ures, as a prelude to the discussion of the question of origin.
2. The flow of solids. - Solid metal and rock, when under pressure, as
first illustrated by Tresca, yield through molecular movement, and may thus
become compressed, drawn out, flexed, and otherwise deformed. The yield
of shot, through movements in
ing is very much like that in a bent bag
the shot. In the case of metals, ice, and rocks of even texture, the change,
In the bending of a
if slow enough, may take place without fractures.
mass of rock or ice by gravity, molecules of one side push the adjoining,
and these others throughout the mass, until the adjustment is complete.
Hence the density is nowhere changed. The flow of metals is now util
ized extensively in the shaping and punching of cold metal for various
at the Stevens Institute, Hoboken,
purposes in the arts. In experiments
the Franklin Institute for March,
by Mr. David Townsend (Journal of
and measured (being
1878), rectangular blocks of iron, accurately planed
made about 1Th inches wide and thick, and 25 inches long), were punched
of au inch in diameter. The
cold through the center with a punch
of an inch (instead of F75
core which came out (Fig. 323) was only fblock, it was essentially un
inches= f) long; and yet, like the punched
and measurements show
changed in density. Mr. Townsend's experiments
filled the hole had moved off latthat six tenths of the metal which had
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erally, or in. the direction of the width and length of the block; and this
lateral movement or flow had bulged the sides much more at bottom than
at top, and most about the middle.
At
322.
bottom the block was increased
in
width
and
in length
The block had
I
;
been made of plates of iron welded together, and these were bent downward
as the punch passed in, the lower ones
the least; and Fig. 322 shows the apt. I
.
pearance of the surface, after polishing
and etching with acids, of a section
--__
-'
through the middle, when the punch
14
had entered 1+ inches, and the core pro-"
"
jected an eighth of an inch.
Such facts, together with those relating to the heat developed by friction,
take the mystery out of the process of
Punch at a depth of i inches.
flexing rocks.
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323.

3 Fractures and displacements under
pressure. - The production of fractures
through lateral pressure has been experimentally illustrated by Daubrée. In one
of his experiments he used an oblong

square prism consisting of layers of
beeswax, and applied the force at the
Core out. Townsend.
middle of the two ends after protecting
uilem by small blocks or plates of the same cross-section.
Fig. 324 represents, half the natural size, the prism ready for the experiment.
One of
the results, after applying the pressure, is shown in Fig. 325 ; and another,
after using a stronger pressure, in Fig. 326.
In both, a flexure becomes the course of a fracture, and also of a fault;
and in 326 it is shown that the flexure-fault is not at the axis of the flexure,
but beyond it, between the anticline and syncline. In Fig. 327 are shown
---

.7
Li

324.
- .- .------.--------------------

-- -

-

\'\'

-

Prism made of layers of wax of different colors.

(x ".)

Daubrde.

two oblique fractures and faults, obtained in another trial. The fractures
have their planes parallel as well as very oblique; and the faults were made
So the greater fractures of
by a shove up along the oblique surface.
mountain regions usually have like obliquity as well as parallelism, and
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sometimes large displacements in the same
upthrust way. The direction of
of
the
of
fracture,
dip
plane
as the figures show, is, in the case of a synclinal
325.

326.
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bend, the reverse of that in the ant iclinal.
In subjecting to vertical pressure a
square block of
wax, having a breadth of five and a half inches and a
height of about a foot, an oblique diagonal fracture was made with some
bulging of the sides; and, adjoining the
327.
fracture, as a consequence of the molecular
movements in the bulging, fine rectangular
':
cracks were produced, like a delicate net
work.
Cubes of hard rock under vertical press
ure usually break off at the angles and
edges, leaving two rounded cones with their
apexes at the middle; but a tabular block of limestone was reduced by Daubrée
to vertical prisms and plates.
CHARACTERISTICS OF SOME TYPICAL MOUNTAIN RANGES.
1.

The Appalachian Mountain Range.

The structure of the Appalachian Mountains was first investigated by
Professors W. B. and H. P. Rogers in connection with geological surveys
of the States of Virginia and Pennsylvania; and their results (1842)
gave many fundamental principles to orographic science.
in Virginia, by H. P. Campbell,
Fig. 328, A, B, sections of part of the belt
afford a general idea of the system of flexures (1893). Each represents the
rocks for a breadth of about 10 miles across the range, in iockhiidge and
Bath counties. Between the two sections there is an interval of about eight
miles.
The numbering of the formations corresponds with that on page 410;
the limestone areas are blocked, the shales ruled, and the sandstones dotted.

Farther to the southeast, in the same line, there are closely crowded overthrust flexures.
In the construction of the mountain range from New York to Alabama
to the floor of crystalline Archan
(1) the whole Paleozoic series of strata
rocks - in some parts 40,000 feet thick -were involved in the system of
flexures; (2) the flexures are generally parallel to the axis of the mountain
DANA'S MANUAL-23

354

DYIAMICAL GEOLOGY.

range; (3) the axis is usually nearly straight, but sometimes bends around
through a large arc; (4) instead of one flexure for the range, or parallel
flexures of like length, there is generally a succession along the mountain

region, one rising near where another ends, making overlapping series.
There is no crumpling of the beds, and no long intervals of horizontal beds
alternating with the flexed. Some single flexures are 80 to 100 miles long;
and they vary in span from one mile or so to 20 or more.
In time finer kinds
of rocks flexures occur of a few inches or less, which are like wrinkles on
the great rock-sheets.

(5) The flexures have rarely the ridge line horizontal; and, in adjoin
ing flexures it often inclines in opposite directions, this being a mechanical
effect in the process of warping.
Further (6), the axial plane of a flexure is seldom vertical, the opposite

slopes, in a transverse section, being unlike; hence the flexures are mostly
unsymrnetrwal, even when not overthrust flexures (page 103). Again (1). the
flexures have the steeper side generally facing northwest, away from time Atlan
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tic Ocean; at the same time they are by far the most numerous and close
pressed, and most generally overthrust, in the eastern part of the range, or
the side toward the ocean. The mountains have consequently a front-and-rear

structure, the front side facing the ocean.
This flexing of rocks to such depths appears less incredible when it is
noted (a) that the strata so treated were generally those of sedimentary
formations; (b) that they were, for the most part, only partially consoli
dated, the limestones excepted; (c) that all the rocks contained much
moisture, and had their cohesion diminished thereby; (d) that as the move
ment ,proceeded, heat was being generated by friction, which, if low in

degree, made siliceous solutions that would diminish friction by the dissolv
ing action, and, if high, produced superheated vapor and a general softening
of the flexing masses.

Again (8), great upthrust faults, with displacements 10,000 to 20,000
feet or more, exist in the region of flexed roeks, and especially where the
flexures are overthrust and close pressed; and they are sometimes, if not
generally, flexure-faults, with the thrust westward along the flank plane of

the overthrust flexure. Professors W. B. and H. D. Rogers, in their ad
mirable paper on the Appalachians, observe that "the passage of an inverted
fold into a fault is of common occurrence," and that some flexure-faults
have, "in southwestern Virginia, a length of about 100 miles." They
always occur on the northwest side of the flexure, as in the following
figures taken from two of their sections ; and they begin, say these authors,
with the thinning, or " disappearance of one or more of the groups of
softened strata lying imnrne(liately to the northwest of the more massive
beds." " The dislocation increases as it is followed along, until finally time
lower beds (Ii) of the Lower Silurian are found resting directly on rocks
These two sections are from the
of the Carboniferous series (X, XI)."
stm fault, the first near its place of beginning, and the second, where the
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condition is nearly that just stated, the lower beds (II) being in contact
In the former, III and V (Hudson River and
with the Devonian (VIII).
Clinton shales), of the flank of the anticline, are greatly thinned down (as
To the
compared with the thickness on the other side of the flexure).
southwest the strata successively disappear until the condition in Fig. 330
329.
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exists; and then that in which II and XI, both great limestones, are in con
tact. But, as they state, the ingulfed strata may, in some places along the
course, be found standing in isolated knobs between the two formations,
II and XI. The Professors Rogers observed, as reported by Lesley, that the
lines offaults of Virginia are continuous with flexures in Pennsylvania.
Just beyond the cluster of great faults in the Appalachians comes the
high plateau, or table-land, characteristic of the northwest border of the
Appalachian Range. In East Tennessee it is called the Cumberland Table
land; Fig. 331, by Safford, represents it with the height proportionally
331.

N. W.

S. E.

Cumberland Table-land, Tennessee-, c, Crab Orchard Mountain; 2, CambrIan; 8, 4, Lower Silurian
(Calciferous and Trenton); 5, Upper Silurian; 7, Devonian (Black shale) ; 8, Subcarboniferous; 0, Coal
measures. Vertical scale 2000 feut = 1 Inch; horizontal, 12 miles = 1 inch.
much exaggerated. It is 2000 feet high, and 900 to 1200 above the Great
Valley of East Tennessee (the low eastern part in the figure), which is the
region of the great flexures and faults reduced to a valley by denudation.
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The width is 40 miles for the higher
part, and 215 to 30 for the lower
western portion. Farther west is the central basin of Tennessee, a region
of Lower Silurian rocks. Tennessee thus owes its grander features, its high
eastern table-land, and its transverse plain beyond at a lower level, to move
ments attending the making of the Appalachian Mountains, and the denuda
tion which ensued.
The Cumberland Table-land is continued northeastward through Virginia
and Pennsylvania to southern New York and the Catskills; and in this
northern part it is over 4000 feet high, and fronts the Hudson River Valley
with precipices of nearly 2000 feet. The Great Valley of East Tennessee
becomes, as the Professors Rogers observed, the Shenandoah Valley in Vir
ginia, the Cumberland Valley in Pennsylvania, the Kittatiuny of New Jersey,
and the Newburg part of the Hudson River Valley in New York.
This prolongation of prominent features, orographic and denudational,
gives an individual character to the Appalachian Range. Lesley's colored
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geological map of Pennsylvania, the first in his geological atlas of counties,
illustrates well the interlocking flexures in the rocks as they pass through
the state, with the great table-land region on the west and north. The facts
are displayed also on his topographical map of the state, a reduced copy of

which is introduced on page 730.
(9) The making of the Appalachian Mountains went forward after the
cli se of the Carbonic era, and hence the mountains stand as a fitting time
(10) During all Paleozoic time, the pre
boundary to Paleozoic history.
paratory work of making the rocks was slow in progress. Moreover, the
deposition of the 30,000 to 40,000 feet of strata took place within a gradu
ally deepening trough, or geosyncline, the deepening so gradual that the

deposition kept pace with it. The great trough had an area as long and
wide as that of the future mountain range. The Paleozoic strata in it have
feet greater than the same series of
consequently a thickness 20,000 to 25,000
strata in Indiana and Illinois -regions outside of the geosyncline. This
that the Carboniferous marshes nowhere
depth is made certain by the fact
Paleozoic series was completing.
lay much above the sea level when the
had some subordinate longitudinal
(11) Facts indicate that the trough
flexures along its bottom; but still, as the diminution westward in the thick
ness of the beds shows, it was one trough.
The knowledge of the Appalachian facts led Professor James Hall to sug
of deposition preceded the upturning in all
gest in 1859 that a similar trough
cases of mountain-making. It was the first statement of this grand prin
ciple in orography.
2. The Post-Triassic or Palisade System of Ranges in Eastern North America.
The Palisade mountain system comprises eight to ten independent ranges.
1000 miles long, extending from
They occur at intervals over a region
Nova Scotia and Prince Edward Island on the north, southwestward to the
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northern limit of South Carolina. The rang4's are from 10 miles in length
to about 350 miles; and their general course is closely parallel to that of the
They
Appalachian Mountains, even to its westward bend in Pennsylvania.
overlie Archau or Cambro-Silurian rocks. The Connecticut River Range is
12,0 miles long; and the "Palisade Range," extending from southern New
See, further, the
York, on the Hudson, into Virginia, is 350 miles long.
The rocks
account of the American Triassic under Historical Geology.
the
The depth of the rocks of
are solely Triassic in age.
ranges varies
feet.
Facts
that
were
laid down in
from 3000 to possibly 8000
they
prove

each case in an independent, gradually deepening geosyncline.
The strata, through the whole 1000 miles, are alike in their essentially
fresh-water or brackish-water formation ; in the granitoid origin of the sand
stones and shales, as well as in their general system of structure.
The dip of the beds is, with rare exceptions, monoeliiial, and mostly
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between 5° and 25° in angle. In the Connecticut Valley, it is 5° to 25°
In two North
eastward. In the Palisade belt, about the same westward.
Carolina belts, the eastern has eastward dip, and the western, westward.
The only marked one that has
Flexures are local, and of rare occurrence.
been reported is a large syncline in the short Richmond basin.
But this is not evident in large visible
The rocks are much faulted.
displacements along fractures, but in the striated or scratched surfaces over

large areas, which indicate the slipping of bet! on bed, and along the surfaces
of the numerous small fractures; sometimes all sides of blocks, even when
they are no larger than the hand, are striated.
All the Triassic areas have their lines of trap-dikes; and the associa
tion of the igneous rocks with the stratified is so intimate and so extended
that the two must have had in some way a common history. The ejection of
some of the trap, moreover, preceded the later depositions of sandstone. The
trap-ridges, which consist of a large trap-mass, generally 200 to 300 feet
thick, underlaid, and partly overlaid, by sandstone, have usually a bold
palisade-like front (page 804), of which the "Palisades" on the Hudson are
an example, and the name Palisade System is, therefore, all appropriate
name for the system of ranges.
The facts indicate (1) a general unanimity of movement in a series of

geosynclines or troughs that were wholly separated from one another in
their rock-making; and (2) a disturbance that resulted almost everywhere
in monoclinal uplifts of low angle, and was accompanied in most parts, flow
and then, or at the close, with fissure-ejections. There is hence a combina
tion in the Palisade System of eight or ten individual mountain ranges.
In
the nearly total absence of flexures, the ranges differ from the Appalachian
Range, while like it in the preparatory geosyncline of deposition and in the
occurrence of great faults.
The Sierra Nevada Range is supposed to have been made at the close of

the Jurassic, or a period later.
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3. The Laramide Mountain System,
including the Wasatch Range.

The Laramnie system of mountain ranges extends
along the sunmit of the
Mountains
far
northward
into British America, and southward into
Rocky
Mexico. In British America, just north of Montana, the upturned belt lies east
of the Archaaii l)roLxis. In the United States it occupies the summit region
or the mountains, between the line of the \Vaateh Archean and the Front
Faiige or 1rot:xis. Dr. G. M. Dawson states that, in British America, the
belt of upturned rocks along the summit of the Rocky Mountains extends

from Montana northwestward, with a small interruption, to the Arctic Ocean,
which it reaches west of the Mackenzie delta.
The roeks involved were those of all Paleozoic and Mesozoic time, Cam
brian beds making the bottom, and the Laramie, or the uppermost forina
turn of the Cretaceous, the top. The whole thickness of the series in
British America, between i0° and 4° N., is 34,000 feet (R. 0. V. McConnell,
1587), and in the region of the Wasatch, about 31,000 feet (C. King. 1878)
as nearly as has been learned this was the final depth of the geosyucline in
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which the deposits were accumulated.
The facts from British America, as reported by McConnell (1887) and
Dawsuu ( 1S86), are much like those of the Appalachian region.
The following figures, by McConnell, from a point in the range not far
from the line of the Canadian Pacific Railway, show the Cretaceous rocks
332

-QQQ

334
coat

or the bottom beds of the Paleozoic,
(Cr, Cr) overlaid by the Cambrian (C),
almost horizontally for a width of two miles; and the describer states that
the. whole width of the overthrust of the Cambrian at this place is, by his
estimate, seven miles. These Cambrian beds are overlaid on the west by
Devonian beds (I)), and by the Carboniferohms (Cb'. Oh'), which have a fault
thrust is away from time ocean, as in the Appa(F) between them. The
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lachian region of east Tennessee; and other flexures in this part of the region
are overthrust in the same way.
In the western half of the disturbed belt
Silurian and Devonian strata occur, and there is one fault in which the
thrust is westward.

Similar facts and sections are reported by Dawson from
the country just south, between the parallels of 51° and 49°.
335.
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the
Waeatcb
Mountains and adjoining part of Utah. Reduced from the large colored plate of the
Map
AllaN of the Fortieth Parallel Survey.
To the south of this region, in western Wyoming, according to A. C.
Peale (1877) and 0. St. John (1878), there are sections similar to those
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described by McConnell and Dawson. Farther south, in Utah, stands the
Wasatch Range of the same Laramide system. The accompanying map of
the Wasatch is a reduction of the colored geological map in the Atlas of the
Report of the Fortieth Parallel Survey under Clarence King, and the
highly instructive facts here presented are from King's volume.
The Wasatch Mountains extend for more than a hundred miles along the
east side of the Great Salt Lake Valley. They face west with a bold front,
rising abruptly from the plain to a height of 5000 to 6000 feet, which is
10,000 to 12,000 feet above tide level. At the western foot are Ogden, Uinta,

Salt Lake City, and Provo. The eastern slopes are more gradual.
East of
its southern half stretch away the Uinta Mountains for 150 miles, a great
east-west plateau, or table-land, feebly anticlinal in structure, and 10,000 to

over 13,000 feet high. Only one fourth of its length is within the limits of
the map. North of the Uinta Mountains there is the great "Wasatch
Eocene basin," lettered W on the map, 5000 to 7000 feet above the sea level,
and south of it the "TJiuta Eocene basin," nearly 10,000 feet high, let
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tered U.

One remarkable feature of the Wasatch Range is its backbone of Ar
chan rocks along its western front, - a mountain range of Arehan origin
which stood there, submerged or emerged, through all the rock-making and
mountain-making of Paleozoic and Mesozoic time, the prototype and model
ler of the later Wasatch Mountains. There are four Archan areas in sight
along the range, indicated on the map by the Nos. 1 to 4, and by a covering
of small v's.

Commencing at the north, Nos. 1 and 2 are short, but No. 3 has a length of 25 miles.
Between No. 3 and No. 4, and nearly abreast of the Salt Lake City site, comes the great
gap of 15 miles in the Archean. South of the gap, No. 4 has a height of 11,295 feet,
but just to the east of it is Clayton Peak, also Archan, 11,889 feet.
The rocks of the Wasatch Mountains include those of the long series from the Cam
brian to the Upper Cretaceous. The Cambrian areas are lettered C; they are the black
areas finely lined with white. The Carboniferous are lettered Cb (Cb1, Cb2, Cb3) ; the
Cretaceous, Cr (Cr', Cr2, Cr3, Cr') ; the Silurian, S; the Devonian, D ; the Triassic, Tr;
the Jurassic, J. The distinguishing markings of these areas will be learned by means of
the lettering.
The flexures of these rocks in the structure of the Wasatch Mountains
are not all the usual up-and-down flexures; there is, besides, an in-and-out
series between and about the Archan summits, as well as upon them. They
courses of the black Cambrian areas. Com
may be traced by following the
an eastward bend toward Weber, then a
mencing at Ogden, there is first
westward, back to the summit of the mountains; then, all the formations
which heads through
are gathered into an east-west trough, or syncline,
from
the north and south
the Gap,-the strata that lie in the Gap dipping
termination, of the bend passed
toward its center. The head, or western
of the flexure. South of the Great
the summit, disastrously to the extremity
the rest of the formations lie around Clayton Peak
Gap, the Cambrian and
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and Archeaii No. 4; and then the Subearboniferous limestone (Cb') bends
over the summit, saddle-like, with some outcropping I)e'oiiiaii along the
middle. It is a complex system of zigzags in the great 30,000-toot pile of
rock formations. From the range of strata involved, and their thickness, it
is apparent that the making of the mountain was preceded by an accumula
tion of strata from the top of the Cretaceous down to the ArcItean ; and
that the strata were slowly formed in a subsiding area, or geosyiieline, like
the strata of the Appalachians.

The relation of the Wasatch to the Uinta Mountains is learned by following the out
cropping belts from near Weber southeastward to Echo, and thence to the Uinta. The
whole series of beds, from the Cambrian to the uppermost Cretaceous (the Larainie, CH,
finely cross-lined), is here included. The dips are eastward 450 or more to Echo, which
has CO either side, where they are 20°, and then northwestward to the top of the Uinta
there is hence a syncline at Echo, and an antieline at the broad Uinta summit., where the
dip is 40 to 5° north and south ; the rock, Cb, S the middle Carboniferous.
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Over the neck between the Uinta plateau and the Wasatch Range, there
is a large area of igneous rock (trachyte) lettered [(time initial of fire, or the
Latin focus), apparently a consequence of the enormous amount of warping

in the great pile of rocks. Two other smaller tracliytic areas exist to the
north in the same line.
The 'Wasatch and Uinta regions were, therefore,
in
a
involved
common system of profound movements, in which were flex
ures and warpings, with fractures deep enough to let out melted rock.
Moreover, the country east of the AV, asateli participated in the warp
ing; for the Cretaceous beds occurring over it have high dips, and are
portions of flexures, or of upturned masses, that have become isolated by the
large amount of denudation which the country has undergone, the excava
tions being not now risible only because they became filled by the depo
sitions of the Eocene Tertiary. The IJinta plateau, on the landward side of
the Wasatch, has some relation in position to the Cumnberland Table-land on
the landward side of the Appalachians.
The great Uinta mass, 20 by 150
miles in area, is divided by (led) fractures into a few blocks which are only
slightly displaced, as well illustrated by Powell.
Seventy-five miles south
Mountains
of Great Salt Lake, where time Wasatch
proper may be. said to
end, there commences the series of "high plateaus," which extends south
ward to the borders of the Colorado Gallon.
This plateau region is one of
great faults, of few gentle flexures, and of monoelinal uplifts, with intersect
The rocks are the same that make
ing caflons as a result of its denudation.
the Wasatch and Uinta Mountains, except that large areas are covered with
igneous outflows.
The following cut (Fig. 336), by Powell, represents a portion of time plateau
region north of the Colorado (Jauioii, with its flexures sometimes passing into
Time Colorado River flows in Marble Gallon.
faults.
Time heights look

small, but the fault at W. K., the West Kaibab fault, is 2000 feet high; at
ni
E. K., the East Kaibab, 3000 feet; at
the Toroweap fault, 700 feet;at
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336.

H., the Hurricane fault, about 1800 feet,
And
becoming 6000 at the Virgen River.
some of the plateaus exceed 11,000 feet in
The long range of bluffs to the
height.
eastward, commencing above the letter E.,
is that of the Echo Cliffs; and the upward

.iJ(j
!J(
G
/
a

L//

bend is attributed to a fault of 3000 feet
(Dutton).

Ascending the plateaus facing the Grand
Caflon region, the Carboniferous rocks are
left behind, and a rise made over outcrops
of Permian, Triassic, Jurassic, and Cretace
ous rocks. At W. K., and to the westward,
the faulting is a downthrow of the block
next west, while east of it the displacement
is a downthrow of the block next east.
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These plateaus south of the Wasatch
Mountains take the place of the mountains,
being results of the same post-Cretaceous
disturbance.
Mr. King, in his account of the Wasatch
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Mountains, recognizes the principle that Archan forms of surface determined the
Positions of lines of distui'bance or uplift in
mountain-making areas of later time, and
influenced also the kind and amount of disturbance. He observes that the Archean
ridge which makes the flank and partly the
crest of the Wasatch Range was the means

of locating there, by mechanical resistance,
the great flexures.
In other parts of the
same region, where there are no Archan
elevations, the disturbance resulted only in
He suggests that the
"high plateaus."
tJinta plateau may have been thus located,
although very little Archean rock is now
in sight about it.
To the eastward of Utah, through Colorado, along the Elk Mountains, the San
Juan

Mountains,

and

the
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Park regions
,
farther east, there are other more or less
kV1
E. 0
independent ranges of contemporaneous
I- :
;D :L
Ith
J
origin, and they are continued interruptedly
into the northern part of New Mexico. The narrow upturned belt at the
eastern foot of the Front Range of Colorado, described, from the beds near

DYNAMICAL GEOLOGY.

364

Denver, first by Marvine (1873), is of the Laramide system; and it is con
tinued south through I-I uerfano County, into New Mexico along by the Raton
coal-field (C. S. Hills). Still farther south upturned Cretaceous beds extend
along the traus-Pecos region of western Texas, and thence into Mexico. But
the limits of the several ranges and their relation to the Laramide system
need further study.
The sketch in Fig. 337, from the west slope of the Elk Mountains, in
Central Colorado, shows a sigmoid twist in the stratification of the
rocks, the highest in the series being the Cretaceous; the warping of the
strata is strikingly exhibited. W. H. Holmes has sections of flexures and
flexure faults of the Elk Mountains in the Hayden Expedition Report for
1874, two of which are closely like the form obtained by Daubrée in his
experiments (Fig. 326, page 351).
317.
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Upturned strata of the west slope of the Elk Mountains, Colorado. The light-shaded stratum, Jura-Trias;
that to the right of it, Carboniferous-, that to the left, Cretaceous. Hayden's Report.
Igneous ejections attended the mountain-making in many parts of the
upturned region, from Wyoming southward, and some volcanoes may date
from this epoch.
4.

Tertiary Orographic Movements along the Pacific Mountain border.

1. The great geanticline. - At the close of the Cretaceous period the
latest beds lay at or near the sea level; and after the making of the
Laramide mountain-chain the region was still but little above this level.
During the Tertiary era following, especially after the Miocene period, a
gradual elevation of the mountain region went forward; and now, as the
result, the same Cretaceous strata in some parts of Colorado are 10,000 to
11,000 feet above the sea. From this level the height slowly diminishes to
4000 feet and less near the Arctic coast and to twice this in Mexico.
The region thus placed these thousands of feet above the sea level
border, from. the line of
probably included the whole of the Pacific mountain
the Mississippi Valley to the Pacific coast line, and outside of this line /br one

or more scores of miles. The vast geanticline was made without correspond
minor local bendings, upturnings,
ing flexures of the rocks; there were only
and faults. It was a very slow movement upward, continuing probably into
the Quaternary. That it made little progress in Eocene time is proved by
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the existence during this period of large freshwater lakes over the summit
of the. mountain region; for much rise would have made
slopes that
would have drained the lakes (Hayden). The Wasatch and Uinta Eocene
basins of Utah and Wyoming, lettered with W's and U's on the
map (Fig.
335), were two of these lakes. Miocene lake basins, farther to the east, show
that even in Miocene time the progress was slow.
Contemporaneously, similar movements were in progress over the other
continents: along the Andes, affecting half, at least, of South America; the
Pyrenees, Carpathian Alps and a large part of Europe; the Himalayas and
much of Asia.
2. The Rocky Mountain geosynclines. -The geantieline, above described,
had made little progress when local geosynclines, or subsidences, commenced
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over the summit region of the mountains. The areas of the fresh-water
lakes, referred to above, were the sinking areas; and the sinking went
forward, and concurrent deposition of beds, until the troughs contained strata
of Eocene Tertiary 8000 to 10,000 feet in thickness - the earlier half in the
Wasatcli epoch and the later in the Green River. After these Eocene
basins ceased to subside, more eastern Miocene and Pliocene geosynclines
were formed.

Moreover, an epoch of upturning and pUcaing took place, both after the
laying down of the Wasatch beds and of the Green River beds; and of up
turning, in some places, after the close of the Miocene depositions. These
were local disturbances apparently quite independent of the great geanti
clinal movement, which was also in progress.
Igneous eruptions. -During these Tertiary movements the greatest of
igneous ejections occurred over the Rocky Mountain region from its summit
westward. It is supposed that a large part of the volcanoes of the world

had their birth at the close of the Cretaceous and during the Tertiary era.
3. Faults in the Great Basin and elsewhere. - The Great Basin has many
bare ridges, 3000 to 5000 feet above their bases, standing in the great area
These ridges trend north
of lakes and alluvium-like islands in a sea.
ward.

There are outcropping crystalline rocks in some of the ridges, but the
rocks, according to King, are mostly Paleozoic, except west of the meridian
of 117..° W., within 100 miles of the Sierra Nevada, where Triassic and Juras
sic rocks occur. The beds of the ridges are. more or less upturned, often in
in simple monoclines; but the
great anticlines or synelines, or elsewhere
island-like isolation of the ridges prevents a study of their stratigraphie rela
western of the ridges were perhaps
tions.
King suggested that the more
from the beginning of the Cretaceous
part of the Sierra system, which dates
and that the more eastern
period, or the close of the Lower Cretaceous;
were perhaps post-Carboniferous in epoch of disturbance.
to King, great anticlines characterize the Agui
Among the Basin Ranges, according
and Toyabe ranges; the Humboldt
Range, the Promontory, Gosiute, Egan, Peoquop,
the Pifion Range, in which the antiArchaafl;
of
lange, although having a nucleal axis
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dine is stated to be a magnificent arch of Cambrian, Silurian, and Devonian ; the Little
Elko, Cortez, Shoshone, Pah-Ute, and other ranges. The same flexed condition of the
beds is mentioned by I. C. Russell as existing in the ranges of the Oregon part of the Great
Basin.
The ranges of the Great Basin have many faults as well as flexures, as
described by Gilbert in 1876; and these faults are generally downthrow
faults. The. following are two of his figures; they illustrate two ridges made
up of blocks displaced as described. The dip and the downthrow faults are
in opposite directions.

338.

E

w
330.
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E
Ea.
)FIg. 338, section of Pahranngat Range at Silver Cafton, southern Nevada, scale u116. Fig. 889, section of
Gilbert, '76.
Timpahute Range, west of the Pabranagat, scale
Gilbert, in view of the great displacements by nearly vertical and largely
downthrow faults, designated the system of mountain-forming movements
the "Great Basin System." He shows that the displacements are along old
fault planes, and also along new planes of fracture made in the course of the
Tertiary era, and later.
Great displacements along old and new fault planes have been shown
to have taken place also in the high plateaus of Utah and in the Uinta
Mountains, others in the Wrasateh, and still others in the Sierra Nevada,

which are referred to the Great Basin System. The fact of such move
ments extending into recent time has been urged by Powell, Gilbert, Rus
sell, Le Conte, Diller, and others.
The ridges of the Great Basin, made thus of upturned and plicated rocks. have been
assumed to be each limited by faults, and to have undergone up and down movements, and
variously tilting displacements, and tints to have become in effect. '' monoclinal orographic
blocks'' in the '' Basin System,'' - each block making by itself a monoclinal mountain,
even when not so in its bedding (Russell, 1885). In the ideal Sections made to illustrate
this hypothesis, the wide intervals of alluvium (that is, of buried and concealed rock) are
represented as underlaid each by a block at lower level, or by the subterranean continu
ance of one sloping ridge to the next; and the actual flexures or lines of bedding have
been omitted, and monoclinal lines substituted. They are intended to exhibit the sup
posed structure. But until the stratigraphy of the ridges of the whole basin shall have.
been studied and sections of them represented, and the relations of each ridt to those
lying on the same northward or northwestward line of strike shall have been thoroughly
investigated, general stratigraphic conclusions cannot 1w safely (J rawn.
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Foreign Examples of Tertiary Mountain-making.
1. The Alps. - Among
foreign mountain regions those of the Jura
Mountains and the Alps-the two combined in
system-have been most
carefully studied. The former are much like the Appalachians in flexures, as
first pointed out by H. D. Rogers. The
Alps have far greater complexity.
The able work of Fleim on
mountain-making, based on his study of the
Tdi-Windga?llen group, gives a full exhibition of the structure in that part
of the. Alps, and lays down many
principles in orography. The section on
102,
overturn
folds,
is reduced from one of Heinfs sections.
page
showing
One of the overthrust folds in the region has
put the beds upside down
over an area of 450 square miles. 50,000 feet of formations of the Jurassic,
Cretaceous, Eocene Tertiary and Miocene Tertiary, were upturned at the
close of the Miocene period.
Another remarkable section of overturn flexures in the Alps, worked out
by Itenevier, is represented in Fig. 340.

The Dent de Moreles stands between
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Profile of the Dent do Morcies. Tort. 1, Nuinniulitic Eocene Tertiary; Tert. 2, Upper Eocene Tertiary.
called the Flysch Cret. 1, the Neocornian or Lower Ctetaceou; Cret. 2, the Urgonian, n higher division of
the tower Cretaceous. Scale, h-,, for height and length. Renevier.
Rhone. Cretaceous and Tertiary
Martigny and Bex on the east side of the
strata, making the top of the mountain, here lie upside clown on Tertiary and
older formations. One of the Tertiary formations, the Upper, is folded over
The
on itself. The overturn is indicated in the figure by the lettering.
Cretaceous strata below the plane of the overturn are absent; but above it
there are two strata of the Lower Cretaceous. It is probable that Jurassic

beds once made the top, and have been removed by denudation.
As stated above, the Jura Mountains, northwest of the Alps. are part of
the Alps mountain system. The following section (Fig. 341) illustrates the
fact that the flexures are overthiUst in a northwest direction, like that in
the Dent de Morcies, as if the thrust-force came from the southeastward.
This direction is not, like that in the case of the Appalachians, from the

ocean, but toward it.
beds in the summit of a steep
The thickening or the expanding of the
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flexure, and the thinning, even to removal, of those of the flanks in close
pressed overthrust flexures, are two important points well illustrated in
Figs. 118 and 119 on page 110, and in Fig. 120, representing the resulting
341.

Section of the ,Tura Mountains, along a line extending northwestward from Geneva through St. Claude
to Ohaux du Domblel. 1, Trim 2, Lower Jurassic; 3, Upper Jurassic ; 4, Cretaceous ; 5, Tertiary.
Scale,
P. Ohoffat, in Helm's Mech. Geb.
flexure-fault.
Fig. 342 has a still greater displacement along the plane
between the anticline and syncline, with a complete separation of the
This thinning
originally continuous beds, as the numbers on them show.
and faulting are due to the friction
342.
between the overlying and underlying
flexures during the overthrust move
ment. The facts teach that a regular
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A flexure-fault from the Alps. Helm,

unfaulted overturn flexure, like that
represented in the part to the right
of Fig. 91 (6), on page 103, is only an

ideal form.
The Alps had been the scene of
both the Archan and Carbonic eras.

earlier mountain-making after
The chain of the Alps includes, therefore, (1) Archan, (2), post-Carbonic,
(3) post-Miocene ranges; and the Juras belong with the last in time.
The proof that an upturning took place after the Carboniferous or Permian
is shown in Fig. 340; the Jurassic beds (which include, at bottom, the Lias)

rest unconformably on the Carboniferous, evincing that a time of upturning
had intervened. In the Oriental Alps, the great upturning was post-Cre
taceous instead of post-Miocene.
343.

Post-Nummulitle upturning in the Himalayas. La Fouche.
2. Post-Nummulitic upturning in the Himalayan Range. -In the Upper
Indus Valley, Middle Tibet, in the district of Zanskar, south of the Indus,
Nummulitic limestone (Eocene Tertiary) constitutes the summit of a peak
of the Singala, having a height of 19,000 feet. In the section (Fig. 343)
the blocked area is the Nummulitic limestone, a blackish fetid rock; the
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folded dotted layers below are
quartzyte8, and the beds below, shales.
Fouche,
India
(La
Survey, 1888.)
3. Arctic upturned rocks. -Flexures as a result of lateral
pressure occur
in the Arctic regions. On Grinnell Land, from
Scoresby Bay to Cape Cress
well, in lat. 82° 40' N., slates, limestone,
grits, and quartzytes are in sharp
folds, and often vertical, with the strike E.N.E. - Feilden & De Rance on
the results of the Sir George Nares Expedition in 1875-76.
For other examples of orogenic movements see
pages 534, 808-812, under
Historical Geology.
CONCLUSION.- Orographic work has been carried forward, in general, by
means of flexures, fractures, and slips or faultings along fractures; and the
faults have largely been flexure-faults, - that is, have been made in connec
tion with the production of more or less pronounced flexures.
SUBORDINATE EFFECTS ATTENDING ORoGRAPhIC MOVEMENTS.
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Among subordinate orographic effects are first, those incidental to the
friction, and the heat thereby produced, namely: (1) part of metamorphism,
(2) of vein-making, and (3) of volcanic phenomena -subjects already con
sidered.
Second, those incidental to the pressure: these are (4) variations in the
characters of flexures; (5) distortions of beds and of fossils; (6) slaty
cleavage or foliation, (7) joints.
Third, (8) earthquakes.
1. Effects Incidental to the Pressure.
1. Variations in flexures. -The characteristics of flexures have already
been illustrated and explained (page 101). The pressure producing them
encounters unequal resistance from inequality of mass in the pile of strata
along the axis of the area of disturbance; from unequal consolidation, or
firmness, or rigidity, in the beds; and also from friction against the floor of
rock beneath. For these reasons flexures of the ordinary kind always have
the ridge-line inclined, and are irregularly distributed along an area of
disturbance.

The Wasatch Mountains (Fig. 335) illustrate the influence, on the flexures,
of the floor of rock underneath the moving strata, and show that a flexure
may be made with its axis in the line of the pressure and be thrust forward
end foremost.
The minor flexing or wrinkling of beds, not uncommon in the fine slaty
rocks and schists, is often occasioned by unequal yielding to pressure in
the beds, unequal rigidity, unequal contraction; and it may also come from
feeble oscillations in the action of the moving force, and from the action of
beds.
gravity on the highly upturned or vertical
2. Distortions of beds and their fossils. -The beds subjected to the
enormous pressure were more or less yielding. Argillaceous strata are soft
DANA'S MANuAl.. -24
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and become compressed in the direction of the pressure, and extended at
right angles to it; and other earthy beds have suffered more or less in a like
way. But strata of quartz sands, not firmly cemented, have accommodated
themselves to the pressure in part by rearrangements of the grains; and those

of limestone, and hard quartzyte, brittle rocks, mostly by fracturing, displace
ment, and recementation.
The distortions of fossils vary according to the relation in position be

tween the planes of bedding or cleavage of the rock, and the axial plane at
The inequalities in
right angles, or nearly so, to the direction of pressure.
the pressure and in the varying resistances to motion were a cause of a warp
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ing of the beds on a large scale, which had its effects. Hence stretchings,
slippings, and contractions of fossils are common in such beds.

Some examples are shown in the following figures from a paper by D. Sharpe (1847,
Q. J. 0. Soc.), illustrating cases observed by him in a slate rock in Wales. They represent two species of shells, the Spi
rifer disjunctus (Nos. 1 to 4) and
344.
the Spirfer yiganteus (Nos. S to
1
4
8). No. I is the natural form of
\
dunctu, the others are dis
z
-'
torted.
The lines :z show the
)
lines of cleavage in the slate; 2
-.
z
- ---------lay in the rock inclined 000 to the
'/.
-6
/7
\
planes of cleavage, and is shortenedon:half, 3 lay obliquely at
z
an an,frie of 100 olthO,shortf
ened above the middle and length
7
\
enecl below it, 4 is i cast, the
a
/
/
N(LLJiJIIffiW
upper part pressed beneath that
shown, while the lower is much
the
drawn out; 5 is like 3, the angle with
cleavage-plane being less than 5°, and the lower
part has lost its plications by the pressure and extension ; 6 has a similar angle to the
cleavage-plane, but a different position; 7 intersects the cleavage-plane at. only 1°, and its
lower part is very much elongated. Compression, a sliding of the rock at the cleavage
planes, and more especially a spreading of the rock itself under the pressure, are the
causes which have produced these distortions. All fossils are liable to become similarly
misshapen under the same conditions.
3. Foliation, slaty structure. -Roofing slates exemplify cleavage-struc
ture, or foliation. They are most common on the outskirts of regions of
disturbance.
Slaty cleavage often graduates into the foliated structure of
hydromica and mica schists. The fact that slaty structure is not coincident
with the bedding-planes was explained by Sedgwick in 1835, from observa
tions in Wales.
Sorby first pointed out (1849) that the structure was due to
the forcing of all flattened and linear particles into parallel planes, approxi
mately perpendicular to the pressure; and that all air-cavities and particles
of moisture are flattened likewise. He sustained his conclusions by micro
of oxide
scopic examinations, and by subjecting to pressure clay and scales
of iron. Tyndall rendered beeswax, clay, and other substances, laminated

}IYPOGEIC WORK.

371

by simple pressure; and later Daubre, who experimented with clay and
scales of mica, obtained a perfect schistose structure. The rolling and ham
mering of metals result in a laminated texture, which fracturing or acids
may reveal, when not otherwise visible; and several fine examples are fig
ured by Daubrée in his excellent work on Experimental Geology.
Mountain-making was going forward, and the work done was therefore on
a large scale, producing at one effort slaty structure over areas of hundreds
of square miles, with great uniformity of direction and high angle of pitch.
Sedgwick recognized the approximate coincidence of the strike of the slates
with the strike of the beds, or rather, as Professor Phillips stated it, with
the direction of the main axis of elevation. The uniformity of product and
evenness of surface are a consequence of the fineness and evenness of grains
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of the original argillaceous formation, and the regularity of the long-con
tinued pressure; but partly also of the moderate degree of heat during the
action of the pressure.
Further: pressure has been proved to have produced a foliated, and even
a schistose, structure in the granite-like rock, of igneous origin, called
granulyte, and also in augitic and other igneous rocks.
A slaty formation often contains fossils, and these indicate, to some extent, the
degree of compression and distortion which the beds containing them underwent under the
pressure. The fossils in Fig. 344 are from a paper on slaty cleavage. This subject has
been treated mathematically by Professor Haughton (1846, 1857); and more recently by
A. Harker (British Association, 1885).
Slaty cleavage, or that characterizing roofing slates, passes gradually into the foliation
of hydromica schist and mica schist, and thence into that of gneiss and gneissoid granite,
suggesting that the latter may be due in these rocks to pressure. This has been confirmed
by experiment and observation. But geological observation is required to settle any
doubts that arise, rather than the microscope. In general, the foliation of mica schist
and gneiss is not a result of pressure, but, on the contrary, of the original bedding of the
formation. The evidence of this often appears in the occurrence of large variations in
strike and dip in the planes of foliation, instead of the high angle and evenness character
izing slates; in flexures of the sheets of rock, anticlinal or synclinal; and in alternations
of the sheets with those of limestone or other kinds of rock, such alternations in connec
tion with low dips or flexures being good evidence that the sheets are true beds. Only
the finer kinds of metamorphic rocks - argillyte and hydromica schist-often lose their
bedding by the substitution of the cleavage structure through pressure.
Joints. -Joints in rocks (see page 111) have various methods of
origin. They are in part due to slow-acting pressure on the outskirts of a
The pressure may act with little or no warping of
region of disturbance.
the beds. That this is often the case is indicated by the general parallelism
in the joints.
But in other cases warping or torsion is strongly marked, as
Daubre has shown. Danbrée has illustrated the effects of torsion on the
courses of joints by subjecting plates of ice to the action. He obtained, as
one of his results, with a plate nearly a yard long, the fractures shown on
a much reduced scale in Fig. 34. Fig. 346 shows a portion of one of the
(It is from a photograph, and hence
plates one fourth of the natural size.
4.
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the reflections from the surfaces of fracture give a false appearance of ridges
along the fractures.) Daubrde draws attention to (1) the
4f.
approximate parallelism of the lines, and yet their slight
divergence; (2) the crossing of one set of lines by an
other nearly at right angles, anti-parallel3, as he calls
them; (3) the fact that the lines are in groups; (4) the
345.
1

fact that joints may be
an instantaneous effect;
(5) the very important
fact that the force pro
ducing the joints did not
act at
ight angles to
either set, but at the
extremity of a bisectrix
to the angle of intersec
tion of the two sets;
and (6) the fact that
the
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of

slower

the

the

action

force and

the

larger the plates, the
nearer the approach to
parallelism between the
lines in each set.

Fract

ures

made by torsion
might be left open when
those from direct pressure

wouldremain

Portion of a plate of
closed.
Other instrueice showing its tract.
Lines of fracture produced in a plate of icetive figures are given in
urea (x,). From a
(OG) by slight torsion. (x ?)
his work on Experimenphotograph.
tal Geology.
Joints may also be due to the vibrations or earthquaRes
(Crosby), and to changes of temperature (pages 260, 264).
2.

Earthquakes.

An earthquake is a series of vibrations begun in some region of local dis
turbance in the earth's crust, and propagated upward and outward from this
place as a center.
Slight tremors may be produced by falls of large rock
masses, where undermining has been carried on. But true earthquakes
come, for the most part at least, from one or the other of the following
sources of disturbance

(1) Vapors suddenly produced, causing ruptures and friction; or, com
monly, (2) sudden movements or slips along 01(1 or new fractures.
Earthquakes due to the former of these methods are common about vol
canoes.

At the Hawaiian Islands, shakings that are destructive over the
island of Hawaii at the moment of some of the more violent eruptions do
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not often affect the island of Oahu, a depth of 500 fathoms of water, the least
depth between the two islands, being sufficient to stop off the vibrations.
Miltie states that Japan, a country noted for volcanoes, averages, some years,

an earthquake a day; and that in two years, in north Japan, 154 out of 387
shook an area of less than 50 miles, and a few of the larger shocks, an area
of about 150 miles.

Earthquakes of the second mode of origin may occur in all regions, vol
canic or not. They have their origin mostly in the vicinity of mountain
regions where old fractures most abound. The vibrations may be begun in
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a slip of a few inches, or feet, but when there has been a succession of slips,
up and up for 10,000 feet and more, as in the faults of the Appalachians,
earthquakes of inconceivable violence must have resulted.

Earthquake vibrations have been supposed to be due to wave-like movements in the
interior liquid mass of the globe, and Professor A. Perrey of Dijon concluded that the
greatest number of earthquakes occurred at the season of the syzygies in each lunar
month, synchronous with the tides in the ocean. But if the earth is solid throughout, the
facts have another explanation.
The observations of Professor VT. H. Niles on the gneiss of a quarry at Monson, Mass.,
show that even the solid rocks are in some places under a strain ; for he states that bendings,
sudden fractures, and expansions of the rock often take place; masses, before their ends
are detached, become bent upward at middle ; and one mass, 354 feet long, 11 wide, and
3 thick, was an inch and a half longer after it was detached than before, showing a strain
which was greatest in a direction from north to south -an effect due to compression by
the pressure the rocks had been subjected to, and a consequent expansion in a transverse
direction. All are familiar with the crackling sounds occurring at intervals in a board
floor of a house, arising from change of temperature, especially in winter in a room
that is heated only during the day ; and with the more common sounds of similar char
acter from the jointed metallic pipe of a stove or furnace, given out after a fire is first
made, or during its decline. In each case, there is pressure or tension, accumulating
for a while from contraction or expansion, which relieves itself, finally, by a movement or
slip at some point, though too slight a one to be perceived; and the action and effects are
quite analogous to those connected with the lighter kind of earthquakes.
The earthquake of Lisbon, in 1755, which threw down the greater part of the city, and
in six minutes caused the death of (30,000 persons, disturbed an immense area, it being felt
at Algiers and Fez as severely as in Spain and Portugal, in the Alps, Great Britain, on
the Baltic, and in northern Germany. The effects from sea-waves were of wide extent,
but such waves may be propagated across an ocean from the vibrations of a coast region.
An earthquake on the 4th of January, 1843, reported upon by Professor F!. I). Rogers
South Carolina to and beyond the
(1843), "was felt, from the seacoast of Georgia and
the
latitude
of Natchez to that of Iowa, a
and
from
western frontier military posts,
and
there
are reasons," Professor Rogers
distance in each direction of about 800 miles;
adds, "for believing that its actual extent was much greater. Its course was from
N.N.W. to S.S.E., and its rate of progress about 2800 to 3000 feet a second, and
equable in rate.
The Charleston (S.C.) earthquake of August 31, 1886, which threw down many
buildings in the city, was felt from the Carolina coast, Georgia, and central Florida,
northward to southern New England, and across New York to Ontario in Canada, and
westward to eastern Louisiana, Arkansas, Missouri, and Iowa, an area 800 miles wide by
1000 miles from north to south. Its course was the reverse of that of 1843. It was
scarcely appreciable in sea disturbance.
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Volcanoes stand on lines of fractures in the opening of which their
existence began; and subsequently, through geological time, slips up or
down may have occurred along such fractures in the earth's uneasy crust,
independent of local action, producing earthquakes, and, perhaps, also
initiating eruptions. The Mediterranean area is one of the earth's fire
regions, from its eastern to its western limit, and its borders are noted for
the relative frequency of earthquakes; and these earthquakes, in the
majority
of cases, are independent of action in the volcanoes of the era.
This is true

also, according to Milne, of the greater earthquakes of Japan.
The New Zealand Tarawera eruption of 1883, which blew out with explo
sive violence for a day or two, was followed, three days after it had subsided,
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by an outbreak in White Island, an active volcano in the Bay of Plenty, and,
two months later, by a violent eruption on the island of Ninafou in the Tonga

group. The three volcanic regions are on the same island line of the ocean,
the northeast or New Zealand. line, which is one of the most marked in the
Pacific.
It may be that this succession of disturbances was due to a slight
movement from north to south along the old fracture-plane, through the
opening of which the range of islands began its existence.
The central region of an earthquake vibration, which may have con
siderable breadth or length, or have the course of a long fissure, is called
the epicent rum. The rock-waves move oft from it in all directions, but often
most forcibly in one. The waves are: (1) waves of compression, or conden
sation, in which the vibrations are normal to the origin, or in the direction
of the movement of the wave; and (2) waves of distortion, or transverse
waves. The sounds of earthquakes are attributed by Mime to
preliminary
tremors preceding the principal shock, which have the more rapid movement
required to produce sound.
The amplitude of the wave varies from less than a millimeter to possibly
a foot. But destructiveness depends more on rate of vibration than on am
plitude. Milne observes that the greater the initial impulse, the greater the
speed of propagation; and, as the propagation widens radiately, the velocity
of propagation decreases, the period usually becoming larger.

C. Davison (1801) traces several earthquakes of Great Britain to slips along faults.
He observes that from the central portions of the slip-area will come, as a rule, the vibra
tions of largest amplitude and longest period, and from its margin, and especially toward
the surface, minute vibrations of a period so short that they may be perceptible only as
sound. He thus explains the fact "that the sound-area is not concentric with the dis
turbed area, and the sound-focus is nearer the surface than the rest of the seismic focus"
and also, "the fact that, in great earthquakes, the sounds are heard only within a coinpara
tively small area immediately arotmd the epicentrum." Liability to slips, and therefore to
earthquakes, diminishes with the progress of time.
Kinds of rocks have great effect on the propagation. Mime obtained in Japan, for
velocities of propagation, from 200 feet per second to 030 feet; Mallet obtained, for sand,
a rate of 825 feet, and for granite, of 1605 feet; Newcomb and Dutton, in the Charleston
earthquake, made out a rate of 17,000 feet per second, without any indications of variation
in the speed; H. L. Abbott in his observations on explosions at 1-lallet's Point in 1876,
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4500 to 20,000 feet per second; and Fouqu found the velocity in granite 9200 feet per
second.
The position of the epicentrum. is ascertained by noting the dirQction of throw of over
turned columns, walls, houses, the converging lines pointing to the region of the surface
vertically over the epicentrum. An oblique thrust is most effective in overthrowing
objects; and the particular belt-line around the central region along which the waves are
most destructive is called the meizoseismic curve, and lines of equal disturbance, isoseis
nile curves. Such curves are far from circles.
By means of evidence from fractures in walls and overturned objects, B. Mallet in
ferred the angle of emergence of the wave, and so calculated the depth of the center of
disturbance. From 26 observations of the Neapolitan earthquake of 1857 he deduced a
depth of 6 miles. C. E. l)utton, in his paper on the Charleston earthquake, assumes
that the total disturbance is inversely as the square of the distance from the center of
disturbance. By noting, in the Charleston earthquake, the circle about the epicentrum at
which the total effect diminished most rapidly on going from the epicentrum, he deduced
depths of 8 and 12 miles for two distinct centers of disturbance.
The instruments by which the earthquake movements are detected (seismoscopes),
measured (seisinometers), and recorded (seismoiraphs), are of many kinds. Those which
experience in Japan has proved to be most accurate are the so-called Duplex pendulum;
the Bracket seismographs of Chaplin, Ewing, Gray, or Milne; and conical pendulums.
The geological effects of earthquakes are small, while those of the causes
which produce earthquakes are large. Vibrations loosen rocks and may tumble
them down precipices, as they tumble down houses and walls. Occasionally
they produce some rotation in the objects moved where the object is not
equably attached below. They may fracture the rocks and ground in the re
gion of greatest disturbance. They often occasion the drying up of springs.

In Calabria, in 1783, fissures were made that were over a mile long, 100
feet wide, and 200 feet deep. In the Charleston earthquake of 1886, and
also in that of 1.892 at Quetta, in British Baluchistan, described by C. Davison,
railway lines were bent; and in the latter case, on removing the bent rails
for repair, the new lines had to be cut 2 feet shorter than the old ones,

owing to a permanent displacement.
But these rending effects and the uplifts, and other results attending
them, are effects rather of the deep-seated cause of the vibration and the
fracturing. Besides these effects, earthquakes may destroy life in the sea,
by impact, as a blow on the ice of a pond will stun or kill the fish. They
may also throw the ocean over the land in waves of 30 to 100 feet, carrying
in the animals of the sea, and, in these modern times, man's boats and ships,

besides lifting and bearing far inland sea-bottom rocks and sand, and great
masses of coral rock on the shores of coral islands (page 222). Further: if
a mountain-system of the length of an America were making, like the post
Cretaceous Laramide System, and a like system cotemporaneously in the
other America, sea,-borders, continental seas, and land-borders the world over
waves.
Or, if the mountain
might be mostly stripped of life by earthquake
like
the
extent,
post-Paleozoic, a hemi
systems in progress were of less
and
austral
land-borders and.
sphere might experience the devastations,
sea-borders escape.
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ORIGIN OF THE EARTH'S FORM AND FEATURES.

This embraces first, the origin of the shape of the earth's mass; second,
the origin of continental plateaus and oceanic depressions, and of all move
ments in the earth's crust through geological time not involving orogenic
work; and, third, the origin of the movements producing the upturning of
formations and the making of mountains.
The first of these subjects, geogenic work, pertains to astronomy.
The
movements referred to under the second, by which wide changes of level
have occurred without special orogenic results, except displacements along
old or new fracture-planes, have been termed by U. K. Gilbert epeirogenie, or
continent-making (1890).

The work included under the third head is orogenic.

1. GENERAL CONSIDERATIONS BEARING ON THE EARTH'S FORM.
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1. Solidification of the earth. -The earth solidified from the center out
ward. This conclusion is established on the evidence that pressure raises
the fusing point of rocks.
The globe was, therefore, never in a state of
complete liquidity.
According to Clarence King, experiments made for him
by C. Barus with reference to the question as to the earth's rate of cooling
(see page 1026), lead collaterally to the conclusion that the depth of the
liquid exterior of the globe has at no time exceeded 50 miles.

The study of meteorites has led some astronomers and writers on the constitution of
the globe to the opinion, in view of the iron in these bodies, and the fact that their place
in the solar system is to a large extent near that of the earth, that the earth's interior con
sists, for the greater part, of iron. This view is favored, also, by the high percentage (10
to 14) of iron oxide in most igneous rocks; the existence of much native iron in doleryte
at Disco Island, Greenland; and the occurrence of the greatest of iron-ore beds of the
world in the oldest rocks, the Archea.n. Platinum, gold, silver, and copper are heavier
metals ; but. it is remarkable that they are not brought up among the constituents of erup
tive rocks, as iron is, but are obtained from the supercrust and its veins: as if these metals,
in consequence of being in vaporizable combinations, or those of comparatively little spe
cific gravity, were near the surface of the fused globe, while below these were the iron and
whatever, under the conditions, could form alloys with it. If the earth is two thirds iron,
or iron to within 500 miles of the surface (without much increase in the density of the iron
downward), and the rest were made chiefly of basaltic, or dolerytic, material, it would
have about its present specific gravity, 55.
The complete solidification of the earth is held to be its present condition
by most physicists who have recently discussed the subject. This implies that
the crust that was formed over the surface of the liquid stratum by cooling

had continued to thicken until the whole was solid. The evidence favoring
the earth's essential solidity has been obtained by investigating mathemati
cally the amount of deformation which the sphere, if a liquid mass enveloped
in a thin crust, should undergo during its revolution; and also the effect of
such tidal movement in the earth's mass on the height of the oceanic tides.
Kelvin concludes, on these grounds, that the earth must have an effective
U. I-I. Darwin has
rigidity at least as great as that of steel (1862, 1872).
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sustained the same conclusion, stating that "if it were true that the earth
is a fluid ball coated with a crust, that crust must be of fabulous rigidity to
resist the tidal surgings of the subjacent fluid"
(1888). At the same time,
according to the same authority, the weight of the water of a high flood-tide
probably occasions, owing to the elasticity of the crust, "a local elastic yield
ing along the coast-line of continents"; and " there is reason to believe
that such flexure has actually been observed
by a delicate form of level on
the coast of the Bay of Biscay." Neweomb favors the same conclusion in a
paper discussing the cause of the periodic variations of latitude (1893).
0. Fisher, of Cambridge, England, questions the above conclusion from
the tides (1892). Basing his mathematical calculations on an investigation
by Darwin of the tides upon a yielding earth according to the canal theory,
he obtains the result, that the height of the tide for a liquid earth would be
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only a fifth less than that for a rigid earth, and suggests, as the difference
is so small, that the existing tides may have just the height appropriate to
a liquid interior. He observes, further, that the heat generated within the
earth by the tides in the earth's mass from their commencement - calcu
lated by Darwin to be sufficient "to give a supply of heat, at the present
rate of loss, for 3560 millions of years" - would have been only to a
small extent expended or wasted, and that, through convection currents,
it keeps the liquid layer in fusion, and prevents the crust from growing
thicker.
Other considerations have led Fisher to make the thickness of the
crust about 18 miles. The conclusion of Fisher is objected to by G. F. Becker,
on the basis of calculations which lead him to the conclusion that "for a
fluid earth the canal theory and the equilibrium theory give the same result,
viz.: no relative tide." He adds, that "on any theory of the tides, the ex
istence of semi-diurnal tides indicates an earth presenting great resistance

to deformation" (1893).
2. Earth-shaping. - 'Whether solid to the surface or not, the earth is
believed to be so far fluid-like in its mass as to admit of adjustments to
gravitational pressure through molecular flow, if not through a liquid layer,
and to owe its shape primarily to the principle of gravitational equilibrium,
as if liquid. This view of adaptation to gravitational pressure was rec
ognized geologically by Herschel in his Appendix to Babbage's Ninth Bridge
water Treatise (1837), where he attributed changes of level to "changes in
the incidence of pressure on the general substratum of liquefied matter which
supports the whole," and argued therefrom that the rise in level going on in
Scandinavia might be caused by the accumulation of sedimentary deposits
over the adjacent ocean bed. The earth's interior liquidity was then gen
erally admitted. In 1888, C. E. Dutton proposed the term isosiasy for "the
condition of equilibrium to which gravitation tends to reduce a planetary
or not," that is, whether
body irrespective of whether it be homogeneous
solid to the surface or partly liquid beneath it, and whatever its constitution.
The rate of adjustment to changing load would necessarily be very slow
in. a solid globe, in which it could take place only through molecular flow in
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the mass, while it might be comparatively rapid if a liquid layer existed
beneath a thin crust-a, flotation crust, as it has been called. Darwin
has remarked that through molecular movements the earth's spheroidal form
But what is the minimum limit in a
might change with change of rotation.
solid globe, to rate of adjustment -that is, to the rate at which resistances
from cohesion and other causes can be overcome - no known facts have even
approximately indicated. Effects should, in any case, lag behind the cause
of change, whether they are those from the deposition or removal of a load.

There are, however, facts that seem to imply a somewhat easy adjust
ment. Many low coasts over which sediments are borne to the sea border
are known to be slowly sinking; as, for example, the coast of New Jersey,
where the rate, according to G. H. Cook, is two feet a century. This sink
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ing, and that of other parts of the Atlantic border, is attributed by Cook to
gravitation in the sediments. W. J. McGee, in a paper of 1892, has brought
of
together many facts from various coasts, mostly adjoining the mouths
On the Netherland coast, the rate of
rivers, bearing in the same direction.
sinking, according to Girard, is 009 to 075 meter per century, and 026

meter since 1732. But actual sinking is not a legitimate isostatic effect.
The subsidence on such coasts corresponding to the amount of contributed
sediments (not exceeding it) is not indicated by the amount of sinking, for
the sinking is in excess of it. Other facts are more decisive. A boring on
the southeast coast at Atlantic City, 1398 feet deep, extended through beds,

as stated by J. C. Smock, which were proved by the fossils to be Miocene;
Turritella plebia occurring, according to Heilprin, at 450 feet, and Perna
masillata at 760 feet, of which depth 265 feet are surface gravels and 265
Park and Ocean Grove,
beyond are of doubtful reference. But at Asbury
farther north, wells afforded the Upper Greensand with Terebratula llarlani
and. other Upper Cretaceous fossils at a depth severally of only 270 and 280
The
feet below tide level, and the Lower Greensand at 365 and 382 feet.
facts indicate a very slow rate of subsidence at Asbury Park since the Cre
taceous period, and much less slow at Atlantic City, which is 80 miles south
of Asbury Park and only 40 from the north cape of Delaware Bay. A boring
on the coast of Texas passed through 3070 feet of shore deposits, without
reaching, according to the investigations of G. P. Harris, beyond the Miocene.
The deposits down, to a depth of 458 feet are pronounced Quaternary.
Beyond, to the 1511-foot level no Tertiary fossils were found and all of them
may still be Quaternary. Between 1511 and 2153 feet, the deposits were
Upper Tertiary as shown by fossils; and between 2153 and 2920 feet, Upper
In the lower 150 feet, clays and sands were found without fossils.
Miocene.

Similar facts are reported from the delta of the Ganges and other regions.
These proofs of rather rapid subsidence along coasts are regarded by
many as not inconsistent with the idea of a solid earth. Others have used
them as strong evidence of a thin flotation crust over liquid rock.
But a "flotation crust" has its difficulties. The fact that there are high
mountains anywhere is one of them.

Against this objection it is urged that
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mountains may have great cavities beneath them, through a parting and open
ing in the crustal terranes underneath, when they were elevated; and it is
stated in corroboration that by means of the plumb-line it is proved that
the Himalayas have not the density of a solid mass.
So also some volcanic
peaks have been proved by pendulum experiments to be hollow. If volcanic
mountains generally were shells over a cavity that was emptied in making
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them, the fact that they could stand on a thin crust would be no marvel.
But the pendulum experiments of E. D. Preston at the Hawaiian islands
have shown that this is not so. He found, in 1892, that Haleakala, on east
Maui, 10,000 feet high, has a density of 27, or that of the mass of rocks at
the surface; and that Mount Kea, on Hawaii, nearly 14,000 feet high, while
hollow above, - the density there being only 21, - has a density below of
37 (page 290). Yet these mountains stand, and, no doubt, under adjusted
gravitational pressure; but how so, if on a thin crust, is an unsolved

mystery.
Isostasy is earth-shaping in its action, without being mountain-making.
It has been in all time conservative of existing conditions of equilibrium.
Subsidences made by loads have caused elevations somewhere around the
subsided region; but the mean level, according to the principle, must have
Loads over the bed of a Mexican Gulf should cause, in
been retained.
accordance with it, a subsiding, but not a deepening, for the subsidence just
equals the load ; and on the border of the ocean they should cause a subsid
ing of the coast region, and not a sinking; for the subsiding could not
exceed the filling contributed.
The ice of the Glacial period, which covered a large part of northern
North America and Europe to a depth of one or more thousand feet, was a
load laid over the surface by moist aerial currents; and to this load has been
attributed by Jamieson (1865), 'Warren Upham, and others, the succeeding
subsidence of the same glaciated regions, or that of the Champlain period.

(See further, page 1020).
3. Continental plateaus and oceanic depressions. - According to the prin
earth's greater unevenness of surface,
ciple of gravitational equilibrium, the
exhibited in the existence of oceanic depressions and continental plateaus,
should be an expression of some difference in the density of the rocks.
rocks of the oceanic volcanoes are
Perhaps the fact that the prevailing
basaltic, and of the continental, andesytic and trachytic, explains how it is
that the oceanic crust is made the denser. The difference m the mean den
sities of the basaltic and andesytic rocks is about one tenth.
sions, on this view, were made in the earth's cooling.

The depres

This origin of the oceanic basins was suggested in 1860 by Archdeacon J. H. Pratt, in
existence of continents
his memoir on the Figure of the Earth, where he attributes the
formation of mountains to lateral
and these basins to unequal contraction, refers the
the
oceans
is of greater density than the
beneath
pressure, and concludes that "the crust
the
where
contraction was greatest the
is, that
average portions of the surface" ; that
and proportionally so.
density of the rock material below is greatest,
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Since the mean height of the present continents is about 2000 feet, and
the mean depth of the oceans 12,000 feet, and since the continental areas
were already outlined and partly emerged, during later Archan time, this
mean depth of the oceanic depressions must also have been then
acquired;
and only an addition of 1500 to 2000 feet was needed to
the
continents
give
their present mean altitude. Of this, more than one half was added in the
Tertiary and Quaternary.
2. OROGENIC WORK, OR THE MAKING OF MOUNTAINS.
1. In ordinary mountain-making, the rock material to be made into the
mountain range has comprised a thick, conformable series of
sedimentary
strata, resting upon an uneven floor of upturned and usually crystalline
rocks which were part of the underlying earth's crust. The
Appalachian
and Laramide strata were laid down on an Archan floor; the Palisade

of the Triassic, from New York southwestward, on one that was
partly Arcluean and partly consisted of Archaan and Cambro-Silurian ter
ranes combined.
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beds

The great facts to be explained in a theory of
mountain-making relate
to
the
or
and
its
load of strata for the
(1)
preparatory geosyncline
trough
mountain structure; (2) to the mountain-making events; the upturning,
flexing, and faulting of the strata, and all other effects of the movements
in progress.
On any theory of origin, such mountain ranges are synclinoria,
as they have been termed by the author, from the Greek for syncline, and
pos, mountain, - they having had their beginning, as first recognized by Hall,
in a preparatory geosyncline of accumulation. The geosyncline
occupied the
area of the future mountain range. It was slowly formed, while the crisis
of upturning was relatively short.
For the Appalachians the geosyncline,
judging from the thickness of the included beds, had a maximum depth of
40,000 feet; for the Laramide Range, north of Montana, 34,000 feet
(Mc
Connell) and for the Wasatch portion, 31,000 feet (C. King) ; for the Alps,
at the close of the Miocene, 50,000 feet (Heim) ; for the Australian
Alps,
35,000 feet (Hector) ; for the Palisade ranges, 3000 to 5000 feet.
The subsidence in the case of the Appalachian Range occupied all of
Paleozoic time; of the Wasatch Range and other ranges of the Laramide
system, all of Paleozoic and Mesozoic time, -which means many millions
of years for each.
Again, there is the remarkable fact that the subsidence

has not always been continuous, but sometimes alternated with
emergences,
or ceased for long periods.
In the case of the Ouaehita Mountains, Arkan
sas, whose history runs parallel with that of the Appalachians, there was a
cessation through the whole of the Upper Silurian and Devonian, for these
eras are unrepresented by rocks. Moreover, the area of the
geosyncline, as
the deposits show, varied, as the ages passed, in width; varied in the
posi
tion of the belt of maximum subsidence, from one side to the other, or
from one part to another; varied in the depth of water in which the
deposits

HYPOGEIC WORK.

881

were made, and in the courses and character of the transporting currents
and waves.
Further, the making of the geosyncline must have been attended in each
case by a pushing aside of the rock material in the earth's mass existing
beneath it, and an upward bulging, or a geanticline, over the region adjoining
on one side or the other.
The more prominent theories of mountain-making now current are (1) the
Gravitation Theory and (2) the Contraction Theory.
1. The Gravitation Theory.
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The Gravitation Theory was brought forward in its simplest form by
James Hall in 1859. According to it, the making of the preparatory geosyn
dine, in the case of the Appalachians, was due to the gravitation of the
accumulating sediments, in accordance with the principle explained by Her
schel, whose views he cites; and the making of the flexures over the region
was due to the same cause; that is, to the subsidence and not to heating
from below. In the same paper, the general conclusion already referred to

is drawn that a geosyncline of accumulation, like that of the Appalachians,
is a necessary preliminary in all cases of mountain-making. In 1847, Bab
bage published the important principle (included in a paper read. before the
Geological Society of London in 1834) that in deepening accumulations of
sediments, heat rises from below into the pile as its depth increases, as ex
plained on page 258, and that the subterranean heat causes changes of level
through the expansion and contraction of the rocks.
T. Mellard Reade, after a study of the expansion of heated rocks of dif
ferent kinds, adopting the views of Herschel and. Babbage, attributes flexures,
and other effects attending mountain-making, not merely to the heat from
below indicated by the rising isogeothermals, but also to additional heat at
intervals from a succession of intrusions of igneous rocks consequent on the
conditions. He styles his theory "the origin of mountain ranges by sedi
recurrent expansion," -recurrent because
mentary loading and cumulative
of the successive igneous intrusions. He found for the rate of expansion of
rise of 1000 F. The igneous
average rock 275 lineal feet per mile for every
intrusions are said to occur generally along the axis or axes of the range in
process of construction.

The principle that loading causes subsidence of the crust has been supplemented by C.
denudation causes elevation,
King (1876) with its apparent complement that unloading by
in
a solid globe. The elevation
take
effects
place
-he holding at the same time that these
is
time,
accordingly attributed by him to the
of the Rocky Mountain area, during Tertiary
from the vicinity of the Colorado
removal, through denudation, of a vast amount of material
caflon, and from other parts of the mountains.
With regard to the view of King, and especially this example under it, Le Conte has
in the rise of the great mountain
observed that the weight of the rock material elevated
area to a height of 4000 to 11,000 feet was vastly larger than the amount lost by denuda-
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tion, and adds that the denudation could not have produced any result until the elevation
had made some progress. The theory supposes the isostatic condition of the globe; and if
this was the condition in Cretaceous time before the elevation began, the elevation never
could have taken place without force from some real source.
In accordance with the above, the evaporation of the flooded Great Salt Lake (called
Lake Bonneville), which, in the middle of the Quaternary era, had reached a depth of
1000 feet, has been suggested by G. K. Gilbert as the cause of the inequality of height in
different parts of the terrace that marks its old coast-line. The change of level indicated
is stated to be about 200 feet. The pressure of 1000 feet of water, or that removed by
evaporation, is equivalent to 450 pounds to the square inch. The theory implies a molec
ular transfer (as the waters disappeared in the Middle Quaternary) from the outside
region to that beneath the lake. The explanation is put forward by Gilbert with the
statement that further investigation is required before the view can be regarded as estab
lished.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

The difficulty with the Gravitation Theory in its best form is that it does
not supply the amount of pressure, and of contraction or expansion, which is
required by the facts.

This is true of Reade's theory, even with the recurrent work of igneous
intrusions.
In the case of the Appalachians the width of the geosyncline
from S.E. to N.W. is less than 250 miles.
The ratio of maximum depth
to width is about 1 to 40, or that of a trough as wide as this printed page
and one ninth of an inch deep.
The depth of the strata, 40,000 feet, gives
for the temperature at the bottom of the geosyncline (supposing the rate of
downward increase to be 1° F. for each 50 feet of descent) 800° F.
Conse
quently an expansion of 275 feet for 250 miles of width and for each 1000
F. amounts to 5500 feet, or a little over a mile. Lesley makes the actual
shortening over the breadth of the geosyncline in Pennsylvania, in con
The dis
sequence of the flexures, to be 44 miles, and Claypole 88 miles.
crepancy is too large to be removed by questioning either estimate. Many
of the single folds would use up several times the 5500 feet. So it is in
other cases.

In the Lararnide Range, of southern British America, a thickness of the rocks in the
geosyncline of 34,000 feet, and the width of the trough about 150 miles, give for the tem
perature of the bottom about 700° F. ; and the expansion, under these conditions, would
be only 2000 feet for the whole width. The displacement horizontally of one of the
several faults, according to McConnell, is 7 miles, or nearly 13 times the maximum
allowed for the range by the theory under consideration. In the .Juras, 1-leini found the
contraction by flexures to be 3 miles, or one fourth, for the distance between Lake Geneva
and Saint Claude; and in the eastern Jura to be 4 miles in a breadth of 7 miles.
There is the further objection to the theory that in a trough, having the
depth only a thirtieth or a fortieth of the breadth, the expansion would act
nearly equally in all directions; so that while longitudinal ridges might

prevail, transverse should be common instead of uncommon. But the ex
panding effects from the heat of successive igneous intrusions are to be
added, according to the theory, ridges thus succeeding ridges.
In the case
of the Appalachians, there were no igneous intrusions along the chief part
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of the axis of disturbance, and none in the Laramide Range of British
America, and the same is true in a large part of mountain-making.
In the
l,\Tasatcll the igneous effusions were a final effect, not an agent of change.

Moreover, the pressure from any igneous intrusions, or their power of com
pression, is feeble. Plastic rock is little better for pressure than any pasty
material; when extruded it is hurried out of the way by the compression of
any other agent, or escapes, if it can, by gravity. When it cannot escape, it
bulges up the overlying beds and makes laccoliths (page 301), and this is
almost its limit of mechanical work. The heat also is wholly inadequate
for plicating and faulting rocks in mountain-making style, whether the liquid
rock be granitic or of any other constitution; the laws as to heating and
cooling are the same for all kinds.
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2. The Contraction Theory.
1. The source of lateral pressure. -The source of the pressure accord
ing to the contraction theory is the contraction of the earth's crust as a con
sequence of cooling. The theory was suggested by Descartes in his Principia
P/illosophke in 1644, and by Newton in 1681, and was adopted in geology
by James Hall, of Edinburgh, in 1812, and advocated by De La Beche
in 1834. The contracting crust derives the lateral pressure from the cooling
and solidification that is going on underneath it - the crust being forced
to adapt itself to an interior which is becoming smaller by the earth's
Mountain-making, according to the theory, is a con
gradual refrigeration.
sequence largely of the earth's shrinkage.
The author's contributions to the subject, including also that of the Origin of Continents and their Features, appeared first in the years 1846, 1847 and 1849, and were
continued in 1850 and 1873. The development of the structure of the Appalachians
through Virginia and Pennsylvania by the Professors Rogers afforded the first geological
demonstration in favor of the contraction theory; and the results they published, although
leading the investigators at the time to a theory based on forced movements in the
earth's liquid interior, underneath a thin crust, afforded the author illustrations of the
views in his early papers.
Since the earth has oceanic basins and continents of diverse dimensions
and features, this lateral pressure would work with direct reference to conti
nental lines, and generally have its shoving and relatively resisting sides in
acted thus unequally from the
epochs of orographic work. If the pressure
two opposite directions, it would make inequilateral mountain structures, or
those having a front-and-rear character, like the Appalachian Range.
Moreover, the movements would have their limits determined by, or related to, the lengths of continents, or great continental regions, and, in this
actual characters of mountain chains. The
respect, they accord with the
Laramide system, over 4000 miles in length, along the western continental
4000 miles
border of North America, is an example; and perhaps another
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The agent
along a line farther west should be added for South America.
for such results must be the earth in its entirety.
2. Location of the lateral pressure. - The surface layer of the globe
in which the pressure acts has recently been shown to be thin. In the
cooling and contraction of the crust, the lower part of the cooled portion,
enveloping the uncooled nucleus that had not begun to lose its heat or
contract, could not contract without breaking, and, therefore, the cooling

would put it into a state of tension, which would result in the opening of
fractures.
For if a layer undergoing contraction is united to a non-contract
ing or less-contracting layer, the contraction would necessarily produce ten
sion and fractures. Thus the cooling crust must be made up of an inner
portion in a state of tension and an outer in a state of lateral pressure, and
the two portions are separated by a level of no strain. The outer is the
effective part in orogeny. The lateral pressure within it is greatest at the
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surface, and diminishes downward. The thickness of the effective layer
depends on the length of the time that has elapsed since the solidification of
the earth at surface -the time when the strain was initiated.
It was esti

mated by Mellard Reade as only two miles (1886). It has been mathemati
cally discussed first by C. Davison, and afterward by U. H. Darwin and M. 1'.
Rudski, who sustain the contraction theory of mountain-making. Davison
made the thickness (1887, '89) 217 miles, supposing the elapsed time to be
100,000,000 years; and Darwin (1887), two miles, for the same elapsed time,
adding that "the depth is proportional to the time since consolidation."
Davison, in a later "calculation (1894) based on the supposition that the
coefficient of dilatation is not constant, as he before had assumed, but
increases with the temperature," arrives at the more favorable conclusion
that, after 100,000,000 years, "the depth of the surface of zero-strain
would be 779 miles."
He says further, that "if the material of the

earth's interior be such that the conductivity and coefficient of dilatation
are greater in it than in the surface rocks, or if initially the temperature
increased with the depth, the above figure must be still further increased";
and adds, in conclusion, " that, consequently, calculations as to the alleged
insufficiency of the contraction theory to produce mountain-ranges are at
It is therefore safe to assume, in view of the
present inadmissible."

dependence of mountain plications on lateral pressure, that the thick
ness was fully sufficient for the orographic results; and even in late
Archan time great enough to make Arehau mountains of 8000 to 10,000
feet, such as the Adirondack and Black Mountains iiiust have been before
subjected to denudation.

Darwin states at the close of his paper (which follows Davison's in the Philosophical
Transactions), after deducing that contraction vanishes at a depth of 2 or 3 miles: "Tints,
in lO,000,00() years, '228,000 square miles of rock will be crumpled on the top of subjacent
rocks. The numerical data with which we have to deal are all of them subject to wide
limits of uncertainty, but the result just found, although rather small in amount, is
such as to appear of the same order of magnitude as the crumpling observed geologically.
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The stretching and probable fracture of the strata at some miles below the surface will
have allowed the injection of the lower rocks amongst the upper ones, and the phenomena,
which we should expect to find according to Mr. 1)avison's theory, are eminently in
accordance with observation. It therefore appears to me that his view has a strong
claim to acceptance."
Further, Mr. Darwin cited, in 1892, the recent calculations of Rudski of Odessa,
which showed that if the initial temperature of the sphere be not uniform through the
mass, that is, if, as in the case of the earth, the initial temperature increased from the
surface to the center, the level of no strain lies deeper than he had made it. As to the
actual depth thus indicated he made no statement. (Phil. Mag., Sept., 1892.)
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3. The process of mountain-making according to the Contraction Theory. The making of the preparatory geosyncline, with its included series of strata,
was slow in its progress. As it included, in the case of the Appalachians,
all of Paleozoic time to the close of the Carboniferous, the rate of subsidence
- the depth being 40,000 feet - was, if the time was 40,000,000 years, about
1 foot in 1000 years; if 10,000,000 years, 1 foot in 250 years. The rate, on

either supposition as to the elapsed time, was so slow that the subsidence may
have been a result of the loading of the area with the sediments. Yet it can
not be asserted that lateral pressure in the crust was not concerned; for if it
was the prime cause of movements at the crisis, it could hardly have been
dormant through the long preceding ages when the trough was in progress.
The subsidence went forward, so far as can be discovered, without much dis
such as were due to unequal
placement of the beds within them, beyond
compression by gravitation, drying, and some solidification. The pile of
beds had great breadth as compared with its depth, and varied much in thick
ness, owing to irregularities in the Archan floor beneath, and to varying
rates in the progress of the subsidence. Limestones indicate much slower
movement downward than coarse sediments of like thickness; and inter
calated beds of coal prove that long periods of slight emergence were among
the alternations.
When the mountain-making crisis was at hand, the temperature at the
bottom of the deposits was already high from the rise of the geothermals
with the increase of thickness. With a thickness of 40,000 feet, and the rate
of increase of temperature downward 1° F. in 50 feet, it would be 800° F.
But the rate was probably as rapid as 1° F. in 40 feet or less, making the
At either temperature the trough
temperature at bottom 1000° F. or higher.
would have been greatly weakened below, as first explained by Herschel. In
a letter addressed to Lyell, dated February, 1836, and in another to Murchi
in the Appendix to Bab
son, dated November, 1836, which are published
he presents, besides the view that
bage's Ninth Bridgewater Treatise (1831),
series of strata, as had been
heat will rise from below into an accumulating
thicker the deposit, the hotter
done by Babbage, the suggestion that ,the
will its lower portions tend to grow, and if thick enough they may grow red
also melted or
hot, or even melt. In the latter case, their supports, being
the new circumstances of pres
softened, may wholly or partially yield under
DANA'S MANUAL-25
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sure, to which they were originally not adjusted; and the phenomena of
These results are
earthquakes, volcanic explosions, etc., may arrive."
favored by the fact that the deposits were not half consolidated, and, there
fore, little able to resist the pressure.
In the consequent collapse from the continued pressure, the included
strata would be necessarily shoved up out of place, flexed in anticlines and
synclines, and traversed by great oblique fractures, as Daubrée's experiments
illustrate, which would become the courses of displacements, all on a scale

of magnitude comporting with the thickness of the accumulated formations.
The flexures were not flexures of the earth's crust, but of the supererust, or
the beds in the geosyncline. The work was slow in progress; for the great
flexures in such mountain-making are produced without obliterating or seri
oiisly obscuring the stratification.
In the great forced movement, if the pressure on the two sides of the
trough was unequal, as was commonly the fact, the beds were shoved from
the side of strongest pressure, or thrust, toward the opposite.
Consequently
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the flexures became crowded and steepest on the former side, and the over
thrust flexures and U1)thruSt blocks were thrust toward the other side.
In
Hence the resulting mountain range and its flexures are inequilateral.
the case of the Appalachians, the thrust was strongest on the side toward
the ocean. Further: on the side of least pressure, the mountain range
often declines into elevated plateaus, with feebly undulating or horizontal
stratification, as exemplified, on the la.ndward side of the Appalachians, in

the Cumberland plateau and its continuation northward; in the Uinta
Mountains and the high plateaus of Utah on the landward side, and to the
In the narrow troughs of deposition of eastern
south, of the Wasatch.
North America, the flexures often fail to indicate inequilateral pressure.

After a mountain-birth there has commonly succeeded a time of relaxed
lateral pressure; and then occurred adjustments, largely by gravitation, in
the moved masses or faulted blocks making chiefly downthrow displace
Such displacements
ments, besides producing new fractures and faults.
have taken place especially in the region of mountain plateaus, where the
pressure was least.

Illustrations of the steps in the contraction process of mountain-making
have been above derived mostly from the Appalachian Range.
They may
be found almost equally apposite in most of the mountains of the world, as

The Taconic Range, on the borders
the examples already given p'°
between New England, and New York and Canada, has the same general
characteristics as the Appalachian, with the addition of the universal meta
Its preparatory
morphism of the beds of sandstone, shale, and limestone.
geosyncline was on a parallel line with the northern part of the Appala
chian; and the two were deepening and taking in deposits together until
the close of the Lower Silurian, when the Taconie mountain-making crisis
came. The rocks of the range are, therefore, only those of the Cambrian and
Lower Silurian. It is probable that this mountain belt extends through
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Virginia southwestward, along a series of Taconic geosynclines that ended
in the making of a series of Tacoiiic ranges, on a line east of the Appala
See further, pages 531, 532.
chian Range.
4. Geanticlines corresponding to the geosynclines. - It is not always easy
to identify the one or more geanticlines that the sinking of a geosyncline may
have produced. In the case of the Taconie and Appalachian ranges little
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doubt exists.
When the Taconic Range was completed, already a low geanti
dine had risen above the continental sea, making two large islands between
southern Ohio and Alabama, one over the region of Cincinnati and part of
The region,
Kentucky, and the other in the same line over Tennessee.
often called that of the Cincinnati npiajft, was first identified as a Middle
Silurian emergence by J. S. Newberry and J. M. Safford. Moreover, an
eastern geanticline also showed itself; for the whole Atlantic border from
New York southwestward through Virginia and beyond became emerged at

the same time, and continued so, with probably increasing height through
the Upper Silurian, Devonian, and Carboniferous eras, when the making of
the Appalachian Range took place; and also after this, through the Triassic
and Jurassic periods until the Middle Cretaceous; for through all this time
no beds with marine fossils were formed over this great area.
The contraction theory of mountain-making, as is seen, appeals to an all
earth first
pervading force that must have been at work from the time the
had a solid exterior.
Already in later Arelnean time it had made Archean
mountain ranges; and it is manifest, from succeeding events, that through
out all time one system of evolution was in progress. Moreover, the theory
has the virtue of explaining the facts, which is not true of the gravitation
If the calcula
theory. No other adequate explanation has been proposed.
tions of physicists do not give a sufficient depth for the results to the "level
of no strain," then the calculations may be believed to be in error until

some other adequate cause of the great faults and flexures has been brought
forward.
- Carving, gouging, and
5. Relations of mountain ranges to denudat ion.
in elevated regions of even a
leveling through denudation go on very rapidly
moderate amount of rain, and have gone on through long ages since the rocks
were made, so that the original forms of the anticlines and synclines of
mountain ranges have disappeared, generally leaving ridges where synclines
once existed.
Yet the geologist may still have little difficulty in tracing out the plica
tions, even if the region over which they extend is now a level plain. The
folds in change of dip. If, on his way
investigator looks for evidence of
he has
westward over a region, be finds eastward dips changed to westward,
and if, going farther, he finds westward clips
passed the axis of an anticline;
that he has reached the axis of a syn
changed to eastward, lie sees proof
faults, making difficulties which
cline. Complexities are added by the great
can hardly be surmounted without the aid of fossils.
mounFrom the facts presented in the above review of the structure of
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ranges, the reasons for the directions of drainage courses over such
regions are easily understood. The prevailing courses are longitudinal as
regards the range; not because synclinal troughs are longitudinal, for these,
in the case of bold flexures, are not ordinarily the courses of river valleys;

but for the more general reason that the flexures and faults in the range are
longitudinal. The greater valleys are made along anticlines, because of
the profound longitudinal fracturing of their summits, in consequence of
the tension produced by the upward bending of the strata. This leaves the
Besides,
intervening synclinal belt as the course of the mountain ridges.
the synclinal strata come under extreme pressure during the flexing process,
and may have derived by this means greater durability.
If the rocks of the
range are crystalline schists and limestone, the limestone yields easily to
denudation, and would determine in general the course of the drainage
channel. But among uncrystalline rocks, limestone is harder than shale and
some sandstone.
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It has been stated that in a region of upturned rocks, as that of the
Appalachian Range, the flexures are made in series along a few parallel
lines, and sometimes in a succession of groups; and consequently that those
of different lines often overlap at their extremities.
Hence, along these

intervening or overlapping portions the strata are irregularly warped and
fractured, and thus weakened.
Here, consequently, erosion should be easy,
and transverse or oblique courses of drainage would result.
Great mountain ranges and systems have been shown to have one or
more curves in their courses. The Appalachian Range, for example, changes
from its south-by-west course in New York to west-southwest in Pennsyl
vania, and then leaves this state with a south-southwest course, which to the
southward veers again to west-southwest. Here is another cause for trans
verse lines of drainage; for such a range usually diminishes in height over
its more nearly meridional or more latitudinal part. In the Appalachians

the lower part is along the latter; and here, as Lesley's map of Pennsyl
vania shows (page 730), the range is crossed by the Susquehanna.
Finally, along a region of a number of close-pressed folds, having great
longitudinal fractures with displacements, a drainage valley may take great
width.
If the plications or monoclines over an extended area have small
dip,
then the broad synclines and the depression between monoclines or lines of
displacement may become the courses of streams.

Epeirogenic movements that give a height of many thousands of feet to
large continental areas add these thousands to the elevation of the moun
tain ranges along the region; and hence, besides causing flows of water down

the gentle slopes, they produce a vast increase of precipitation and denuda
tion about the summits, and make the streams great rivers.
Over the in
terior of continents such movements may cause undulations or warpings
of the surface, which occasionally reverse the flow of rivers, or unite inde
pendent river systems into one, or make depressions that become the basins
of lakes.
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6.

Ranges, Systems, chains, cordilleras in North America.-From. the
explanations given it is apparent that a mountain range includes all the
mountain ridges made over the area and border of a single geanticline. The
Appalachian is an example 900 miles long; it comprises many ridges, but
these are made by denudation. Ranges are the individuals or units in
mountain structures.
A mountain system includes all ranges in a region made in different, more

or less independent, geosynclines at the same epoch. Besides the birth of
the Appalachian Range at the close of the Carbonic era, there was also
the birth of an Acadian Range, from Newfoundland through Nova Scotia,
and probably to Rhode Island. Here are two simultaneously made ranges
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on the Atlantic border, and they may be regarded as parts of an Appalachian
mountain system. Again, in western Arkansas, the upturned Paleozoic
rocks constitute the Ouachita Mountain range, which, as L. S. Griswold has
suggested, pertains to the Appalachian Mountain system, the axis of uplift
conforming to the southern portion of the latter in Tennessee and Missis
sippi. As another example, the Wasatch Mountains constitute one of the
Lararnide ranges.
But the mountains to the north of Montana, in British
America, described on pages 359-60, were evidently made over another trough
in the same line, and correspond to another Laramide range. So there are

others, and as many as there were independent or partially independent
Lar.mide troughs along this line in the Rocky Mountains; and all the
mountain ranges originating from these troughs make up the Laraniide
Mountain system of North America, over 4000 miles long.
A mountain chain is a combination of mountain systems, or mountain
belts of different epochs. On the Atlantic side, there is, along the Appalachian
belt, a combination consisting of the Appalachian system of post-Carbonifer
ous age, the Taconic system of Middle Silurian age, and an Archan system;
and the Palisade mountain system, of Jurassic age, may be added. Together
they constitute the Appalachian Chain.
In the Rocky Mountains, the main Rocky Mountain Chain of British
America, which, as has been stated, is continued southward along the
Wasatch Range, includes an Archan system and the Laramide or post
Cretaceous system. The chain is not continued in sight, south of the
Wasatch; but the line is an important geological boundary, it being the
western limit of the Cretaceous formation, and the eastern of the Great
Basin. The Front Range of Colorado, as it is called, is the course of another
Archean system and also of other Laramide uplifts, and, therefore, of another
summit chain, -which may be called the Colorado Chain.
belt which includes the Sierra
Again, nearer the coast, the mountain
of
Oregon and. Washington, the
Nevada of California, the Cascade Range
it
is called by G. M. Dawson,
as
long Coast Range of British Columbia,
south, 1000 to nearly 5000 feet high, along
together with the range to the
the California peninsula, are parts of a Sierra chain, combining ranges or
later time. In like manner there is a
systems of ranges, of Archan and
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Coast chain commencing to the south in the Coast ranges of California, and
continuing along the islands of British Columbia, and on the sea border
beyond to Mount St. Elias.

Finally, the combination of two or more chains makes a Cordillera, as
the term is used in South America for the Andes.
Accordingly, the Coast
and Sierra chains together with the chains of the Rocky Mountain summit
constitute the Cordillera of the Rocky Mountains.
In South America the
term cordillera is used not only for the Andes as a whole but often also for
one of its long ridges or ranges or chains. The combined niuuntain systems
of the whole Pacific border of North America were first called a Cordillera
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by J. D. Whitney.
By the above definitions, range, system, chain, are no longer interchange
able terms, dependent for their use on extent or complexity of mountain

regions, but have fixed significations.
Study of a mountain range. - Since an individual mountain range has great magnitude, and commonly great complexity through its long seties of involved flexures and
faults, and through the excavating work of running waters, investigation requires a long
and searching study of the structure as a whole, - that is, as an individual. The geological
examination of a single ridge of a range may afford conclusions as to the fact of upturn in gs,
flexures and faults and may obtain evidence as to the force concerned, and perhaps settle
the question of the foliation, or bedding, of the schists of the ridge, if any are present. But
it can afford no general conclusions as to the range; and a petrological investigation would
accomplish still less. A single section across the range would afford facts, but no general
results; for the flexures may vary every few miles, new faults appear and other rocks
come out to view. The student should make his sections not merely in one, or a dozen
transverse lines, but in as many lines as possible in all directions, studying positions of
strata, and noting the changes they undergo from ridge to ridge until the connection of
each ridge with every other in the general system of warping has been ascertained.
Further, this study should be carried on until the true limits of the mountain individual
as far as possible are ascertained. And if the range is more or less metamorphic, the belt
of maximum metamorphic change should be studied out, and the fringe of diminishing
change, on one or both sides. A ridge of upturned rocks, whether Archan or of later
date, is almost invariably evidence of the existence, in the region, of a mountain range 100
to 1000 miles long, or more ; and this should be assumed to be a fact until the contrary is
proved.
With the completion of the investigation there will be little further reason for ques
tionings about the fact of pressure and movements as a source of dynamical effects ; and
if the beds are metamorphic, none as to the source of the heat that produced the meta
morphism. But it remains for petrology to complete the work by investigating the special
characteristics of the metamorphic changes, their relations to the positions of the beds,
the minerals due to the original metamorphism and the results of later changes, besides
other points in the history, for light upon which geology is dependent on its kindred
science.
Further, a mountain range being a very large individual, - a length of a thousand
miles and breadth of more than a hundred being common, -three such individuals
cannot exist on a single area of 50 miles square. When, therefore, indications of three
or more periods of upturned rocks are announced, as indicated, by unconformabilities
in any limited region of upturned crystalline or uncrystalline rocks, Archmean, or
others, it is quite certain that the unconformabihities are in part only unconformnities
through faults, or overlaps, or erosion, which have little epochal significance.
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In addition, it should be remembered that the unconformabilities between the
upturned
rocks of a mountain and those underlying are
usually confined to the mountain region.
A score or so of miles to one side, the rocks may often be found
resting beneath the same
strata, perhaps horizontally, with perfect
between
them. The unconform
conformability
abilities are on this account none the less
important as time-boundaries in geological
history.
When, in consecutive epochs of
mountain-making, the upturned strata of the later
epoch have been thrust up against those of the earlier, by force acting in the two cases from
the same direction, the two sets of strata will have more or less
nearly the same strike.
But their unc.onforrnability may possibly still be proved (1) by difference in dip;
(2) by
difference in kinds of rocks, when the rocks are studied over a long belt in the line of
strike; and (3) by fossils, if the beds are fossiliferous. But when the strata are metamor
phic, and fossils are therefore absent, the difficulties are great. Examples occur in western
Connecticut and eastern New York, where the metamorphic Taconic rocks come into con
tact with Archan. The first and second of the above criteria may still be available,
though with great uncertainty ; the second may be used especially when the two sets of
strata differ in grade of crystallization or metamorphism, or in the presence of some dis
tinctive mineral masses, as of metamorphic beds of iron ore. The belt should, further, be
traced along the range of outcrops in order to find, if possible, a region where there is a
bend in the strike; for at such a bend the two sets of strata probably would not be found
to bend alike ; and to make the investigation complete, all possible strikes and dips should
be measured and plotted on a large map of the region. Special care is needed in order that
unconformity produced by a fault is not mistaken for true unconformability or that in
the bedding.
3. GENERAL RESULTS OF OROGRAPHIC WORK.
1. Effect of orographic work on the earth's circumference. - Faults and
plications are a measure of the shortening of the earth's circumference that has
taken place in an orographic crisis. During the ages of preparation, the
amount of shortening in the making of the geosyncline has been small; for
the slowly accumulating strain reduces widths only by the difference between

the shallow arc and its chord. But at the collapse, as already shown, the
amount has been a score or more of miles: 74 for the Alps (Heim); 44 for
the Appalachians in Pennsylvania; 25 for the Laramide Range in British

America (McConnell).
The line of the Appalachian Range is transverse to a zone of the globe
having a N.W.-S.E. direction; and the Taconic Range and the Acadian of
Nova Scotia and New Brunswick widen this zone northward. The short

ening of the earth's circumference for all these ranges was not east-and-west,
but in the direction of this zone. In this zone the Archan nucleus is to the
northwest; but to the southeast lies the Atlantic, in its long range between
North and South America. In western America, where the mountains made
range northwestward instead of northeastward, the shortening was in the
direction of a zone N.E.-S.W. in course. It was the same zone of the globe
The whole amount of shortening on the Atlantic
that includes the Alps.
border was probably not over 50 miles along the course of the zone; and

on the Pacific border for the Laramide and other systems later than the
Archaan, not over 75 miles.
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The mountain chains and volcanoes of the continents mostly confined to
their borders. -The facts on these points are briefly mentioned on page 32
and beyond. The situation of the chains on the continental borders, so
well exhibited in North America., and the position of the greater mountain
mass of this continent, greater by 25 times, on the borders of the larger
2.

ocean, have manifestly a cause that is in some way connected with the mutual
relations of the border region and the oceanic basin adjoining. The author
has explained these features (1847, 1873) on the view (1) that the lateral
pressure at work was lateral thrust chiefly front the oceanic direction against
the continental borders (the landward side of the border region being the

side of least pressure or greatest resistance); and (2) that since the oceanic
area was depressed below the level of the continental, the thrust was in a
small degree obliquely upward. If the crust in which the strain exists has

only five miles of depth, there is still stronger reason in favor of this expla
nation, and for accepting it also as accounting for the making of the greater
mountain-mass on the side of the widest ocean; for width of ocean, not
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depth, is the important element.
of border volcanoes.

The view explains equally the abundance

3. Great mountain uplifts in the later part of geological time and also
- The fact that the highest and broadest of moun
great igneous ejections.
tains and the chief part of the mass of the continents were lifted above the
ocean mostly after the Cretaceous period is one of the most marvelous in
geological history.
After the crust had become stiffened by the thickening, plication, and
solidification, and partly the crystallization, of the strata of the supercrust,

the chief movement in mountain regions, caused by the ever-continuing
lateral pressure, was an upward one, and then mountain chains received
through epeirogenic movements their great heights. Under the same cir
cumstances, moreover, igneous ejections and volcanoes reached their maxi
mum at the close of the Cretaceous and during the Tertiary.
In. correspondence with the great continental geanticlines of the Tertiary
and later time, there should have been oceanic geosynclines, for the material

constituting the rising mass could have had no other source than the crustal
mass beneath the oceans. On this point there is the great fact of the sub
sidence over the central Pacific, described on page 349, of which the coral
islands are a monumental record. Its area was hardly less than 6000 miles
in length, and the breadth, reckoning only from the Hawaiian to the Friendly

Islands, over 2500 miles. Such a subsidence fully meets the demands of
the Pacific-border geanticline of North America. It suggests, also, that the
other great mountain-masses, uplifted during the Tertiary and Quaternary,
among them the lofty Andes and the still loftier Himalayas, derived a
Under this
supply of material by a like method from beneath the oceans.
compensating relation, the two great movements become one epeirogenic
event, and, therefore, the combined result of one comprehensive cause.
4. North America a type-continent. - Among the continents, North
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America best
itself between
and west. In
its structure it
tion, and that

exhibits typical continental growth, because it stands by
the two oceans, free from other lands on the east, south,
this it is greatly in contrast with
Europe and Asia. In all
shows that its orographic courses were outlined at its incep
its features were gradually developed from age to age, in
accordance with the foreshadowed system. The Archaean protaxes have
almost the lengths of the adjacent continental borders, and the systems of
ranges of later elevation, on the Atlantic and Pacific sides, have parallel
courses and like extent. They are not irregularly distributed groups or
knots of mountains, but elevated lines in the continental structure, orderly
placed according to principles and forces that were already at work in
Archaean time.
Rock-making went forward under like comprehensive methods with the
mountain-making. When Archaean time closed, North America comprised a
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great Interior Continental or Mediterranean Sea, partially separated by the
protaxes from the continental-border seas on the Atlantic and Pacific; and,
besides, there were, in some parts of the borders, parallel troughs or basins
between Archaean confines. Through the following ages, these seas were
doing their various work in rock-making, bringing first to a finish, and
emergence with orographic aid, the eastern half of the continent; and then
giving a like degree of progress and emergence to the western half; and,
finally, under a comprehensive agency, carrying the whole area, from east to
west, to completion.
5. The earth an individual in development. -The system of feature-lines,
displayed in the islands of the Pacific, is virtually that of a hemisphere, for
nearly half of the equator lies between the ocean's eastern and western

limits.
It may be rightly taken, therefore, as the system of the globe. All
north-and-south lines are subordinate lines in this system. There is no
network of pentagonal lines of dislocation (De Beaumont), or of tetrahedral
lines (William L. Green, 1857-1887), or of dodecahedral lines, as urged by
R. Owen, of Indiana, in his later paper on the earth's features (1888); for
the existence of continental regions and oceanic basins implies local differences
in the nature of the material over the sphere, when surface cooling began,
that made such lines of symmetry impossible. Instead, the actual physiog
often bending in great curves,
nomy includes long parallel ranges of lines,
with transverse lines nearly at right angles, and a reference in all to the

oceanic areas. The island chains
positions and forms of the continental and
of the Pacific, 1000 to 5000 miles long, are separated by underwater valleys,
feet, or over 40,000 below the
reaching in some eases to depths of 28,000
feature-lines of the oceans is
highest island summits. The system of
exhibited also by the continents, but with irregularities incident to the
forms, positions, and consequent resistances of the nucleal land-masses.
is abundantly proved, but the special
System through regular progress
causes determining the details of the system are not yet all understood.
The following are some of the points awaiting explanation :
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(1) The gathering of the dry land, the continents, the earth's individ
ualities, and arenas of progress, mostly toward the north pole, and of the
waters as largely toward the south pole, the great cause of continental differ
ences in the system of progress.
(2) The attitude of the continents on the globe, each mass having the
broader extremity to the north and narrowing southward - a fact which
Bacon, in his Hovum Organ.uin, set forth as a problem for solution.
(3) The zigzag arrangement of the northern and southern continents,
South America having its center 40° east of that of North America, and
Australia, as far east of that of Asia.
(4) The separation of the northern and southern continents by a volcanic
belt that girts the sphere.

(5) The two systems of courses in the grand feature-lines of the conti
nents and oceans nearly at right angles with one another, the more equatorial
and most prevalent varying between N. 600 W. and N. 70 W., but curving
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to N. 300 W., and the transverse system with correlate variations.
(6) The existence of a greater mean depth in the western half of the
Atlantic and Pacific Oceans than in the eastern half, notwithstanding
the fact that the continental border adjoining the west Pacific is a region of
high mountains with many volcanoes in the continental islands, and that
the border adjoining the west Atlantic has the lower mountains of North
America and no volcanoes.
These characteristics of the earth necessarily date from the beginning of
solidification; and the first - the existence of a larger part of the continental
masses in the northern hemisphere and of the oceanic area in the southern
may have involved the others. For, if the alleged excess of density in the crust
beneath the oceans is owing to the prevalence of basaltic rocks, the crust of
the oceanic basin would have remained in fusion after that of the continental
had generally cooled through an era long enough for a loss of 3000 to 500°
Fahrenheit, - a fact that would have determined differential conditions and
consequences at the first cooling of the earth's crust.
The zigzag arrangement of the continents has been attributed to torsion;
and the belt of volcanoes that girts the world has been pointed out as the
belt of maximum torsion, and the courses of the earth's feature-lines as

consequences in part of the pressure or tension attending torsion; and thus
an explanation that reaches deeply into the subject of origins has already
been presented.
W. L. Green (1875 and 1877), in The Vestiges of a Molten Globe, sug
gested the idea that the mass of the continental plateaus, occupying the
northern hemisphere, caused, during the incipient stage of the first formed
crust, a retardation in the rotation of this part of the floating crust, and
thereby "a shearing strain . . . between the crusts of the northern and
southern hemispheres," and hence a yielding to this strain
along the earth's
volcanic
belt;
that
thus
"South
America became separated
great
remarking
from its northern half continent, and pushed toward Africa," while Asia, in
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the northern hemisphere, was crowded westward on to Europe and Africa,
leaving Australia to the eastward.
DaUbre, in 1880, explained the same characteristics of the sphere by
reference to torsion in the crust during its contraction, and referred to
the facts as according with his experiments described in his E.'perirnental

Geology.
\.\T Prinz published a paper in the Annuaire de l'Observatoire Royal de
Bruxelles for 1891, in which he points out the resemblances between the
great continental torsion courses of the earth, and the lines that have been
observed on some of the planets. The western outline of North and South
America shows well the obliquity of one of the greater torsion courses and
movements. On the following diagram, Fig. 347, it is the outline to the
left.

Parallel with this, as Prinz explains, and about 900 to the eastward,
347.
N
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there is another, that of the western coast of Africa, continued northwest
ward to Greenland; and 900 farther eastward, there is a third, following the
course of the western side of Asia, from the Urals and Spitzbergen to western
Sumatra and Australia. A fourth is also supposed by him to be indicated in
the middle of the Pacific, nearly 9fl0 more to the eastward, where the great
central chain of islands in the ocean bends northward, and crosses the equa
from published maps that
tor in the Marshall Islands. Prinz shows further
similar oblique lines have been observed on Mars (Fig. 348), and less dis
he states that M. Duimer, by means
tinctly on Venus and Jupiter. Finally,
75th
of the spectroscope, has been able to determine that in the sun the
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degree of latitude makes a complete revolution in 386 days, while the
equator revolves in 2
days.
The fact of torsion appears thus to be sustained for the other
planets
as well as for the earth.
348.
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Oblique featuro.llne on Mars. Prlnz.
Prinz introduces, in closing, the diagram in Fig. 349 to illustrate the
general scheme of torsional movements. He implies that such movement may

have begun in the incipient
stages of surface consolida
tion, whenever the continen

349.
1%

tal and oceanic areas began
to be differentiated, and that
in

1.
\:(
1'

Xj
r

the

process a cleavage
structure was produced that
determined the system of
fractures in the earth's surf'Lee and thereby the system
in the earth's feature-lines.
But he adds that the solu
tion of all the questions that
arise demands the profound
est knowledge of celestial
mechanics, as well as much

experiment, and a complete discussion of the records in the earth's structure.
Historical geology adds
greatly to the interest of geomorphic work, by
in
detail the connection of mountain-making movements with the
presenting

preparatory stratigraphic events, and also by bringing out to view the bear
ings of these great topographical changes on the physical conditions of the
earth, and their influence on biological distribution and
progress.

PART

HISTORICAL
SUBDIVISIONS IN

IV.

GEOLOGY.

GEOLOGICAL HISTORY

AND METHODS

OF

CORRELATION.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

NATURE OF SUBDIVISIONS IN THE HISTORY.
IN the study of geology, there is often an expectation to find strongly
drawn lines between the eras and periods, or the corresponding subdivisions
of the rocks; but geological history is like human history in this respect.
Time is one in its course, and all progress one in plan.
Some grand strokes there may be, -as in human history there is a begin
ning in man's creation, and a new starting-point in the advent of Christ.
But all attempts to divide the course of progress in man's historical devel
opment into periods with bold confines are fruitless. We may trace out the
culininant phases of different periods in that progress, and call each culmi
But the germ of the period was long
nation the center of a separate period.

working onward in preceding time, before it finally came to its full develop
ment and stood forth as the characteristic of a new era of progress. It is all
one progress, while successive phases stand forth in that progress.
In geological history, the earliest events were simply physical. While
the inorganic history was still going on (although finished in its more funda
- a new and
mental ideas), there was, finally, the introduction of life,
great
with
the
lower
of
life,
beginning
grades
species,
step of progress. That
of
new
the
until
the
elevated,
was expanded and
appearance
types,
through
introduction of Man. In this organic history, there are successive steps of

As the tribes, in geological order, pass
progress, or a series of culmination.-,.
before the mind, the reality of one age after another becomes strongly appar
ent. The era of Mammals, the era of Reptiles, and the era of Coal-plants
come out to view, like mountains in the prospect, although, if the mind
should attempt to define precisely where the slopes of the mountain end, as
be greatly embarrassed.
they pass into the plain around, it might
We note here the following important principles:
The reality of an era in history is marked by the development of
some new idea in the system of progress.
397
First.

98

HISTORICAL GEOLOGY.

Second. The beginning of the characteristics of an era is to be looked
for in the midst of a preceding era; and the marks of the future coming out
to view are prophetic of that future.
Third. The end of an era may come, either after the full culmination
of the idea or phase, or earlier, at the commencing prominence of a new and
grander phase in the history. It may be as ill-defined as the beginning,

although its prominent idea may stand out boldly to view. Thus the era of
Coal-plants was preceded by the occurrence of related plants far back in the
Devonian. The era of Mammals was foreshadowed by the appearance of

mammals long before, in the course of the Reptilian era. And the era of
Reptiles was prophesied in types that lived in the earlier Carboniferous era.
Such is system in all history. Nature has no sympathy with the art which
runs up walls to divide off her open fields.
Fourth.

Mere length of time, without culminating or characterizing events
beyond that of rock-making, is not a criterion of value in the subdividing
of geological history.
CORRELATION OF THE RECORDS.
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The chronological order is that demanded, as in any history. The first
object is, accordingly, to ascertain which are equivalent strata, or those of the
same geological horizon, and where in the chronological succession each

stratum belongs.
As even the shorter divisions of geological time have in general been of
very long duration, the equivalent or correlate strata of distant regions can
not be known to be precisely synchronous in origin. A long time, measured
by thousands of years, may in fact have intervened between the commence
ment of beds that are most alike in all those points by which age and equiv
alency are determined.
Huxley, in view of the impossibility of determining true synchronism,
same,
proposed to designate by the term hoinotaxial (from the Greek
and rdc, order) those strata, in regions more or less widely separated, that
have apparently the same relative position in the geological series.
Difficulties. -The following are some of the difficulties encountered in
attempts to ascertain the true chronological succession:

The stratified rocks of the globe include an indefinite number of lime
stones, sandstones, shales, and conglomerates; and they occur horizontal
and displaced; conformable and unconformable; part in America and part
in Europe, Asia, and Australia; here and there coming to view, but over
1.

wide areas buried beneath soil and forests
Moreover, even the same bed often changes its character from a sandstone
to a shale, or from a shale to a limestone or a conglomerate, or again to a
sandstone, within a few miles or scores of miles, and sometimes within a few
rods; or, if it retains a uniform composition, it changes its color so as not to
be recognized by the mere appearance.

In the United States, many a sand-
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stone in New York and Pennsylvania is of cotemporaneous origin with a
limestone in the Ohio and Mississippi valleys. Some rocks in eastern New
York are not found in the western part of that state, and some in the central
and western part not in the eastern.
2. In all periods, sand-beds, mud-beds, clay-beds, pebble-beds, and lime
stone-beds have been simultaneously in progress over different parts of the
globe; and, if a period is known in geology as solely a period of limestone,
it is because science has not yet discovered where the beds of sand, mud,
or pebbles were being deposited while the limestone was making over its
regions. The idea of a period of sandstone-making, or of limestone-making,
is therefore an absurdity; for sand deposits are local; a short distance off,
there may have been, in all times, as now, mud deposits.
Still, it is true
that, over continental seas, the prevailing depositions have sometimes been
of limestone material, and sometimes of mud or sand; yet this has been true
for certain great regions in the seas of a continent, rather than for all its
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seas at once.
3. Again, a stratum of one era may rest upon any stratum in the whole
of the series below it, -the Coal-measures on either the Archean, Silurian,
or Devonian strata; and the Jurassic, Cretaceous, or Tertiary on any one of
The Quaternary in
the earlier rocks, the intermediate being wanting.
rests
on
Arcinean
rocks,
in
America in some places
others on Silurian or
Devonian, in others on Cretaceous or Tertiary.
4. In addition, denudation and uplifts have thrown confusion among the
beds, by disjoining, disarranging, and making complex what once was simple.
Amidst all these sources of difficulty, how is the true order ascertained?
Means of correlation. -The following are the means employed: -

Order of superposition. - When strata are little disturbed, vertical
sections give the true order in those sections; and so also may outcrops of
In using this method by
inclined strata over the surface of a country.
superposition, several precautions are necessary.
Precaution 1. -Proof should be obtained that the strata have not been
folded upon one another, so as to make an upper layer a lower one (see page
where the rocks are much
104), - a condition to be suspected in regions
tilted.
350.
Precaution 2. - It should be seen that the strata
b
under examination are continuous. A fault in the
1.

rocks may deceive; for it makes layers seemingly
continuous which are not so. Faults are common in
when the
legions of upturned rocks and may occur
In some cases, beds forming the upper
dip is slight
settled down
part of a bluff (as ab, Fig. 350) have
seem to be continuous with the older ones
bodily (c) to the bottom, so as to
of the bottom (as c with d). In other cases, caverns in rocks have been
filled through openings from above, and the same kind of mistake made.
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When the continuity can be established, the evidence may sometimes lead
For example, it may be found that a coal-bed,
to unexpected results.
followed for some miles to one side or the other, is continuous with a shale,

and both are actually one layer; that a sandstone is one with a limestone a
few miles off; that an earthy limestone full of fossils is identical with a
layer of white crystalline marble in a neighboring district; or that a fossj
liferous shale of one region is the same stratum with the mica schist of
another.

Precaution 3. -Note whether the strata overlie one another conformably
or not, -that is, conformably as regards bedding.
Precaution 4. - Remember that, where one bed overlies another conformably, it does not follow necessarily that these beds belong to consecutive
periods, as has been above explained.
The criterion mentioned, - order of superposition, - unless connected
with others, gives no aid in comparing the rocks of distant or disconnected
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regions. For this purpose, other means must be employed.
2. Color, texture, and mineral composition. - These characteristics may
sometimes be used to advantage, but only within limited districts and always

with distrust. There were at one time in geology an "old red. sandstone"
and a "new red sandstone"; and, whenever a red sandstone was found, it
was referred at once to one or the other. But it is now well understood
that color is of little consequence, even within a small geographical range.
Mineral composition has more value than color, especially when it is not
one of the common kinds. But it is usually to be disregarded.
One inference from the mineral constitution of a stratum is safe; that is,
that a stratum is more recent than the rock from which its material was derived.

Hence, an imbedded fragment of some known rock may afford important
evidence with regard to the age of the containing stratum. But the presence
of such a fragment does not prove that a long time intervened; the imbed
ding may have happened in the same period in which the earlier beds of the
formation were made. The beds made and consolidated ill modern time are
often torn up by the waters and put into new beds in some other place.
Coral limestones of recent seas are often conglomerates of the recent coral

Limestone breccia is sometimes formed out of the blocks at the
foot of a bluff of limestone from which the blocks had fallen.
3. Although mineral composition is ordinarily unsafe, it has value when
limestone.

two or more conformable strata of constant mineral characters accompany
one another.
Such evidences may prove identity for hundreds of miles.
The association of schist, limestone, and quartzyte from central Vermont to

Connecticut and beyond, with only small gradational changes ill each of the
rocks, serves to identify the Taconic series through its wide distribution.
4. Fossils.-The criterion for determining the chronological order of

strata dependent on kinds of fossils takes direct hold upon time, and, there
fore, is the best ; and, moreover, it serves for the correlation of rocks all over
The life of the globe has changed with the progress of time. Each
the world.
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epoch has had its peculiar species, or peculiar groups of species. Moreover,
the succession of life has followed a grand law of
progress, involving under
a single system a closer and closer approximation in the species, as time
moved on, to those which now exist. It follows, therefore, that identity of

species offossils proves approximate identity of age.
Equivalency is sometimes shown in an identity of species; more often in
a parallel series of nearly related species; often by an identity or close rela
tion in the genera or families; often also in some
prominent peculiarity of
the various species under a family or class.
Through a comparison of fossils, it was discovered that the Chalk forma
tion exists on the Atlantic border of the United States, although the region
contains no chalk; that the Coal formation of North America and that of
Newcastle, England, belong in all probability to the same geological age;
and so on.

The progress in life has not consisted in change of species alone. The
species of a genus often present, in successive periods, some new feature; or
the higher groups under an order or class some modification, or some new
range of genera, so that, even when the species differ, the habit or general

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

characters of the species, or the range of genera or families represented, may
serve to determine the era to which a rock belongs, or at least to check off

the eras to which it does not belong. Thus Spirifer, a genus of mollusks,
which has a narrow form in the Silurian, has often a very broad form in the
course of the Devonian and the Carboniferous ages. Ganoid fishes, which
have vertebrated tails through long ages, have their tails not vertebrated in
after time. Trilobites become wholly extinct at a certain epoch in their his
These are examples of a principle availed of in multitudes of cases
presenting minor differences.
Much aid is derived also from the canon brought forward by Agassiz in
the first volume of his Poissons Fossiles (1833, pages 208-270), and con
sitlered at length in one of the chapters in his Natural History of the United
States (i. 112, 1857) : that, under the various tribes, the geological succession
tory.

of species often corresponds in some of the more general characteristics
with the succession of phases in the development of living representatives of
those tribes. In other words, geological succession and modern embryologi
cal succession have near parallelisms.

11
Agassiz says, in his work on Fossil Fishes (vol. i, page 169): JIM djl. eu plus d'une
fois occasion de faire remarquer la grande analogie qu 'ii y a entre certaines formes
embryoniques, qui sont passagères clans le dveloppement des individus, et les caractères
constans d'une foule do genres de différentes families, qui Wont quo peu de reprsentans
dans la cration actuelle, on qui sont compkctemeflt teints." In his work on the Natural
on "the Parallelism between the
History of the United States, on page 112 of the chapter
of their living representa
geological succession of animals and the embryonic growth
"The
of
as
follows:
phases
development of all living
tives," Agassiz states the principle
of
their
extinct
representatives in past
animals correspond to the order of succession
geological time."
DANA'S MANUAL-26
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In illustration: the vertebrated tails of the ancient Ganoids is one ex
ample, since this feature is a characteristic of the young of living Ganoids,
and also of some other living fishes. The cartilaginous skeleton of the
ancient Ganoids is another embryonic feature.
The stem of the ancient
in
of
the
Crinoids occurs
the young
related Comatula.
The Mastodon, as
and
in
some other points, is embryonic in its
regards its teeth, says Agassiz,
to
the
relations
Elephant.
Paleontologists of skill derive a degree of prophetic power through the
aid of the canon. The shells of Ammonites have been shown by A. Hyatt to
afford an excellent illustration of the principle. Noting that the coiled shell

contained within it all the forms it had passed through from the embryo stage
to the adult, he proved by his studies of the shells of different genera that the
embryological succession corresponded in a general way with the geological

succession, and hence that the position in the geological scale of any new
species was approximately determinable from its form. It is obvious that
through the knowledge thus obtained stratigraphical doubts may often be
removed.
Moreover, where direct paleontological observation has ascertained
in particular cases the steps of progress in the. development of organs, as, for
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example, those of the teeth in Mammals, the facts become a basis for further
use in the same direction.
But decisions on such grounds have to be made

with great reserve; since there were often, throughout paleontological his
tory, retrograde steps in the various tribes of species, and, not unfrequently,
in some organs when the general progress was upward.
Man stands at
the head of Mammals, and yet, as regards his teeth, he is below the Monkeys,
and related to the earliest Tertiary Mammals.
By the methods which have been above described, great progress has
been made in arranging the rocks of the different continents in a chronologi
cal series. North America has large blanks in the series which in Europe
are filled.

In this and other ways the countries of the world are contribu
ting to a general system of life history.
Precautions in the use of fossils for correlation. - Precaution is required
for the following reasons : 1. The difference in species attending difïerence of conditions in climate,
soil, etc. In the same regions, during any era, the species of the land differ
from those of the waters; those of fresh water from those of salt; those of

the surface or shallow waters from those of deeper; those of warm waters
from those of cold, whether at the surface or in the deep ocean where
oceanic currents make differences of temperature; those of warm or dry
lands from those of cold or wet; those of clear open seas from those of

muddy waters or near muddy seashores; those of rocky bottoms from those
of muddy; etc. Hence, an ancient rock made in a clear sea, as a limestone,
will necessarily contain very different fossils from a rock that was made of
mud, although they were formed at the very same time, in the same waters,
and within a hundred miles of one another.
Even a hundred yards may be
all that separates widely different groups of species. Again, a rock made
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in fresh waters will differ in its fossils still more widely from that made
synchronously in salt waters; a rock made in shallow waters from one made
at great depths; a rock made in the
tropics from one made in the temperate
zone or the arctic, provided the zones at the time of the making differed as
they do now in climate. Hence, a very considerable difference in the fossils
of rocks is consistent with their being contemporaneous in origin.
2. As a consequence of the above facts, or the dependence of life on
food, temperature, and other physical conditions, migrations in species
or faunas will take place whenever there is a marked change in the waters;
it may be for a few miles or many. Barrande, first in 1852, pointed to
examples of such migrations in his " Colonies," as he styled them; cases
of advanced occurrence locally of a fauna that afterwards disappeared, but
later became the prevailing fauna of a region, which he explained by migra
tion, implying, as Geikie observes, that "particular species appeared with
the conditions favorable to their spread and disappeared when these ceased."
The case is the same when the fauna of a bed, which has apparently become
extinct, has recurrences in an overlying stratum whenever there is a recur
rence of the kind of deposit. In and out the species go with the changing
conditions.
Hence, as H. S. Wnilliains has said, "the actual order of faunas
met with in a vertical section is not necessarily expressive of biological
seqience, but only of the sequence of the occupants of that particular area.'
Such recurrences of species are likely to be met with in all regions where
fine shales, coarse shales, argillaceous sandstones, quartzose sandstones, with
or without liniestones of varying purity, are in alternation.
3. The difference in the time at which species or groups have begun to exist

in different regions.
The several continents may not have been exactly
in
all
the
parallel,
steps of progress in the life of the globe. Certain families
may have commenced a little earlier in one than in another; or again, one conti
nental sea or region, over a continent, may have received some of its species
by migration from another, long after their first appearance. Here is a
source of doubt: what may be due, on one side, to special continental idiosyn
crasies in condition or history, and, on the other, to migrational distribu
An example of the doubts and
tion, is always to be carefully considered.

difficulties which may be thus occasioned is afforded by the Cretaceous and
Fossil plants of the
Tertiary formations of North America and Europe.
Rocky Mountain Cretaceous have been pronounced Tertiary by European
paleontologists who judged from comparisons with European Tertiary species;
and yet the animal fossils of associated beds made it certain that they were
Cretaceous: and the query has thence arisen whether the European plants
may not be the successors of emigrants of Cretaceous American species
which, through this means, became characteristic in Europe of a post-Cre

taceous period, or, whether the differences are not indigenous to the sepa
rate continents.
4. The difference in the time at which species or groups of species of different regions have become extinct. In one region, changes may have caused
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to disappear, while, in another sub
species or genera (or higher groups)
or causes of catastrophe, the same species, or
jected to the same conditions
at least the same genera (or higher groups), may have continued on through
another period. Genera or Families may have become extinct sooner on one
continent, or part of a continent, than on another; or in one ocean, or part
of an ocean, than in another.
Again, catastrophes may affect the shallow
borders of an ocean, and not reach to a depth of a hundred fathoms.
5. The absence of fossils from a formation, or their extreme fewness,
even when the formation is thousands of feet thick, is no evidence as to the
paucity of life in the era. The absences may be owing to local conditions;
or to the trituration of fossils to the finest of particles which infiltrating
waters could wash out; or to the waters of the region having been fresh.

A case in the later Paleozoic is that of the Devonian Catskill Red sand
stone 3000 to 4000 feet thick, whose fossils are very few brackish-water or
fresh-water species. When formed, the seas of the world contained as large
and varied a fauna as in the period of the great Devonian limestones or that
of the Su.bearboniferous Crinoidal limestones. Such blanks need explana
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tion; for the equivalent fossiliferous can hardly be absent from the whole of
a continental area.
6. The inferior value of plants to animals as tests of geological
equivalency is generally admitted. It appears to be true also that
fossils are entitled to greater weight than terrestrial or fresh-water
But the evidence from Vertebrates is
excepting the fossil Vertebrate.
surest when fortified by that of Invertebrates.

age of
marine
species
always

The difficulties are not often sources of final doubt when the conclusions

are based on the general range of animal types characterizing an era.
Should
a Trilobite be hereafter discovered in any Cretaceous rocks of the world, it
would lead no one to suspect those rocks to be Paleozoic, because the asso
ciated species would be sufficient to settle the question of age.
Among metamorphic rocks, the outcrops of the rock should be followed
into the region of feeble metamorphism where traces of fossils may possibly
be found. By studying the relations of the associated rocks as to bedding,
and proving conformability and continuity, the discovery of a few fossils in
one stratum of the series at a single locality may settle the question of age
approximately for a whole formation hundreds of miles in length.
SUBDIVISIONS OF GEOLOGICAL TIME.
General basis of subdivisions. -In view of the principles explained in
the preceding pages it follows that 1. The grander divisions of geological time should be based, in a com
prehensive way, on organic progress, independently of events connected with
rock-making and disturbances of the crust.
Examples of such divisions
are those of the four primary divisions, the Archwan, Paleozoic, Mesozoic,
and Cenozoic.
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Subordinate divisions should
recognize the same criterion, but should
for
their
limits,
as
far
as
depend
practicable, on physical breaks or events
registered in the rock-series, and on abrupt transitions in kinds or groups of
fossils. Since the latter are dependent on
physical changes, they are a con
venient criterion when characterizing large areas.
3. When subordinate divisions of the
higher grades have been estab
lished on any continent, or part of a continent, these divisions should be
recognized and adopted as nearly as possible in the study of other regions,
and their limits determined if possible by means of the fossils; for
only in
this way can the history of different regions be brought together into one sys
tem. For example: the Permian period, recognized and defined in
European
geological history, should have its place in American geological history,
however intimately the beds and their fossils in America
may blend with
those of the Carboniferous period. So also the Devonian of Europe should
be recognized and have like limits, as nearly as may be, in the Devonian
of America. A degree of fixedness in the higher subdivisions and their
names is necessary to prevent confusion in the literature of the science
and the frustration of its great purpose, -the production of a comprehensive
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2.

earth-history.
4. Inferior subordinate divisions so far depend on local conditions, that
those of different continents, and even of distant parts of the same continent,
generally require, in the first study of a region, special designations to avoid

assumptions of closer relationships or equivalency than can be made out.
The different continents, and often also unlike regions of the same continent,
have had their special histories. The periods and epochs of America and.
Europe are not in general the same in limits, and much less so in rocks. The
Devonian subdivisions are different on the two continents; and it is far from
certain, also, that the commencement assigned to the Devonian in North
America is synchronous with that in Europe. In the Carboniferous, Rep
tilian, and Mammalian eras the American epochs differ from the European.
There is much diversity between the subdivisions in New York and those of

the Mississippi valley, and still greater between these and the subdivisions
of the Pacific slope and border. Even in Pennsylvania the formations fa.il
of many of the subdivisions that are prominent in New York.
Hence in the study of a new region it is necessary at the outset to make
arbitrary subdivisions of its formations, such as may seem most convenient
and natural, and give them local names. These names have at first only a
note-book value.
When the relations of the beds to those recognized in
other regions have been ascertained through fossils, the facts begin to take
their places in the general geological history of the country; and should the
correlation be complete, the local names may give way to those generally

accepted elsewhere.
It is of the highest importance to remember that state boundaries are
at least in America, true geographi
only political limits, and not, ordinarily,
cal or geological limits; and if the subdivisions of one state which have
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already received local names extend into the adjoining, the introduction of
new names in the latter is a wrong to the science.
5. In all cases, the characteristics of the species and the beds should be
carefully scrutinized, lest abruptness due to local migrations (as those caused
by slight changes of depth or currents and kinds of sea-bottom) should be
mistaken for abruptness of real importance.
Physical and Organic Breaks. -Prominent among the events influencing
the rock-structure and life of a continent is that of mountain-making. The
Appalachian Mountains stand as a grand time-boundary between the Paleozoic

on and the Mesozoic; and cotemporaneous orographic movements make a
like limit in European geology. Moreover, it was attended by the most
remarkable of organic breaks. The Taconic mountains mark the close of
the Lower Silurian, an epoch of abrupt change in North America; and
The Laramide or
parallel disturbances occurred in Britain and Europe.
post-Cretaceous mountain system along the Rocky Mountains is another
such boundary for America, separating Mesozoic and Cenozoic time, though
But it so
not as complete in the attendant organic break as in the physical.
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happens that no corresponding event occurred at this time in Europe, the
orographic movements most nearly synchronous taking place after the com
mencement of Cenozoic time. Nevertheless, the organic break at the close
of the Cretaceous period is even greater for Europe than for America.
Such a fact seems to show that there was some other catastrophic event
concerned; but its nature is yet to be studied out.

Part of the breaks referred to above were limited in their effects to
the hemisphere including America, Europe, northern and middle Asia, and
northern Africa.
The opposite hemisphere, that of India, Australia, and
South Africa, has been more or less independent, although the two were alike

in many characteristics; and owing to this, the boundary closing Paleozoic
time, so strongly marked in the geological history of Europe and America,
cannot be satisfactorily defined in the latter. The coal period is of later
date than that of Europe and America, it occurring in the Permian, and the

Permian period blends with the Triassic.
Such orographic time-boundaries are registered not only in the rocks that
are upturned, but also in uncouformabilities between them and the succeed
ing rocks. It is important to note, however, as already stated, that the
unconjor?nability exists only in upturned regions. A short distance away, the
succeeding beds will be found lying conformably over the same kinds that
are upturned in the mountains; moreover, the organic break there may be
less pronounced, and in more distant regions it may fail altogether. The

unconformability is, however, none the less important as a time-boundary,
for orographic upturnings have been events of great geographical extent
after long ages of preparation.
The Subdivisions. - The several grades of subdivisions of geological
ons, (2) Eras, (3) Periods, (4) Epochs; and the
(1)
corresponding terms applied to the formations are Series, Systems, Groups,
time are named
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For intermediate divisions sub is prefixed to the name of the
Stages.
division next above. Still lower subdivisions are termed zones, and receive
Subdivisions of zones,
special designations from a characteristic fossil.
to
the
vertical
distribution of species, have been recently
corresponding
called hemera?, from the Greek for day. In place of any of the above
terms, the word time may be used in its usual sense whenever it is thought

convenient. It is substituted beyond for the word a?on.
I. ARCHJEAN TIME. -The beginning of Archan time was without life;
but before it closed conditions had been reached that admitted of the exist
ence of PrOtoPl1YtiC and protozoic life.
II. Pozoic TIME. - Characterized by the more ancient kinds of life,
closing with the period of the great Coal formations of Europe and America,
so named from iraAauc, ancient, and
life.
III. MEsozoIc TIME. - The life of medival types or kinds; closes with
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the period of the Chalk or Cretaceous formation, so named from /L&oS,
middle, and
IV. CENozoIc TIME. -The life of more modern types, continuing to the
present time, so named from awóc, recent, and
The term Paleozoic was proposed by Sedgwick in 1838, and preferred and adopted by
Murchison the same year in place of his own name Protozoic, it "involving no theory."
For the terms Mesozoic and Cenozoic, and the upper limit of the Paleozoic, the science is
indebted to Professor John Phillips, of Oxford, England. Cenozoic is sometimes written
Cainozoic or Kainozoic. But in English, derivatives from the Greek diphthong o.i become
tE or e, as in Ethiopia, Eoiian, Egypt, Etna, ether, hematite; and K becomes C, as in center,
circle, calyx, camel, and multitudes of other words. Lyell's names for divisions of the
Tertiary, namely, Eocene, Miocene, Pliocene -are examples of both cases, the cc in
each being icaL in Greek.
The following table contains some of the subdivisions of inferior grade:
I. ARCH4EAN TIME.
There are the two divisions, the Azoic and the ARc1ozoIc, but they are
not distinguishable in the rocks. The rocks have been divided into 1. LAURENTIAN.
2. HURONIAN.

II.

PALEOZOIC TIME.

1. Eopaleozoic Section.
1. CAMBRIAN, OR CAMBRIC, ERA.
1. Lower Cambrian, or Georgian Period.
2. Middle Cambrian, or Acadian Period.
3. Upper Cambrian, or Pótsdam Period.

ERA.
2. LowER SILURIAN, OR LOWER SILuRIC,
1. Canadian Period.
2. Trenton Period.
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Neopaleozoic Section.

UPPER SILURIAN, OR UPPER SILURIc, BRA.
1. Niagara Period.
2. Onondaga Period.
3. Lower Helderberg Period.

2. DEVONIAN, OR DEvoNIc, ERA.
1.
2.

Oriskany Period.
Corniferous Period.

3. Middle Devonian, or Hamilton, Period.
4. Upper Devonian Period.
3. Cuouc ERA.
1. Subcarboniferous Period.
2. Carboniferous Period.
3. Permian Period.
Ill.

MESOZOIC TIME.
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1. Triassic Period.
2. Jurassic Period.
3. Cretaceous, or Cretacic, Period.
IV.

CENOZOIC TIME.

1. TERTIARY ERA.
2. QUATERNARY ERA.
European geologists, at meetings of the International Congress of Geologists, have
decided to make the names of the higher subdivisions of the eras end in ic.
In early geologic science, the oldest system of rocks recognized was called the
Primary or Primitive system, and it comprised granite, gneiss, mica schist, and all
other related crystalline rocks; and the more schistose kinds, like mica schist, chlorite
schist, hornblende schist, were made the newer of the series. The terms "Fundamental
gneiss," in English, and "Urgneiss," German, are relics of this beginning period.
Under the same geological scheme - that of Werner - the second division was called
the Transition rocks. It embraced the semi-crystalline schists, and slates or argillyte, along
with hard gritty rocks called gray-wacke, and some limestones which were much upturned
and thus were seemingly distinct from the ordinary fossil iferous strata, or the so-called
"Secondary" rocks. Their partly semi-crystalline texture and their upturned condition
were regarded as evidence of their being older than and separate from "Secondary"
rocks; and their imperfectly crystalline or uncrystalline state, that they were younger
than the Primary rocks.
The idea that gneiss and mica schist are always "Primary" or Arcluean rocks, that
grade of crystallization is a safe mark of relative age, was shown to be false by Lycll
(Principles, 1830-33), who, with De la Beche (1834), rejected all Wernerian errors.
Lyell went so far as to hold-as a table in the third volume of his Principles (1833,
p. 387) shows-that crystalline or metamorphic schists may occur in all the formations,
from the earliest to the latest.

SUBDIVISIONS fl
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The general facts in the progress of life on the
globe are illustrated in
the annexed diagram:
351.
ANIMALS.

PLANTS.

Quaternary.........................................
Tertiary, or Era of Mammals.................
Mesozoic, or Era of Reptiles.................
Carbonic..............................................
Devonlan .............................................
Upper Silurian .........................
Lower Silurian ...................................
Cambrian.............................................
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Arciunan ..............................................

The horizontal bands represent the divisions of time; the vertical cor
respond to different groups of animals and plants. The lower end of each
vertical band marks the point in geological time when, according to present
knowledge from fossils, the type it represents began; and the varying width
in the same bands indicates the greater or less expansion of the type. The
following are the points the diagram illustrates:
According to present facts from fossils, Radiates began in the Cambrian,
and have continued till now, rather increasing throughout the ages.
Mollusks had their beginning in the Cambrian, and continued increasing
to the era of Reptiles: they then passed their maximum (as indicated in

the figure).
Articulates commenced in the early Cambrian; and, excluding the tribe
to which the Trilobite belongs, they continued expanding in numbers and

grade to the present time.
Fishes began in the Lower Silurian, were very abundant and of great
size in the Devonian, and continued on, becoming further diversified in

later periods.

Amphibians began in the Carbonic, and reached their maximum in the
early part of the Reptilian era.
of the Carbonic, and had their
Reptiles began in the Permian period
maximum in the Reptilian era or Mesozoic time.
Mammals began in the Reptilian era, and became the highest of species
in the Mammalian era or Cenozoic time.
Sea-weeds (or Alg) were the earliest plants of the globe, probably prein the Upper Silurian and
ceding animal life. Acrogens and Conifers began
The Acrogens had their greatest expansion in the era of
possibly earlier.
with Conifers.
Cycads began in the
Coal-plants, in which they occurred
Devonian, and had their greatest expansion in the Reptilian era. Angio
the closing period of the Reptilian era,
sperms or Dicotyledons began in
and expanded, along with Palms, through the era of Mammals.
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Agassiz, first at Neufchfttel, in 18-11, in a Discours sur la Succession, et k
Ddveloppement des ~ t r e organisds,
s
and later in his Principles of Zoology, 1848,
distinguished Paleozoic time, as that of the Reign of Fishes ("Ie Rhgne des
Poissons ") ; Mesozoic time, as that of the Reign of Reptiles ; and Cenozoic
time, as that of the Reign of Mammals.
Inferior Subdivisions. -The subdivisions under the eras, -the periods,
and epochs, -vary, as has been stated, in different countries. The table
(Fig. 352) presents a general view of those of eastern North America, so
far as the Paleozoic is concerned,- the Silurian, Devonian, and Carbonic
being well represented on the continent. The rest of the series (Fig. 353) is
partly from European geology, where the system is well represented.
In this Manual, American geology is in general first considered; and
afterward such further illustrations are drawn from other continents as are
necessary for txmprehensive views and generalizations.
The subdivisions, as the table shows, are named, for the most part, from
the locality or region where the rocks are well displayed. Owing to conditions explained beyond, the subdivisions of the American Paleozoic series are
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more numerous and more trenchantly distinct in the state of New York than
iu most other parts of the continent; and, moreover, the rocks of the state
were studied in detail and described by the geologists of the New Yo& $urvey between the years of 1836 t o 1842, the systematizing period in geological
science. For these reasons, but especially the latter, a number of the subdivisions bear the names of New York localities.
The following map of the United States east of the Rocky Mountains
exhibits the geographical distribution of the rocks of the several ages;
that is, the regions over which they are severally the surface-rocks.
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The map is from the geological chart of C. H. Hitchcock, with changes
from later publications. The blank area on the eastern border comprises
Archean, Cambrian, and Lower Silurian rocks, not
yet having their limits
defined.
The progress of the life of the globe is one of the two great subjects that
come before the student, in the
following part of this Manual, treating of
HISTORICAL GEOLOGY. By way of introduction to it, a short chapter on its
system of structures is here introduced.
BRIEF REVIEW OF THE SYSTEM OF LIFE.
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GENERAL CONSIDERATIONS.
1. Life. -Some of the distinctions between a living organism and inorganic or min
eral substances have been mentioned. Recapitulated, with additions, they are: (1) The living being has, as the fundamental element of its structures, visible cells,
containing fluids or plastic material.
(2) It enlarges by means of imbibed nutriment, through a process of development;
and not by mere accretion or crystallization.
(3) It has the faculty of converting nutriment into the various chemical compounds
essential to its constitution, and of continuing this process of assimilation as long as the
functions of life continue; and it loses this chemical power when life ceases.
(4) It passes through successive stages in structure, and in chemistry, from the simple
germ to a more or less complex adult stage, and finally evolves other germs for the contin
uance of the species; instead of being equally perfect and equally simple in all its stages,
and essentially germiess.
There is, therefore, in the living organism, something besides mere physical forces, or
the chemistry of dead nature -something that ceases to be when life ceases. There is a
vital condition, in which molecules have powers that lead to resulting seed-bearing struc
tures, widely different from those of inorganic nature, and standing on altogether a higher
level. There is a power of development, an architectonic power, that not only exalts
chemical results, but evolves a diversity of parts and structures, and a heritage of ancestral
qualities, of which the laws of material nature give no explanation.
2. Vegetable and Animal life. -The vegetable and animal kingdoms are the mutu
ally dependent sides or parts of one system of life. The following are some of their dis
tinctive characteristics (1) Plants take nutriment into the tissues by absorption; animals have a mouth, and
receive food into a sac or stomach. Exceptions to this feature occur in animal life only
in the lowest microscopic forms and certain parasitic kinds; and the most of these extem
food comes in contact with the outer
porize a mouth and stomach whenever any particle of
interior cavity. Certain insectivo"
in
an
is
surface, so that even here the food
digested
the
process is not necessary to growth, with
rous plants "digest" animal material, but
small exceptions.
the carbon, and set free oxygen,
(2) Plants find nutriment in carbonic acid, appropriate
in
and set free carbonic
use
respiration,
oxygen
a gas essential to animal life; animals
of
carbonic
acid
amount
given out by plants
acid, a gas essential to vegetable life. (The
in respiration is too small to need consideration here.)
as food, and turn it into organic; animals take
(3) Plants take inorganic material
materials made from it (ani
this organic material thus prepared (plants), or other organic
mals), finding no nutriment in inorganic matter.

HISTORICAL GEOLOGY.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

414

for the storing away or magazining of force
(4) The Vegetable Kingdom is a provision
for the Animal Kingdom. This force is acquired through the sun's influence or forces acting
on the plant, and so promoting growth; mineral matter is thereby carried up to a higher
grade of composition, that of starch, gluten, vegetable fiber and other products, and j
this there is a concentration or accumulation of force. To this stored force animals go for
growth and development; and, moreover, the grade of composition is thus carried yet
higher, to muscle and nerve; and this is a magazin jug of force in a still more concentrated
or condensed state.
(5) Plants, of some minute kinds, and the spores of some larger species (some Algae)
have locomotion, or a degree of contractility in certain parts that corresponds to an infini
tesimal amount of mechanical power; but the locomotive spores, as they develop, become
fixed, like the plants from ordinary seeds, and no increase of mechanical power accompa.
nies vegetable development. In animal development from the germ, on the contrary,
there is always an increase of power-an increase, in all, of muscular (mechanical)
power, and, in the case of species above the lower grade, of psychical and intellectual
power, -until an ant, for example, becomes a one-ant power, a horse a one-horse power.
Whence, an animal is a self-propagating piece of enginery, of various power according
to the species.
(6) In the plant, the root grows downward (or (lark-ward) and the stein upward (or
light-ward), and there is thus the up-and-down polarity of growth - the higher develop
ments, those connected with the fruit, taking place above, or in the light. In the animal,
there is an antero-posterior polarity of power as well as growth - the head, which is the
seat of the chief nervous mass and of the senses, and the locus of the mouth, making the
anterior extremity. Consequently, there is in animals a connection between grade and
the greater or less dominance and perfection of the head extremity. An animal, as its
Even the inferior
ordinary movements manifest, is preeminently a go-ahead thing.
stationary species, like the Polyp, show it in the superior power that belongs to the
mouth extremity.
(7) Plants have no consciousness of self, or of other existences; animals are con
scious of an outer world, and even the lowest show it by avoiding obstacles.
From the above diverse characteristics of plants and animals, it follows that, however
alike chemically are the germs of the two, they must still be, in their chemical nature,
fundamentally different..
ANIMAL KINGDOM.
The most prominent subdivisions of the Animal Kingdom are: 1. VERTEBRATES; IL INVERTEBRATES.
These subdivisions are based on the presence in the former alone of a vertebral
column, with a bone-sheathed cavity along the dorsal side of the column for the great
nervous cord. This vertebral column in the embryo-stage and in many adult fishes is a
cartilaginous cord, called the notochord (from the Greek for back and a gut chord of a
stringed instrument), situated below and parallel with the spinal cord or nerve; out of it,
as development and ossification proceed, the vertebral column is produced. In the sheath
of the spinal nervous cord, the dorsal spinous processes of the vertebra3 are produced,
which more or less inclose the cord. The Invertebrates, besides having no vertebral
column within, have the chief nervous cord ventral in position and below the intestinal
canal instead of dorsal.
The Vertebrates include, beginning with the highest: MAMMALS
Biitns

RE1'TJLES
A3m1J1i lii ANS

All other species are Invertebrates.

FishEs
Ln I'TOOA hUMANS
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VERTEBRATES.
The more prominent characteristics of the six classes of Vertebrates are the following: 1. Mammals.
Species that suckle their young; breathe by means of lungs; have a heart of four
cavities. There are three prominent subdivisions: (1) The true Viviparous, as Man,
ordinary Quadrupeds, Bats, Whales, Seats. (2) The Semi-oviparous, the young of which
are more immature at birth (the birth, therefore, intermediate between the oviparous and
viviparous), and which are passed into a pouch where they are suckled until maturity: as
the Marsupials, of which the Kangaroo of Australia and the Opossum of North America
are examples. (3) The Oviparous, or Monotreines, as the Ornithorhynchus of Australia
and Tasmania, and the Echidme of Australia, Tasmania, and New Guinea, which produce
true eggs. The Ornithorhynchus, or Duckbill, has the bill of the Duck, and lives along
streams in holes entered below the level of the water. It has the bones that in Marsupials
support the pouch, but not the pouch.
2. Birds.
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Oviparous; breathing by lungs; heart of four cavities; covered with feathers, and
having wings mostly adapted for flying. All existing birds have bills without teeth; but
geological discovery has made known the existence in Mesozoic time of birds with a full
set of teeth.
3. Reptiles.
Oviparous; breathing by lungs; a heart of three or four cavities; naked or covered
with scales: as Crocodiles, Lizards, Turtles, Snakes.
4.

Amphibians.

Oviparous; breathing when young by gills, afterward by both gills and lungs, or by
lungs alone; a heart of three cavities; naked or covered with scales: as Frogs, which lose
the tail as well as gills on becoming adults; and Salamanders, the tailed (or lizard-like)
Amphibians. The modern species are naked-skinned and often toothless; but many
ancient kinds had scales like Reptiles and stout teeth.
5. Fishes.
Usually oviparous; heart usually of two cavities; breathing by gills, which take air
from the water, and are situated in front of one or more openings in the sides of the throat
that let out water which enters by the mouth; skin naked, or covered with scales or bony
means of the posterior or caudal
plates. Locomotion chiefly a process of sculling by
extremity of the body.
Under Fishes there are the following prominent divisions:
PAL.EICIITHVES, or Fishes of ancient type, including the Sharks and Gars, charac
terized by a heart with the arterial bulb contractile and the intestine having a valve
between it and the stomach, both characters showing relations to the Amphibians. The
three grand divisions are: - Fishes having
1. Selachians. -The group includes the Sharks (Fig. 355) and Rays
or
slits
no
(g);
gill-cover, and gills
a cartilaginous skeleton; usually several gill openings
attached to the skin by the outer margin instead of being free; embryo with deciduous
scales, but a rough skin (shagreen).
external gills; no air-bladder; usually no proper
and
separate from the nostrils, with the
The ordinary Sharks have the mouth underneath
the Hbodonts, have the teeth of
teeth sharp-edged (Figs. 358, 359, 360); another group,
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similar form to the preceding, but round or blunt-edged (Figs. 361, 362) ; another, the
(Jesraciones (Fig. 357), an ancient type, of which only one genus now exists, has a pave
ment (Fig. 303) of small bony pieces (Figs. 364, 365) in the mouth (for grinding up shell.
fish, etc.), and a series of smaller teeth at the margin, with the mouth and cavities of the
nostrils confluent. Many ancient Sharks, like a few of the modern, had large spines
connected with, and usually along the anterior margin of, the fins (Figs. 355, 356). As
these fishes have the vertebral column imperfectly ossified when not cartilaginous, the
fossils are mostly teeth, spines, fragile vertebre, and occasionally shagreen.
In the lowest group, the Ch i;narhls, there is a cartilaginous notochord multij licately
subdivided, the sheath of which is partly ossified. The species have a few very large
teeth, and a single gill-opening, which is covered by a fold in the skin. To this group
are referred the .Acanfhodians, which were formerly supposed to be Ganoids. They
have very small rhombic scales, a spine along the front margin of the fins, and are
apparently without teeth.
355-365.

Y
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8EL4cmAN8.-Fig. 355, Spioox Blainvitili (x j); 3!'6. Spine of anterior dorsal fin, natural Size-, 357. Ce..
traclon Philippi (x j); 355, Tooth of Lamna eieganu; 39. Id. Carcharodun angumltden.; 300. Id. Noll.
danu. primigenlus; 361, Id. Ilybodue minor: 362, Id. Ilyb. pikatiii; 383, Mouth of Cestraclon, showing
pavement-teeth of lower jaw; 364, Tooth of Acrodus mlnitnue; 365, Id. Acrodue nobills.
2. Ganoids or Oars (Figs. 366 and 375). -The Oanoids have the skeleton cartilagi
nous in the earlier kinds, but mnorc or less ossified in the later and in the few modern
species; one gill-opening; a gill-cover, and gills free ; an air-bladder, having a pneu
matic duct; embryo sometimes with ext.rmmnl gills. Skin covered commonly with
thick bony scales, like Reptiles or ancient Amphibians (whence yanoid, froni the Greek
ydoc, shining), or with bony plates, somewhat, turtle-like; scales often rhombic and set
together like tile (Figs. 360, :375) ; amid interlocked by projecting points (Figs. 307, 368);
sometimes cycloid and Inibricate. 'Falls of ancient species vertebrated or heteroc.'real, like
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the Sharks (Fig. 375), but non-vertebrateci or homocercal in many later kinds (Fig, 366),
except in the embryonic state. Teeth (Figs. 372, 373) labyrinthine in interior structure
(Fig. 374, a cross-section), a feature which is more strongly marked in the teeth of ancient
Amphibians (the Labyrinthodonts), which geologically succeeded to the Ganoids.
The Ganoid tribe includes The Placode.rms, an aberrant type, having the head and anterior part of the body
covered with a shield made up of plates, as represented in figures of Pteraspids, Cepha
laspids, Asterolepids, etc., on pages 566, 624. The posterior part of the body has scales,
which admit of free movement for sculling locomotion. The pectoral fins are large arms
in the Asterolepids, fitted apparently for crawling over muddy surfaces left by the retreat
ing tide.
:i
'-j
S'j1
I

'JJ

874
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GANOIDS (excepting 369, 370).- Fig. 366, 'Fail of Thri8sop8 Cx )); 367, Scales of ChIroIepI8 Tralilil (x 12) ;
368, id. Palinoniscue Iepiduru8 (x 6); 368 a, under-view of same; 369, Scale of a Cycloid; 370, Id. of a
Otenoid; 371, part of pavement-teeth of Gyrodus umbilicus; 372, Tooth of Lepldosteue; 373, id. of a
CricoduB; 374, Section of tooth of Lepldostoue oaseus.
The Crossopterygans, or those having in the pectoral fin, like many Dipnoi, a thick
ened finger-like axis, with reference to which the rest of the fin is like a fringe, and
thence the name of the group. (Sthenopterygians, referring to the strengthened axis of
the fin, would be better.) 1-loloptychius, Onychodus, Glyptolepis, Rhizodus, Osteolepis,
are some of the ancient genera; and Polypterus, of the Upper Nile, is a related genus.
375.

PaheoniscuB Freleslebefli (x ), Permian.
The Pakoniscoids, in which the pectoral fins have no thickened axis, besides other
etc.
peculiarities, as in Palioniscus (Fig. 375), Chirolepis, Eurynotus,
blunt
rounded
molar-like teeth, as in
with
The Pycnodonts, having the palate paved
Pycnodus, Gyrodus (Fig. 371), etc.
of which the species of Lepidosiren and
3. Dipnoans or Lung-fishes. -These fishes,
and lungs, the air-bladder being
Ceratoclus are living representatives, have both gills
a
as
lung- a characteristic that enables the
cellular, so as to have functional value
DANA'S MANUAL-2'
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living Ceratodus to survive in the muddy pools of dried-up streams in Australia. The
pectoral fins are a pair of slender filaments in Lepidosiren ; thickened paddle--shaped fins
with a jointed axis in Ceratodus, and have a thlkkenLd axis in Phanpropletirtin and other
ancient genera.
TELEo5Ts. - The 'Feleosts include nearly all of the modern fishes except the Sharks
and Rays and the few existing Ganoids. They are closely allied to the Ganoids, through
the existing Amia and related forms. They have a bony skeleton, as implied in the name
(from réX¬oc, pe,Iect, orov, bone) ; and the gills are free. In the absence of a valve
between the intestine and stomach they are unlike the Ganoids and Sharks and inferior
to them in type of structure. The body usually has scales, which are either cycloid
(Fig. 309), or ctenoid (Fig. 370), the latter term referring to the toothed r Sl)1UOUS
margin, and coming from the Greek for comb; but in some kinds there are bony plates.
CYCLOSTOMES (Marsipobranchs) or Lampreys, etc., having a simple cartilaginous noto
chord ; no jaws; mouth a circular opening for suction, usually with conical teeth on its
inner surface; gills pouch-like; no tins.
6.

Leptuca rdians.
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AMPIIIOXUS (or Branchiostoma) : embryonic forms having a simple fibrous notochord
in place of a vertebral column ; cranium and distinct brain lacking ; heart tubular ; gill
a saccular dilation of the osophagus; no jaws; the organs of the senses partly wanting.
The species are all small.
Relation of Vertebrates to Invertebrates.-The Invertebrates are widely separated in
character from the Vertebrates. The nearest group to Fishes among them is that of the
Ascidians or Tunicates, formerly referred to the class of Mollusks and regarded as not
higher among species than the Oyster, all special organs of locomotion being absent,
and little to be seen in an outside view but. a bag with two holes for the passage of water
-inward at one hole and outward at the other. But. the animals are little like Mul
lnsks structurally, and have certain peculiarities in their embryonic development which
manifest a relationship to the Vertebrates. In time young stage sotmn of theni have a
resemblance in form and somewhat in organs to the tadpole of a Frog and the embryo-like
fish, Amphioxus. The AsciLians are consequently regarded as related either to a prottityhle
form of Vertebrate, or else to a degenerate form in the Vertebrate series. The relation is
briefly presented in a well-illustrated article by lankestcr entitled Vertebrata, contained
m the 24th volume of the Encyclopcvdia Britannica.
IN VERTEBRATES.
The old subdivisions of the Invertebrates are: PnoTozoANs; RADIATES, including
Polyps. Hydrozoans, and Echinoderms; MOLLUSKS, including Mollusks, Bryozoans, a
Brachiopods; ARTICULATES, iIICiLL(liIlg \'ornIs, Crustaceans, and the terrestrial kinds.
Myriapods, Arachnids, and Insects.
Through embryological study it has been proved
that true I'rotozoans are one-celled in all stages, the embryo cell undergoing no subdivis
ion (that is, segmentation) in the developnwnt. Ii Sponges, on lime con( vary, while there
is much external resemblance to I'rotozuans, time germ-cell undergoes segmentation as in
higher species, and hitnce there is a nearer relation to Polyps than to time simple Protozoans.
It. has also been found that Brachmiupods are about. as nearly related m \Vtmvmmm as to Mol
lusks ; that Echumuslt-rjiis are more nearly related to Worms than to L'olyps and I lydro
zoans, notwithstanding the radiate arrangement, of the external parts ; that Polyps and
Hydrozoans (Medusw) are closely related, and as they have the common character of
a single opening to the interior cavity, they now are called Cwlent.erates, from KoIXoc, h.l
low, and hrepo, inte1ine.
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The Articulates having jointed limbs, including the terrestrial species and Crustaceans,
are now generally removed from the Worms, and placed in a separate grand division
called Arthropods (from the Greek pOpov, joint, and irotc, foot). But the typical Worms
and the Arthropods are alike in consisting of a series of segments, each normally having
its nervous ganglion; and in this fundamental feature, which is more important than their
differences, both sections are far removed from Mollusks and Brachiopods, which are non
articulates, the body and its appendages having no joints. On this account the old division
of Articulates still has importance. The relations of Insects are even closer, structurally
and embryologically, to Worms, than to Crustaceans, notwithstanding their jointed limbs.
This relation of Insects to Worms is shown by the resemblance of the larves to Worms;
while Crustaceans, by the same evidence, are proved to be most nearly related to the
precursors of Worms.
The grander divisions of Invertebrates are as follows: 1. ARTHROPODS.
a. The terrestrial or Tracheate species:
1. Insects; 2. Myrapods; 3. Arachnids.
ARTICULATES.
b. The aquatic or Branchiate species:
4. Litnuloids; 5. Crustaceans.
2. WORMS.
NON-ARTICULATES. 3. MOLLUSKS; 4. MOLLUSCOIDS (including Brachiopods and
Bryozoans). The non-segmented Worms might here make
another subdivision.
.
ECIUNODERMS.
1
RADIATES.
6. CELENTERATES, including Hydrozoans (or Medu&e and
Hydroids), and Actinozoans (or Polyps).
I
7. SpoNGiozoAss, or the animals of the Sponges.
8. PROTOZOANS, A)nwbOids, Rhizopod., Radiolarians, ilfonads,
and other Flagellates, etc.
1. Arthropods.
The TRACHEATES have spiracles (breathing-holes), a vascular system for inside air
circulation, and one pair of antenme, or none; they include Insects, Myriapods, Arachnids.
The BRANcIIIATE5 have gills for the aeration of the circulating fluid, or perform this
function through the general surfaces of the body or its foliaceous appendages. The spe
cies are Crustaceans, Limuloids, and Pycnogonids.
Insects.

1.

head, thorax, and abdomen; and
Having the body in three parts, that is, a distinct
Bees,
Wasps) ; Lepidopters (Butterflies,
only three pairs of legs: as Flynienopters (Ants,
Neuropters
(Dragon-flies, May-flies)
;
Moths) ; Coleopters (Beetles) ; Dipters (Flies)
Cockroaches)
;
Heniipters
(Cicada, Squash-bug,
Orthopters (Grasshoppers, Locusts,
Aphis); Thysanura (Podura, Lepisina).
2.

.iliyricipods.

and numerous pairs of legs;
Having a worm-like form, regularly articulate body,
a
or somite, the Chilopoda,
to
of
segment
legs
part have the body flattened, and one pair
others
have the body nearly
and
which include the &oiopendra and other Centipeds
which
include the Iulids
the Diploöpoda,
cylindrical, and two pairs of legs to a segment,
and other Mihlepeds.
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3. Arachnids.

Having the body in two parts, cephalothorax and abdomen (but in the lowest,
Mites, only one, -the abdomen and thorax not separate segments) : as Spiders, Scorpions,
Mites, Ticks.
4.

Linuioids.

Limuloids are a nearly extinct tribe of species, related more nearly to the Arachnids
than to Crustaceans. The only species in American waters is the Lininlus polyphemus,
or Horse-shoe, common on the coast of southern New England and to the southward.
Limuloids differ from Crustaceans in not passing through the .Vanpiius stage in embryo
logical development; in having no antenne corresponding to the first pair in Crustaceans;
and in having the two antenn of the second pair chelate ; that is, terminating in pincers,
and used for conveying food to the mouth,- a degenerate service for sense-organs.
A Paleozoic group, under the tribe of Limuloids, includes the Eurypt"riils - aquatic
species having the long, jointed body of a Caligus among Crustaceans, but occasionally
several feet in length. For figures, see pages 556, 623. They have two antenine, like the
Limulus, or none, and, moreover, the basal joints of part or all of the legs are the ani
mal's jaws. Although aquatic species, they are related to the Scorpions, a division of
Spiders. See further, page 513.
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5.

Crustaceans.

The class of Crustaceans is divided into : (1) Decapods (so-named from the Greek for ten-footed), as the Crabs, Lobsters,
Shrimps, usually having 5 pairs of feet.
(2) Tetradecapods (named from the Greek for fourteen-footed), as the Sow-bugs and
Sand-fleas.
(3) Entmostracans, irregular in number of feet, and usually without a regular series
of abdominal appendages.
.376-385.
8135

ARTICULATES. -(1) JVórtns 376, Arenicula marina, or Lob-worm (x ). (2) Crustaceans: 377, Crab,
species of Cancer; 378, an leopod, species of Poreeiilo; 379, an Amplilpod, species of Orchestla; 380,
an Isopod, species of Seroils (x ) ; 381, 382, Snpphlrina Iris; 381, female; 382, male (x 6); 383, Trilobite,
Calymene Blumenbachll; 384, Cythere Americana, of the Cypris family (x 12) ; 385, Anatlfa, of the
Cirriped tribe.
In an early stage of development, many young Crustaceans have a 6-footed free
swimming form, called a Nauplius, 2 of the feet being functionally antenntn and 4 of
them legs, the third pair afterward becoming jaws. All Eutomostraca pass through this
Nauplius stage, and also a few of the higher kiwis.
Among the Decapods, Crabs are called Braehyurana, -from the Greek for shorttailed, the abdomen being small and f 1d'd up under the body; the Lobsters and Shrimps,
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Ilfacrurans, - from the Greek for long-tailed, the abdomen being rarely shorter than
the rest of the body.
Among the Tetraclecapods, Figs. 378, 380 represent species of the tribe of Isopods (a
word meaning equal-footed), and Fig. 370 of that of Amphipods (feet of 2 kinds). Fig.
378 is the Sow-bug, common under stones and dead logs in moist places. Fig. 379 is the
Sand-flea, abundant among the seaweed thrown up on a coast.
Under Entomostracaus, the Cyclops group (Copepods) includes very small species
having a shrimp-like, or Caridoid, form, as in Fig. 381. Sometimes the male and female
differ much in form : 382 is male, and 381 female of &ipphiriua Iris; ab is the cephalotho
rax, and bd the abdomen. In the Cypris group, the animal is contained in a bivalve shell,
as in Fig. 384, and they are hence called Ostracuids.
In the Ph yilopod group, the form is either Caridoid, approaching Cyclops, or like
Daphnia or Cypris; but the abdominal appendages or legs are usually foliaceous and
excessively numerous : the name is from the Greek for leaf-like feet. The Ostracoid Phyl
lopods are multiplicate species (that is, excessive in number of body segments or limbs) of
the tribe of Ostracoids, and the Caridoid kinds often resemble multiplicate species of
Copepods.
In the Cirriped or Barnacle group, the animal has usually a hard, calcareous shell, and
is permanently attached to some support, as in the Anatifa (Fig. 385) and Barnacle. The
animal opens a valve at the top of the shell, and throws out its several pairs of jointed
feet looking a little like a curl, and thus takes its food, -whence the name, from the
Latin cirrus, a curl, and pes, foot. The Anatifa has a fleshy stern, while the ordinary
Barnacle is fixed firmly by the shell to its support. Barnacles are common on the rocks of
the seacoast between high and low tide. The young Cirriped or Barnacle is a free-swim
ming Ostracoid, much like Fig. 384 in form, but, on passing to the adult stage, it drops its
bivalve shell, and commences the sedentary life of the species, and the hard, permanent,
calcareous shell of the animal is then formed. As with other Crustaceans the animal
periodically casts its skin with progress in size, but not the hard calcareous shell about
the body. The shell of ordinary Crustaceans is not calcareous, but chitinous, and more or
less flexible ; the Cirripeds are an exception as regards this outer shell, but not in the
integument over the legs and body within this shell. The composition of the chitinous
covering of a lobster is given on page 73.
Trilobites are Paleozoic Crustaceans related to the Isopods. They have the general
form of an Isopod, the higher division of the Tetradecapods, and were placed near this
group, with a query, by the author in 1852. But they are
386
Phyllopod-like or multiplicate species, with the exception of a
few of embryonic relations. Like the Isopods, and unlike species of Apus, and most other Entomostracans, they undergo no
Trilobites are represented in Figs. 383, 386,
arid 387-391.
In the Trilobite, the shell of the head-portion (ab, Fig. 383)
is called the buckler; the tail (or properly, abdominal) shield,
when there is one (Fig. 383, d), the pygidiurn. The buckler
(ab) is divided by a longitudinal depression into the cheeks or
lateral areas, and the qiaheila or middle area (Figs. 383, 386).
The cheeks are usually divided by a suture extending from
lII1iaToites }IUUfliRI1I)I.
the front margin by the inner side of the eye to either the
posterior or the lateral margin of the shell. In Fig. 383 (c'alymene Blumenbachii), this
suture terminates near the posterior outer angle. The glabella may have a plane sur
face, or be more or less deeply transversely furrowed (Fig. 383), and usually has only three
side of the eye forward or out
pairs of furrows. The suture running from the anterior
in
outward
(s
Fig. 388), is the facial suture;
ward, and from the posterior side of the eye
head,
covering the mouth, is called the
a prominent piece on the under surface of the
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hypostome. The eyes may be very large, as in Daimanites (Fig. 386), Phacops, and Asaphus (Fig. 689), or small, as in ..Uomaionotus; or not at all projecting, as in Trinucleus
(Fig. 692); and may also differ in position in different genera.
390
387-391.
387
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TRIARTRBUB BEOKII.-Figs. 387, 388, specimens with antennie and portions of cephalic and thoracic ap
pendages (x 2) ; 380, portion of antenna (x 10) ; 300, posterior half, with remains of feet Cx 2) ; 301 a,
one of the jointed appendages (x 6) ; 391, one of the feet. Matthew.
Specimens of Trilobites are almost always without appendages of any kind. Evi
dence of pairs of slender limbs extending the whole length of the body were first observed
in a specimen of Asaphus platycephalus, by Billings, in 1870; and later, in 1883, in
another American species, A. megistos, by Mickleborough. New proof was announced
by Walcott, in 1876, 1877, and 1881, from slicings of some hundreds of specimens of
a species of each of the genera Galymene and Ceraurus; who reached the conclusion
that there were four pairs of slender appendages to the head-portion, and a series along
the whole under surface to the extremity of the pygidiurn or abdomen. He also obtained
evidence that the thoracic legs had at bases a branch (epipodite), and that they carried
also an appendage in the form of slender filaments, some of which were spiral, which he
described as probably branchial. Mr. Walcott also gives figures of what he regards as
the fossil ova of the Trilobites.
These results have been in the main confirmed and made more definite from specimens
of Triarthrus B¬ckii, found by W. S. Valiant, and described, in 1803, by W D. Matthew,
some of which are represented in Figs. 387-391, from Matthew's paper. In addition to the
existence of legs, the specimens figured show that. Trilobites had slender antenn of the
first pair (Figs. 387, 388), consisting of short joints (Fig. 389); and that the slender,
bifid, jointed feet were, in part at least, natatory organs, probably, by pluinose sette (as is
indicated in Fig. 388 and others). The presence of a second pair of ant.enni is probable,
but none is indicated. The specimens were from a thin layer in the Utica shale near
Borne, Oneida County, New York.
Later investigations of specimens from the same locality, by C. E. Beecher (1803, 1804)
have ascertained that the abdominal appendages are branclijal, as in modern Isopods
he has also made out the precise form and other characters of the thoracic limbs, show
ing that each consisted of a seven-jointed leg, and a long natatory appendage. (Sec page
512 for figures.)
The following table exhibits the homologies, as regards segments and their appendages,
of different types of Crustaceans, 0 indicates the absence of a segment., and the Roman
numerals above, the normal number of the segment.s in the cephalothorax and abdomen.
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CEI'I-IALOTIIORAX.
I
1. DECAPODS
(Crab).
. TETRADECAPODS,
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3. CYCLOPS.

ii m

Pedunc. 2 pairs
of
eyes.
antenme.
0

2 pairs
of
antenme.

0

2 pairs
of
antenn.

ABDOMEN.

rv v vi vuvm ix x xi xn XIII XIV
------------6 pairs of mouth
pairs of feet.
organs.
4 pairs of
7 pairs of feet.
mouth
organs,
,-'--- ,----'
3 pairs one 4 pairs of
0 0
of
pair natatory
mouth feet.
feet.
organs.
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I U III IV V VI
6 pairs of
abdominal
appendages.
6 pairs of
abdominal
appendages.

0

usually no
appendages
except to last
segment.

2. Worms (Verines)
Worm-like in form, consisting of many segments not always distinct, without jointed
legs, though often furnished with tubercles, 1amell, or bristles. Examples: the Earthworm, marine Annelids, Leeches. Among the Annelids or higher Worms, the Arenicola,
or Sand-worm family, includes species that burrow in the sands of seashores; Fig. 376
represents the A. marina, or Lob-worm, which is common on European and American
shores, and grows to the size of the finger. One species of Eunice has a length of 4 feet.
They are supposed to be related to the &oiithus of the Cambrian (Potsdam Sandstone).
Species of Tubicolte, of the Serpula tribe, live in a calcareous or membranous tube,
and have a delicate branchial flower, often of great beauty, near the heads. The tubes
often penetrate corals, and the branchial flower comes out as a rival of the coral polyps
around it.
The J?i,tffers are generally made a subdivision of the Worms. They are minute species,
having 3 to U body segments ; 1 or 2 simple eyes; a pair of jaws ; disks, situated anteriorly,
which are edged with movable cilia in place of limbs. Many have, in appearance, the
cephalothorax and jointed abdomen of an Entomostracan, and in this and other ways
show a relation to Crustaceans. They are supposed by Lankest.er to have comprised the
precursor species of Annelids, Crustaceans, Limuloids, and other Arthropods; and others
compare the forms of some with the embryos of Mollusks, Molluscoids, and 1-lolothurians,
- relations that would make the group the Emhryonoid division of the higher Inverte
brates. For figures of Rotifers and references see article ROTIFERS in the Encyci. Brit.
The Helm inths, or Intestinal Worms, need no especial remarks in this place, as they
have no geological importance.
3. Mollusks.
Mollusks consist essentially of a soft, fleshy bag containing the stomach and viscera,
without joints or jointed appendages. They were named Mollusks from the Latin mo/ifs,
of the back, called the mantle or
)ft
They have on either side a thin fold of the skin
to
inclose
a cavity between it and the
serves
pailiuni (from the Latin for cloak), which
The
mantle varies from very
body, where are the gills (branchiie) or aerating organs.
or land-snails) it is a covering for
large to nearly obsolete; and in some (the Pulmoimates
an internal lung-like organ of respiration. The ventral surface anteriorly has sometimes
a firm, fleshy projection which serves as a foot for locomotion, as in the Clam, or for their
out flat,
attachment by horny fibers, as in the Mussel. Again, it is sometimes spread
in
or
it has
the Gastropods;
locomotion, as
making a large, flat foot or ventral surface for
or into 4
the anterior part divided into a pair of wing-like paddles, as in the Pteropods;
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or 5 pairs of arms furnished with tentacles, suction-disks, or horny claws, as in the Ceph
alopods.
The subdivisions are as follows: 1. Cephalopods. Free-swimming; having 4 or 5 or more pairs of arms arranged
foot. Swne, like the
about the mouth (Fig. 392), so named from ceax, head, and
and
others (Squids) only an internal bone or
Nautilus, have an external chambered shell,
pen. Rkynch.oUtes, sometimes found as fossils, are the hawkliill-like jaws of the species
of Ammonites.
The subdivisions are: the Tetrabra.nchs, or 4-gilled species (Fig. 401), including the
Nautili and Ainmonites, and the
-.
Dibrauele.s, or 2-gilled species,
P
which never have an external
chambered shell, and include the
,,- lirge Devil-1i'he' and the Argo
.7,
low
naul, or Octopods
or e
(Fig. 392). In the latter group,
one pair of arnis is ver long
and there is an internal horny
or calcareous bone (shell) some
The Calamary or Squid, Loligo 'uIgarIa (length of body, 6 to 12
times called the pen (Fig. 392,p)
i
the
duct
which
the
ink
is
thrown
out;
the
Inches);
by
p
"pen."
situated in the back. One species of the Newfoundland seas has the body 15 feet long and the long arms about 35 feet.
The Sepia, from its ink-bag, affords the brown paint called sepia; and its ' pen" is the
spongy cuttle-fish bone used to supply lime in bird-cages.
2. P-teropods. - Free-swimming species, having for the purpose of locomotion (Fig.
400), a pair of paddle-like plates near the head; shell, when present, often slender, conical,
thin, and glassy, but also of other shapes, and rarely spiral (Limacina). Named from
irrspóv, wing, and ruis.
3. Scaphopods. -The foot adapted for burrowing. Shell tubular, conical, or oblong,
slender, as in Dentaliuni. Named from
digging, and
4. Gastropods (Cephalopliora). - Head prominent, and furnished with eyes and
usually tentacles (Fig. 399); the mouth with a. rasp-like tongue; the foot., for locomotion, a
broad, flat, ventral surface, whence the name of the group (from -yao-r-p, i/u' venter); shell,
a dorsal secretion, usually spiral, but in Chiton, a jointed symmetrical shield ; in sonic,
conical ; sometimes wanting. Includes the Snails (Fig. 31)9) among land species, and the
spiral shells of fresh and salt water, often called Univalves; also species without shells,
some of which (Nudibranchs) have the gills in flower-like groupings on the back. The
mantle varies much in extent, reaching (at the will of the animal) as far up the outside
of a shell as the surface is highly polished. Bt.sidrs the eyes of the head, several species of
Naked Mollusks of the genus Oncliidium have eyes over the back ; and these eyes, unlike
those of other Invertebrates, are like the eyes of Vertebrates in structure, a layer of rods
and cones forming the outer layer of the retina, and the general arrangement of the parts
being Vertebrate-like (Semper, Animal Life, 1881, page 371).
5. Lamellibranchs (Figs. 396-398). - Include the Clam, Oyster, and oilier" bivalves."
They have no eye in the head portion, and no projecting head (whence called ileeph.als),
and no teeth or denticles in the mouth. The foot. in many is a tough, keel-shaped, or
flattened muscular projection ; but sometimes it is small and spins horny fibers (1)yssus)
for attachment to rocks, and sometimes (as in Oysters, etc.) it is wanting. They have a.
bivalve shell, time valves situated either side of time body, and articulated together above
between the unthones. The valves show, inside, the impressions of one (at 2, Fig. 898', r
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two (1, 2, Figs. 396, 397), rarely more, adductor muscles, and also an impression of the
mantle or pallium, which is concentric with the loweF and hinder margin of the shell
in integripallial species, and has a sinus
posteriorly in sinupaWal species. The mantle
is large, concealing the body, with the two sides either free at the lower edge, or not con393-401.
390
894
(393
-

400

(9R
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\
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MOLLUSKS, Figs. 393-401. - (1) Brachiopods : 393, Terebratula impreesa, of the OUlyte; 394, Lingula on
its stem. (2) JJr!,ozoans: 305 (x 8), 395 a, genus Eseharti. (3) Larnellibranchs: 396, 397, 398, the
Oyster. (4) Gastropods: 399, Helix. (5) Pteropods: 400, genus ('leodora. (6) Cephalopods: 401,
Nautilus (x ).
nected (as in the Oyster, etc.), or else grown together into a sac (Venus, Mya); and in
the latter case usually having the sac terminate behind in two tubes, as in Mya, Solen,
one incurrent, for receiving water, to the gills, and food, and the other excurrent. Imperfect eyes or eye-spots exist in the mantle of some species. Gills are usually lameilar
organs (whence the name, LameWbranchs) situated between the mantle and the body.
In a few boring species, the shell includes, or is followed by, a long, calcareous tube,
which may be 1 to 2 feet long in Teredo, the timber-borer.
4. Molluscoids.
1. Brachiopods. -Brachiopods (Figs. 393, 394, and 402-430) have a bivalve shell,
and in this respect are like the Lameilibranchs or ordinary bivalves. But the shell,
instead of covering the right and left sides, covers the dorsal and ventral sides. More
over, it is symmetrical inform, and equal, either side of a vertical line ab, Fig. 407. The
valves, moreover, are almost always unequal; the larger is the ventral, and the other the
dorsal. There is often an aperture at the beak (near b, Fig. 393), that in the young state
and often through the adult gives exit to the pedicel, by means of which the animal
is fixed to some support. Species having the two valves hinged together are called Artien
late Brachiopods, and those that are hingeless are the Inarticulate. Some of the genera
of the former group are Orthis, Orthisina, Spirfer, Rhynchoneila, Strophomena, Penta
merus, Terebratula; and some of those of the latter are Lingula, Linguicila, Oboins,
Obolelia, Discina, Crania.
branchial leaflets; and a pair of
Brachiopods have a pallium, but no independent
- whence the name Brachio
coiled fringed arms, which in some cases may be extruded,
the support of these arms, there are often bony
pod, meaning arm-like foot. For
These calcified ann-supports, when present, are 2
processes (Figs. 402, 406, and 409).
valve ; they are short and curved in the
thin lameihe, attached to the interior of the dorsal
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Rhynchonelh (Fig. 411); are extended toward the front of the shell, and bent back and
united, forming a loop, in Terebratula, Magellania, etc. (Figs. 403, 401, and 402); or are
extended forward and coiled in variously shaped spiral coils, as in Spiiiier, Atrypa,
etc. (Figs. 405, 408). In many extinct genera (rthis, Strophoniena, etc.) there are no
calcified arm-supports. These arms are covered with vibrating cilia, which serve to keep
up a current of water over or through the branchial cavity of the animal.
A few of the species are represented in Figs. 402-430:
402-421.
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BRACHIOPODS. - Fig. 402, Magellania flnvecens ; 403, loop of Ttr'brntuIn vltrea ; 40.1, id, Trebratullna caput
serpentis; 405, pirI(er striatus; 406, same, listeiiur of dorsal valve: 407, Athyrls conctqitrlca; 408, 409,
Atrypa retleularis, the latter dorsal valve; 410, lthynehonella psittiieea, showing the spiral arms of the
animal; 411, Id. dorsal valve; 412, id. ventral; 413, trophomena luhlnumbona ; 414, id. dorsal valve; 415,
id. ventral; 416, Plectambonltes transversulis; 417, Id. dorsal valve; 418, Id. ventral; 410, Orthis sirla.
tula; 420. Id. dorsal valve; 421. Id. ventral.
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Fig. 422, I'roductus acuIi,,itu, dorsal view; 423, I'roductus seinireticulatus, ventral view; 423 (t, section of Pro.
ductue, showing the curvature of the valves; 424, Chonetes latue, opposite views; 425. Caiceola eanda.
lina (it Coral with lid, resembling a bivalved Brachiopod); 426, Crania antlqun; 427, Discina (Disoinieca)
inmeliosa, side view; 428, id. showing foramen; 429 a, b, Siphonotreta unguiculaut, opposite views;
430 a. b, Obolue Appolllnie.
Brachiopods are among the oldest of fossils. The animals have been shown by Morse
to have close relations to the Annelids, though not multiplicate like them, but when adult
without distinct segments.
2. Bryozoans (Polyzoans). - Bryozoans, or Moss-athnals (so named with reference
to the moss-like corals they often form), look like Polyps, owing to the series of slender ciliated organs surrounding the mouth, as represented in Figs.
431.
395, 395a; 395 is magnified about 8 times; and 395a represents
b
the animal showing its stomach at s, and the flexure in the ali
mentary canal, with its termination alongside of the mouth. The
coral consists of minute cells either in branched, reticulated, or
jMj
J7 ic
incrusting forms. They are often calcareous; and such were com
mon in the Silurian, and still occur. Esc/iara, Fiustra, Retepora,
are names of some of the genera. The Oysters in the market often
have their shells encrusted with large groups of the minute cells of BRYOZOAN, GemoIaria
loricata.
Bryozoans.
Fig. 431 represents a membranous species (called Gemeliaria loricaea); b is the moss
like coral, natural size; and a a portion of a branch, enlarged, showing the cells.
5.

Echinoderms.

Echinoderms, while eminently radiate in the adult stage, in the young have bilateral
symmetry; and a few species never get beyond the form of the young. The exterior is
more or less calcareous, often furnished with spines. They have distinct nervous and
The name alludes to the spines
respiratory systems and also a complete digestive system.
and
is
from
echinus, a hedgehog.
over the surface in a prominent part of the species,
The following are the subdivisions: - Having the exterior soft, and through1. Holothurioids (Sea-slugs, Sea-cucumbers).
out extensile or contractile, and the body elongated; mouth at one end surrounded by a
wreath of branched tentacles.

428

HISTORICAL GEOLOGY.

2. Echinoids (Sea-urchins)'. - having a thin and firm hollow shell, covered externally
with spines (Fig. 441) ; form, spheroidal to disk-shape; the mouth below, at. or near the
center, as the Echinus. Fig. 441 represents an Eclunus partly uncovered of its spines,
showing the shell beneath, and 43 another, wholly uncovered. The shell consists of polyg
onal pieces, in 20 vertical series, arranged in 10 pairs, except in species of the Paleozoic.
Five of these 10 pairs are perforated with minute holes, and are called the ambulacrat
series (a in Fig. 441 represents one pair) ; and the other 5, alternating with these, are
The inter-atubulacral areas have the surface covered
called the inter-ambulacral (b).
with tubercles, and the tubercles bear the spines, all which are movable by means of
muscles. The ainbulacral have few smaller tubercles and spines, or none but over each
pore (or rather each pair of pores) the animal extends out a slender fleshy tentacle or
feeler, which has usually a sucker-like termination and is used for clinging or for loco
motion. In Fig. 432, the inter-ambulacral areas are broad and the plates large, but the
ambulacral are narrow and the plates indistinct. The mouth-opening is situated below,
at the center of radiation of the plates. The anal opening in the Regular Echinoids
(Fig. 441) is in the opposite or dorsal area or center of radiation. Around time dorsal area
there are 5 minute genital openings. In the Irregular Echinoids -constituting a large
group -the anal opening is to one side of this dorsal center of radiation, and often on the
ventral or under surface. of the animal. In Fig. 432, for example, the anal opening is
marginal instead of central, while the genital pores are around the dorsal center, as in
the Regular Echinoids. To one side of the dorsal center in the Regular Echinoids, there
432-434.
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ECHINODERMS. - Fig. 432, an Echinue without Its spines, - the Clypeus Hugi of the Oiilytc; 433, the living
Pentacrinus caput-medusa of the West Indies (x ); a, b, c, d, outlines of the stems of different species
of Pentacrini; 434, plates composing the body of the Crinoid, Batoerinus longirostris.
is a small porous prominence on the shell, often called the nwdreporic body, from a degree
of resemblance in structure to coral. In some of the Irregular Echminoids, this niadreporic
body is in the center of dorsal radiation.
The ambulacral areas are sometimes equally perforated throughout their length.
But in other cases only a dorsal portion is conspicuously perforated, as in Fig. 43'2, amid, as
this portion has in this case some resemblance to the petals of a flower, the ambulacra are
then said to be petaloid. A large part, of Echiiioids have a circle of 5 strong, calcareous
jaws in the mouth ; in a portion of the Irreqular Echinoids thieve are no jaws.
3. Asterioids (Star-fishes). - having the exterior stiffened with articulated calcareous
granules or pieces, but still flexible ; form star-shaped or polygonal the viscera extending
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into the arms ; mouth below, at center ; arms or
rays with a groove on the lower side,
along which the locomotive suckers protrude through perforated plates; eyes at the tips of
the arms. Ex., the Star-fish, Fig. 442.
4. Ophiuroids (Serpent-Stars).
Having a disk-like body with a star-shaped mouth
beneath, and long, jointed, flexible arms, which sometimes subdivide
by forking, but never
bear pinna, and have no grooves along the under side, nor
at
the
slender tips. The
eyes
viscera do not extend into the arms; the ovarial
the bases
are
slit-like,
between
openings
of the arms; and there is no anal orifice. The disk part is
with
the
whole of
homologous
an Asterioid.
5. Crinoids (including Comatuilds). -Like
ordinary star-fishes in having flexible
arms or rays ; but the calcareous secretions of the rays and body constitute a series of
closely fitting solid pieces, and the viscera are confined to the body portion. The rays are
435-444.
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RADtATa8. -Figs. 435-444. 1. Polyps: Fig. 435, an Actlnla; 430, a Coral, Dendrophyflin; 4117, a Coral of
the genus Gorgonia. 2. Hydrozoans: 438, a Medusa, genus Tinropsis; 439, Hydra (x 8) ; 440, Syncoryne. 3. Echinoderms . 441, Echlnus, the spines removed from half the surface (x ); 442, Star-fish,
Paiwaster Ningarensis ; 443, Crinoid, Encrinus Ihhllformis; 4-14, Crinoid, of the group of Cystoids, CallocysLites Jewetti.
often very much subdivided, and bear pirn1e, in which the generative organs are situated.
The species are mostly fossil, and are among the earliest in geological history. A few
kinds still live in the ocean mostly below' 20 fathoms, some at great depths. There are 3
tribes of Crinoids : 1. The Brachiates (Encrinites). - Having a radiate structure, and arms proceeding
from the margin of the disk; also generally a stem, consisting of calcareous disks, by
which, when alive, they are attached to the sea-bottom or some support, so that they stand
in the water and spread their rays, like flowers, the mouth being at the center of the
flower. Crinoids are represented in Fig. 443, Fig. 433, and Fig. 30 on page 58. The
second and third are living species from the West Indies, found at depths below 20
fathoms. The rays open out, when alive, and then the animal has its flower-like aspect.
The little pieces that make up the stem, looking like button-molds, are either circular, as
in Fig. 443 a, or 5 sided, as in Figs. 433 a, b, C, d. Under the Crinidea fall the Cornatul
but have jointed cirri proceeding from the
(Antedon, etc.), which are free when adult,
back surface for attachment.
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2. The Blastoids (Pentremites, etc.). - 1-laying a symmetrical ovoidal body, with 5
petal-like ambulacra meeting at the summit, without proper arms, and attached by a stem
like that of the Encrinites.
3. The Gystoids (from the Greek for a bladder), Fig. 444.- Arrangement of the plates
not often regularly radiate. Arms, when present, proceeding from the center of the sum
mit instead of the margin of a disk; in some, only 2 arms; in others, replaced by radiat
ing ambulacral channels, which are sometimes fringed with pinnules.
In ancient Crinoids, the arms are not generally free down to the base, but there is a
union of their lower part, either directly or by means of intermediate plates, into a cup
shaped body or calyx (as in Fig. 443, and also Figs. 995, 900, under the Subcarboniferous
period, page 640).
In Fig. 434, the plates of one of these cups, in the species Batocriiius longirostris
H., are spread out, the bottom plates of the cup being at the center. The plates, it is
seen, are in 5 radiating series, corresponding to the 5 rays or arms of the Criiioid, and
between are intermediate pieces. The 3 plates numbered 1 are called the basal, as the
stem is articulated to the piece composed of them; 3, 3, 3 are the radial; 4, 4, supra
radial; 5, brachial, situated at the base of the arms; 7 are immediate plates, called inter
radial; 8, another intermediate, the inter-supraradial. Sometimes, in other Crinoids,
there is another series of plates, at the junction of the plates 1 and 3, called sub-radial.
Finally, the anal opening of a Crinoid is situated toward one side of the disk, it being
lateral, as in the Echinoid in Fig. 432; and the intermediate group plates numbered 10
are called the anal.
In the Cystoids, the aperture is generally lateral and remote from the top, as in Fig.
444, while the arms often conic out from the very summit. The Cystoids are also peculiar
in what are called pectinated rhombs (see Fig. 444) ; that is, rhombic areas crossed by fine
bars and openings; the use of them is uncertain, - though they are probably connected
with an aquiferous system and respiration.
6.

Coelenterates.

The Ccelenterates are distinguished from Echinoderms by the existence of only one
opening to the digestive system, the mouth. Moreover, the tentacles and other parts are
never normally a multiple of 5, but either of 4 or 6; of 4 in Hydrozoans and 4 or 6
in Polyps.
1. Hydrozoans (Acalephs, Medu&e, Jelly-fishes, Hydroids).-Having the body, in the
adult stage, usually nearly transparent or translucent, looking jelly-like; and internally a
stomach-cavity, with radiating branches. Ex., the
445.
Medusa, or Jelly-fish (Fig. 438), which generally
b
floats free, when in the adult stage, with the mouth
downward. The hydra and allied species are
here included.
Most marine Hydroids at times
sexual
buds,
which, in many species, break
produce
away and become free jelly-fishes.
Many of the Hydroids make corals, and hence
are common as fossils. Fig. 430 represents a Hydra
enlarged, with a young one budded out from its
side. Some species of the group - those of the
Se.reularia tribe -form delicate chitinous corals,
such as are represented in Fig. 445, in which each
HYDROZOAHB. FIgS. a, a', Sertularla able- notch on the little branchlets corresponds to the
b, b', S. ro8acea.
cup-shaped cell from which an animal protrudes
its flower-shaped head.
(a is the &rtularia
abietna; b, S. rosacea; and a', b', portions of branches enlarged.) The interior cavities
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of each animal communicate freely with the tube in the stem; and in this they differ from
Bryozoans, whose groups have no tubular axis. The ancient Graptohtcs (sonic of which
are represented on page 510) are supposed to have been of this nature. Others secrete
calcareous corals of large size, and are called Mitlepores (because the minute cells from
which the animals protrude are like pinpunct.ures in size, and very numerous over the
surface of the coral). The Millepores are common in the Vest Indies and other coral seas.
The minute animals of a Miflepore have nearly the form represented in Fig. 440, which
represents a species of another genus, called Syncoryne.
There are hence stony corals made by Polyps, by Hydrozoans, and by Bryozoans; and
others that are made by sea-plants, as explained beyond.
2. Actinozoans, Anthozoans, or Polyps. - Fleshy animals, like a flower in form,
having above (Figs. 435, 430) a disk, with a mouth at center, and a margin of tentacles;
internally, a radiated arrangement of fleshy muscular plates; and living for the most, part
attached by the base to some support. Ex., the iletinia, or Sea-Anemone, and the ani
mals of ordinary corals.
There are two groups of coral-making Polyps: 1. Ac'risoins (Zoantharia) (Figs. 435, 436), which make the ordinary corals. The
rays or tentacles of the Polyps are naked, that is, without a fringe of papill. In the
Madreporuria, the number of tentacles is a multiple of 6; in the yaI!wplqjlloids or Tetra
corafla, a multiple of 4.
The coral is secreted within the Polyps, and not outside as in the case of shells. It is
usually covered with radiate cells, each of which corresponds to a separate Polyp in the
group. The calcareous rays or sepia are made in the spaces between the fleshy partitions
in the interior of the Polyp. The material is calcium carbonate (limestone) ; and it. is
taken by the Polyp from the water in which it lives, or from the food it eats.
2. ALcyoNoins (Ilcyouaria) (Fig. 437), or those of tlieGorgoniaand Alcyonium corals.
The rays of the Polyps are 8 in number, and fringed. Fig. 437 represents. a part of a branch
of a Gorgonia (Sea-Fan), with one of the l''Iyp expauuktl. The branch consists of a
horn-like axis and a fragile crust. The crust is partly ealcare*ins, and consists of the com
mon tissue (cnenchyma) by which the Polyps are united together; the axis is secreted
by the inner surface of the crust. The precious coral used in jewelry comes from the
shores of Sicily and some other parts of the Mediterranean, and belongs to this Alcyonoid
division. It is related to the Gorgonias, but the axis is red and stony (calcareous) instead
of being horny ; and this stony axis is the coral so highly esteemed. A few species make
calcareous corals much like those of the Actinoids without any separate crust.
7. Spongiozoans.
I. The Sponges (l'orifera) are mostly complex groups of animals, having internal
iiieiubranes composed of ciliated cells resembling the collared Flagellate Protozoans. Some
secrete, excepting in one tribe,-the
simple sponges are of one Zoöid only. The groups
framework (1) of horny fibers, or (2) of horny
gelatinous Sponges, or Halisarcoids,-a
of
siliceous spicules or fibers; or (4) of
or
fibers set with siliceous spicules;
(3)
the first are the Corneous sponges of comcalcar-eous
spicules or fibers. Of these 4 kinds,
more brittle kind; the third, the
merce; the second, the Corneo.siliceoflSi a harsh and
Siliceous; the fourth, the calcareous or calcispongi(C.
and siliceous sponge-spicules
Some of the forms of the spidules of the corneo-siliceous
were
found by Hinde in powder
1l
these
spicules
are shown in Figs. 440-460, by Ilinde.
All
are much enlarged.
from Norfolk, England.
filling a single small cavity in flint
the
framework
made up of spicules
The Ilexactinellid Sponges are siliceous and have
at the crossing; they are mostly
with rays crossing at. right angles making it 6-rayed
forms accompany the more
But.
simple
from great depths; Tetractinellids are 4-rayed.
ocean
and
are very various in shape.
the
in
complex. The Sponges occur at all depths
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The hexactinellid sponge Euplectefla (Venus's Flower-Basket),
looks as if made of a network of spun glass, comes from a depth
Indies. The fossil Dkeyopl.yton and Eup/iantania are related
by Whitfield. Sponges are mostly marine; but a few, like the
water and contribute siliceous spicules to peat and other swamp
decay of Sponges adds largely to the silica of the sea-bottom.

Fig. 20, page 57, which
of 50 fathoms in the East
to Euplectella, as shown
Spongi1l, grow in fresh
deposits. The death and

446-460.
446

SPoNox.sPlcul.as. -Figs. 446-449, Geodla or allied 450, OloboelelInte spicule, near Geodla ; 451, Siel.
lens; 452, Carcerella; 453, 454, Teirnctinollid spicuies: 455, Ventricultte., Hoxactinellld; 456, Ragadinia
annulata; 457, Tlsiphonia; 468, the same?; 459, Racodiacula; 460, Piluthosella equamosa. Figs. 450, 463,
454 (xlO); 456 (x68); others (x34).Made.
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8.

Protozoana.

Among Protozoans only the Rhizopods and Radiolarians have prominent importance.
1. Rbizopods (Foram(nifers). - Species mostly minute, often forming shells; the
shells, with few exceptions, not larger than the head of a pin: but the groups sometimes
having the shape of disks an inch in diameter, and occasionally of large massive forms.
They have usually calcareous shells called Foraminfers (from foramen), and these have
contributed largely to the formation of limestone strata. They consist of I or more cells;
and the compound kinds present various shapes, as illustrated in Figs. 401-474. The
arrangement in a group is usually alternate or spiral. Others make a shell or test by the
agglutination of grains of sand or other material.
461

461-474.

-

44S

46,1

UP

E

1

V.
k!t

4-11

4112 -

-

V ell

Fig.. 46l-474-Rutzopon, much enlarged (exceptIng 473. 474). PIg. 461, Orbullnn universa ; 462. O10.
bigerina rubra; 463, T.ztuiarIa globulosa Rhr. 444, RolalIn ilobuloszi : 401 (1. Side-view of Rotalla
Boucana ; 46!, OrsrIImomto,IIum pbyllodes Ehr. 460. a, Frondicularia i.tin,iinris 467. TrIloi'ulina Jose.
phina 465, Nodosarin uigr.ris 469, Litnoln nn.itiloide* 470, (i. Il,ibeIlIi,.. i .icoia 471, ('i.uy.alldlua
gr.data: 472. a, Cune'iinn pnvol,Is,: 47.1, Num,uitilitcs nummularius ; 474 a, 1', Fusulion eyllndrlca. All
but the last two mgnItI.'.I 10 to 21) limes.
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Fig. 461 is a l-celled species; the others are compound, and contain a number of
exceedingly minute cells. A few are comparatively large species, and have the shape of
a disk or coin, as Fig. 473, a Xummulige, natural size; the
figure shows the interior cells
of one half : these cells form a coil about the center. Orhito ides is the name of another
genus of coin-like species. Fig. 474 a is a species of
Pusu-475.
lina, a kind nearly as large as a grain of wheat, related
to
the Nummulites; 474 b is a transverse view of the same.
This is one of the ancient forms of Rhizopods, occurring in
tli rocks of the Coal formation. Rhizopods of the genus
Globigerina and other forms have been already mentioned
(page 144) as the chief constituents of the calcareous ooze
or mud making much of the sea-bottom. Fig. 475 repre
sents an aggregation of Globigerinie with Diatoms) found \_-.
at a depth of 880 feet, off Alligator Reef, near the south
.
coast of Florida, as figured by A. Agassiz.
Each Rhizopod cell is occupied by a separate animal or
)
zoöid, though organically connected with the others of the
.....iiu,",
with
I
)i;,t'iIfls,
from
l,h
same group or shell. The animal is of the simplest kind,
a deposit off Alligator Reef
having no mouth or stomach, and no members except sleit(x 15). A. Aga8iz.
cler processes of its own substance, which it extrudes through
pores in the shell, if it have any. The name lilt izopo(ls comes from the Greek for root
like feet, -ill allusion to the root-like processes they throw out. Some of the species not
secreting shells (as in the genus Anzba) have been seen to extemporize a mouth and
stomach. When a particle of food touches the surface, the part begins to be depressed,
and finally the sides of the depression close over the particle, and thus mouth and stom
ach are made when needed; after digestion is complete, the refuse portion is allowed
to escape.
470.
477.
478.
The shells of some Rhizopods do not con
sist of distinct cells: the aggregate living mass
AIN
secretes carbonate of lime, without retaining
is
the
the distinction of the zooids. This
case.
coo
as Carpenter has observed, in the NummuliteC CC' O
like genus Orb itolites. Some species make
000 C (
small
masses
instead
of
0CC
C
large coral-like
cod
shells.
cco
2. Radiolarians (Policystines). - Se
Lychnocanium lucerna (x 100) ;477, Eucyrcrete siliceous shells which are symmetrically 476,
tidlum Mongoifierl (x 100) ; 478, Hnllcalyptra
radiate or circular. Three species, from the
fibriata (x 75).
Barbados, are represented in Figs. 476 to
478. Fig. 476, Lychnocanium lucerna Ehr. ; Fig. 477, Eucyrtidium Mongolfieri Ehr.
two magnified
479.
Fig. 478, Ilalicalypira "timbriata Ehr., the first
concave
From
these
75.
deeply
100 diameters, the last about
b
forms, there are gradations in one direction to disks with conand
pointed
cave centers, and to flat disks, both with plain
and
conical,
direction
to
the
other
elongate,
borders, and in
1
of a flattened
spindle-shaped forms. Others have the shape
cross; another is an open diamond, with narrow diagonals and
not a spiral,
periphery. The disks have a concentric, and
-structure, and thus are unlike those of Nuiumltlites.
The annexed figure represents a minute spherical species
of Radiolarian-a jelly-like globule bristled with spiculesand East Indian seas (Spluerozourn
which sometimes beclouds the water in the Pacific
.orientale I).).
DANA'S MANUAL-28

434

HISTORICAL GEOLOGY.
VEGETABLE KINGDOM.

A cell with its contents is the fundamental element of a plant, and the simplest and
lowest plants are the microscopic unicellular kinds; that is, those made of a single cell, or
a few in a series, as the lower ALGA' and lowest FUNGI. From these, the grade in species
rises through larger Alge, and other kinds consisting of cellular tissue, as the FUNGI,
HEPATIC, and MossEs, to those which contain also vascular tissue, but subordinately to
the cellular-as the FERNS, EQUISETA, LYcoroDs. The kinds thus far mentioned are
Crypto yams, or the Flowerless plants.
The remaining plants, or those producing true flowers and seeds, are called P/uuno
yams. They consist of cellular tissue and woody fibers; and also, of vascular tissue in
the larger part of the species.
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PHiENOGAMS.
Phnogams are divided into two sections, on the basis of the structure of the embryo
or seed, and the growth. In the Exoqens, the embryo consists of two or more parts called
cotyledons. Further, as the name Exo yen implies (it signifying growth by the outside), there is, after the first year, with rare exceptions, an annual addition of a layer of
woody tissue between the wood and bark. In a section of an exogenous stem more than
a year old, the wood has, consequently, rings of growth.
In the Endogens, the seeds consist of a single cotyledon. Besides, there are 1)0 rings
of growth, and no separable bark; growth goes forward mainly by the pushing out of
buds at the extremity of the stem or of its branches. The structure of the wood is said
to be endogenous.
1. Exogens.
Exogenous species are of two divisions called Gymnospernis and Angiosperms.
480.
1. Gymnosperms.-In this inferior
division of the Exogens, the seeds are
naked and there is no stigma. The
fruit often consists of a cone made
of scales with the seeds beneath
the scales. They are called Gymno
sperms (from the Greek for naked seed)
in allusion to the naked or uncovered
state of the seed. The inferiority to
other Plurnoganis is manifested not
only in the simple character of the
flower, but. also in the wood, which
contains no vascular tissue, and this
inferiority accords with the fact that
they preceded geologically other Ph e
nogams. The inferior division, that of
Gcads, is now few in species, but for
merly included a large part of the com
mon forest trees. The Cycads (with
the related Zanihe) are peculiar in
combining the structure and fructi fi
cation of the Gymnosperm with the
-:
habit of a Palm, and the method of
unooiling the leaves as they are devel
oped which belongs to Ferns, 'Flie
Cyczis cIi'cinaII,
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wood of the modern tree has a very large pith
abounding in starch, surrounded by one or
more rings of wood, each the result of several
years' growth.
The ordinary "Evergreen" trees, as the Pine,
Spruce, Arbor Vitte, Yew, belong to
the second and higher subdivision, the Conifers, so-called because the flowers and fruit
ordinarily have the form of cones. In the
483.
Fine family the fruit is a cone; but not so in
the Yews. The Salisbnria, or Ginkgo, a tree
17
with short and broad, somewhat fanlike leaves,
I!
is generally referred to the Yew family, though
having some relations to the Cycads.
The woody fiber of the Conifers is marked
/1
with circular disks as in Figs. 481, 4912; fossil
woods of the order may thus be distinguished,
and genera may often be
482.
481.
7
distinguished by their ar'-- r-vi
ranoement.
10
8,
Another
aberrant
the
Gnetacece, in
group,
"
cludes the genera, Gnetum,
\, fl'
and the last, of which only
one species exists, and that
IONK
0,0
in Africa, approaches the
in its flower,
Circular disks on the Angiosperms,
'' the stamiiial flower con- Fig. 483, Weiwitsehin mirabilis, showing tineswoody fibers of
verse section of fruit, with the outline of the
Conifers.
taming a rudimentary
fruit finished in dotted lines.
ovule." But it has the
broad strap-like leaves of the ancient Cordaites, and also, as the Fig. 483 shows, the
winged form of fruit characteristic of the Carboniferous Cardiocarpus.
2. Angiosperms. - The higher Exogens, or the Angiosperms, have the seeds covered;
the flowers perfect, the wood consisting largely of vascular tissue as well as woody fibers.
Examples are the Maple, Elm, Apple, Chestnut, Rose.
2.

Endogens.

The Endogens are represented by the Palm, Rattan, Smilax, Grasses, Orchids. A
section of a woody stem, as that of a Rattan (a species of Calamus) or Smilax, shows the
ends of woody fibers and ducts. The leaves are parallel-veined instead of net-veined,
and not toothed, and the parts of the flower are commonly in threes.
CRYPTOGAMS, OR FLOWEEtLESS PLANTS.
1.

The Higher Cryptogams, or Acrogens.

The Acrogens consist of cellular tissue with more or less of fibro-vascular tissue, and
are capable of upward growth, whence the name from &,cpov, fop, and ¬vvdw, grow.
The lowest species have special interest in the geological history of plants. They are
called BhIZOCarpS (root-fruited) from the position of the fruit at the base of the stem, or
at the root. The figures represent, half the natural size, species of three of the very few
forms now existing. They show the position of the nuts, and the unlikeness of the species
in habit to most Cryptogams. Fig. 48, of Saivinia natans, represents a section of the
in the floating plant.
plant showing only one of the pairs of leaves
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The other principal divisions of the Acrogens are the following: (1) EquiseW, or Horse-tails. -The existing species have hollow-jointed, slender stems;
the leaves arranged in whorls at the nodes; and the cone-like fructification at the ends of
the stems. Ancient species grew with stout trunks to a height of 30 feet or more.
(2) Lycopods, or Ground-Fines. -The Lycopods have many leaves, with the habit of
485.
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484.

RmzocAius. -Fig. 484, Pilularia giobulifera, with fruotification; 485, Maralten quad rifolla, with an enlarged
view of the nut; 486, Salvinia natans, part of plant. All half the natural size, Luerasen.
a Spruce or Pine; they are small plants now, but in the Coal era grew up as trees, 30 to
90 feet in height.
(3) Ferns. - Modern Ferns sometimes make trees 20 to 30 feet high.
2.

The Lower Cryptogams.

The Lower Cryptogams consist of
are: -

cellular tissue alone.

The principal groups

1. Mosses. -Green, terrestrial plants having delicate leaves along the slender stems;
limited to a few inches in the height of the living part of sterns. Closely related to the
Mosses are the Hepatica, or Liverworts.
2. Lichens. -Dry plants, of gray, brown, and black colors, making fronds without
leaves, which spread over the surfaces of rocks, the outer bark of trees, etc.
3. Fungi. - Succulent plants, gray to brown in color, and never green ; without
foliage ; grading down to Molds, which consist of strings and groups of cellules, and to
Bacteria and other microscopic, free-swimming, unicellular kinds.

4. A1g, or Seaweeds. -The water-plants are green to brown in color, and contain
more or less chlorophyl.
They graduate downward from ordinary seaweeds to micro
unicellular
scopic, free-swimming,
kinds. Of like grade with the unicellular Species are
other kinds having the form of threads or groups of threads, each thread consisting of a
series of cells. The lowest groups include the species of I'rotncoccus, of which P. ,iivalis
is red and gives the red color to the snoW oi, ice in soint' Alpine regions. 'l'he Diatoms
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having siliceous shells are others. A few species are
in Figs. 487-493.
Another group is that of Desmids, which consist of one or represented cells,
and secrete
a few greenish
little or no silica. They are related to the common
Conferva (frog-spittle) of fresh-water
pools. Other calcareous kinds take delicate branching forms, as the Corallines; or more
stony forms, like those of Corals, but destitute of surface cells, as the LYuUipores; or
sponge-like or concretion-like forms, as the calcarcou.' Alga of the Yellowstone Park. Some
487.
related to the last-mentioned occurring in warm
'llhI(ii
watei-a secrete silica. There are also the mil lute
CoceOliths over the ocean's bottom in Ieep or
shallow waters; they are so named from the
Greek for seed and stone.
i(Th
IIt.
488-493. 498
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li,
487-493,
DIATOMS
487,
A
of
fossil
Diatorna;
488, Pinnulnrin peregrina,
Figs.
highly magnified;
group
Richmond, Va.: 489, Pleurosigma anguintum, id.; 490, AcUuoptyhu8 senarius, id.; 491, Melosira sulcntii, id.; a, transverse section of the same; 492, Grauninatophora marina, from the salt water at Stoning.
ton, Conn.; 493, Bacillaila paradoa, West Point.
The common leathery seaweeds of the seacoast, or the Fucus division, include the
Sargassuin of the Atlantic, the air-cavities in which enable it to float.
CEPIIALIZATION,

A

GENERAL

PRINCIPLE

BEARING

ON

SYSTEM

AND GRADE IN THE ANIMAL KINGDOM.

Since an animal has, typically, an anterior nervous mass or ganglion determining the
position of the head, and antero-posterior conditions in growth, a greater or less
subordi-nation
to the head in the arrangement of its organs should naturally he looked for. Degree
of structural subordination to the head and of concentration headward in body-structure,
is referred to under the term Cephalization.
The principle is illustrated in the class of Crustaceans, with special clearness and
large distinctive characters, on account of the fewness of the species and their size.
Sonic preliminary explanations are here first given respecting Worms, and then the
facts from the class of Crustaceans.
1. Worms. - An example of a low decephalized condition among Articulates exists
in the Tape-wirin, i'wniasvlium, one of the lowest, of the so-called Worms. It grows and
until their number is sometimes
elongates by the multiplication of segments (by budding),
several hundred, the new segments forming successively just behind the lit ad. The head
has its very small nervous ganglion, from which slender nerves pass backward ; S) that in
mouth, and the body no stomach or
growth and nerves it is an individual. But it has no
intestine. Instead of this, each segment is so far complete in its individuality that it takes
its independent nutriment, and has its own reproductive system ; and if separated from
Here
the rest. of the series, it has all that is required for propagating the species by ova.
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decephalization and a multiplicate or nearly limitless segmentation are extreme. There is
no lower extreme, except in that of the compound mass of the sponge or the polyp, where
a head fails entirely.
In the higher typical Worms, the Annelids, the many segments of the body have a
separate nervous ganglion as all enlargement of the nervous cord, or pair of cords, that
passes posteriorly from the cephalic ganglion, giving it a degree of independence. But the
head has its mouth, and the body its intestine and reproductive system, so that the
structure is one in system of growth and reproduction. Yet the number of body-segments
varies greatly, it being not often fixed even for the species of a genus ; and all of the
segments behind the bead participate alike essentially in the work of locomotion. The
body structure in Worms is, therefore, multiplicate, and greatly decentralized, and loco
motion is of the diffuse kind. Moreover, jointed limbs are wanting.
2. Crustaceans. - Crustaceans contrast strongly with the Worms, high or low. (1) The
body consists of a head (which, as in other animals, includes the mouth as well as the
organs of the senses), a thorax furnished with limbs, and an abdomen. (2) The number
of body-segments, in typical species, is lim?ted, instead of being multiplicate, it not
exceeding 20; G of these segments pertain to the abdomen, and 14 to the thorax and
head.
On differences in the arrangement and functions of the parts of the structure,
exemplifying degrees in cephalization, is based the accepted system of classification in
Crustaceans. This system subdivides the typical species into (1) Derapods, or the
10-footed, and (2) Tetradecapods, or the 14-footed; and each of these tribes into two
subordinate groups, Brachynrans and Macrurans for the former, and Isopods and
Amphipods for the latter.

Decapods and Tetradecapods. -In the Decapods (1) the head includes 9
3 anterior bearing the organs of the senses, the eyes, and 2 pairs of
body-segments-the
antexme, and the remaining 0, the jointed mouth organs; and (2) the thorax, comprising
the remaining 5 segments of the cephalothorax, bearing 5 pairs of feet. In the Tet
radecapods, the head corresponds to only 7 body-segments, and has, therefore, but 4 pairs
of mouth organs, while the thorax includes 7 segments and bears 7 pairs of feet. In other
words, the anterior 2 pairs of ert of the Te(radi'rapods are pairs of mouth organs in the
.Decapods. There is thus a transfer forward of legs to the mouth series on rising from
the Tetradecapod tribe to the I)ecapod. It is a case of concentration headward in the
structure, or of higher cephalization. The two tribes also differ in the mean size of
the animals, Decapods having, on an average, 100 times the bulk of Tetradecapods.
We pass now to the two subdivisions of the Decapods and Tetradecal)ods.
Brachyuran and Macruran Decapods. - A Macrurati Decapod, as exemplified in a
Lobster, Prawn, or Shrimp, has (1) an elongate, loosely compacted body, with the
abdomen nearly as long as the cephalothorax, and in some species several times longer
(2) the abdomen is the most powerful organ in locomotion ; (3) the thoracic feet are
feeble in locomotion ; (4) the outer mouth organs are foot-like, free, and long ; (5) the
antenn are sometimes a foot or more long.
The Brachynran, as the common Crab, has, on the contrary, (1) a short body, it
being seldom longer than broad ; (2) the abdomen in males is very small and narrow,
it doing no service in locomotion, but., instead, lying confined in a groove on the under
side of the body, so that the animal is almost comprised within the first 14 of the normal
20 segments of the Crustacean; (3) the thoracic feet, or those of the posterior 5 of
these 14 segments, are the sole organs of locomotion ; besides (4) the mouth organs are
small, and closely stowed away together within, or over, a shallow cavity, which is
covered by the outer pair, as an operculuimi ; and (5) in harmony with the general com
pactness of structure, the antenmime are very small, seldom exceeding an inch in length.
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Between the Macruraiis and the Brachyurans there is the grand distinction that the
former are long extended posteriorly, and urosthenic, as regards locomotion (or strong in
the posterior extremity, that is, the abdomen), while the latter have short bodies, gathered
in closely and compactly behind the cephalic ganglion, and are pudosthenic, thoracic feet
being the only locomotive organs. In rising from the Macruran to the Brachyuran there
is a forward transfer in the general structure and in the locomotive function, and thus a
great rise in degree of cephalization.
Under each of these two types of 1)ecapods a wide range of grade is structurally indi
cated, illustrating degrees in cephalization.
Isopod and Amphipod Tetradecapods. - The Isopods and Amphipods are brachyuran
and macruran Tetradecapocis for the series of Tetradecapods is closely parallel with that
of the Brachynrans and Macrurans among i)eeapods. The Isopods have a compact body,
a short abdomen, which is not used in locomotion, with relatively short antennie, while
the Amphipods have a longer body more loosely put together, usually long antenn, an
elongate abdomen, and the abdomen is the chief organ of locomotion -that by which the
little animal makes its leaps. Here, again, the lower are the urosthenic and decephalized
species, the higher the podosthenic and more cephalized species.
Entomostracans. -Below the Tetradecopods come the Entomostracans. A part of
the Entoinostracans are mnultiplicate species, - the Phyllopods ; and in this character,
both in the Entomnostracans of Decapod and of Tetradecapod relations, they show out
the ancestral worm, and thereby low-grade cephalization. The structure is eminently
primitive and was especially characteristic of early Paleozoic Articulate life.
Besides these there are the simply defective forms among Entomuostracans, representa
tive of different stages in embryonic development. Defective forms of similar character
occur even among the Macrurami Decapods ; for some of the inferior shrimp-like species
have one or two of the posterior segments of the thorax without legs, or even wanting;
and in such species (called Schizopods), the thoracic legs have the form characterizing
a young stage in development. But among the Entomostracans, the defective stage
appears in more extreme forms. The limbs are partly natatory ; the mouth organs are
often either pediforni or natatory, or of more abnormal forms; and the abdomen has
no appendages except ovarian attached to the basal portion and a caudal pair pertaining
to the sixth segment.
The preceding remarks on the bearing of the principle of cephalization on system and
grade in Crustaceans cannot be true for one branch of the Animal Kingdom without hav
ing a wide significance. See, for other examples, Historical Geology, pages 721, 723.
This subject has much interest in connection with the successional lines in the animal
life of the globe which geology has brought to light. But the preceding remarks are not
to be understood as intimating anything with regard to the origin of species. There was
no such reference in the author's first presentation of the views in 1852.1 At that time the
idea of evolution by natural causes had scarcely an advocate ; for Darwin's work did not
as adding to time causes of
appear until 1859. Neither are the facts now to be regarded
them:
derivation. This much, however, may be learned from
1. Whatever the natural causes or methods concerned in evolution, organic conditions
have determined lines, limits, and parallel relations, in accordance with the principle

of cephalization.
2. In the evolution of the animal kingdom a "tendency upward" is a necessary conor brain.
sequence of the presence of a cephalic nervous ganglion
I Report on Crustacea of the Wilkes Expi. Exped. around the World, 1618 pp., 4to, with a
in the American Journal
folio Atlas of 96 plates. In the papers on ceplializatiofl published
a
and subsequently summary in 1876, the principle
of Science, eleven to twelve years later,
the speculative
of cephalization was illustrated by reference to other classes of animals; but
with
the
author's
accord
present judgment.
conclusions added in those papers are not all in

1.

ARCThEAN

TIME.

SYNONYMY. - Primiti vgebirge, Urgebi rge, Lehmann, 1756, Werner. Urformation. Urgneissformation. Azoic Rocks, Murchison and Dc Verneuil, 1845, Russia in the Urals, i.
10. Fundamental Gneiss, Lewisian Gneiss, and later, Laurentian Gneiss, after Logan,
Murchison. MOna Series, De La Beche, Geol. Obs., p. xxxii, 1851, for crystalline rocks of
Anglesea, etc. Azoique, D'Orbigny, Pa!. et Gêol., 1831. Azoic System, J. D. Whitney, Rep.
of Foster and Whitney, Geol. Lake Superior Land District, Part ii., pp. 8-35, 1831, the
system comprising rocks north of Lake Superior, others south of the lake, also others in
the Adirondacks, etc. Laurentian and iluronian, Logan, 1852, 1854. Azoic
(following
Whitney, with Logan's subdivisions), first edition of this Geology, 1863. Archan,
D., Amer. Jour. Sc., viii. 213, 1874, and second edition Geology, 1875. Eozoic, J. W.
Dawson, 1875. Crystallophyllian, Belg. Geologists of the Internat. Congr. Geol., 1885.
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Archan time commences geologically with the earth as a solid
globe, or
one having at least a solid exterior; for only the conditions of such a
globe
are within reach of geological investigation.
By following the lead of ascer
tained law in physics and chemistry, and the suggestions of astronomy, and
also such analogies as are afforded by later geological history, some probable
conclusions may be drawn with reference to earlier time.
But this is not the
place for their discussion, except so far as to state the principal steps of
progress. The following is a general view of the natural subdivisions of
Archtean time.

I. The Astral rnon, as it has been called, or that of the fluid globe having
a heavy vaporous envelope containing the future water of the globe or its
dissociated elements, and other heavy vapors or gases.
II. The Azoic mon.

Without life.
1. The LIT1EIC ERA: commencing with the earth a solid globe, or at least
solid at the surface; the temperature at the beginning above

2500° F.; the atmosphere still containing all the water of the
globe (amounting to 200 atmospheres, according to Mallet, 1880),
all the carbonic acid now in limestone and that corresponding to
the carbon now in carbonaceous substances and organic sub
stances (probably 50 atmospheres), all the oxygen since, shut up
in the rocks by oxidation, as well as that of the atmosphere and
of organic tissues. The time when lateral pressure for crustal dis

turbance and orographic work was begun; when "statical meta
"
- the
morphism or that dependent on heat of a statical source,
earth's mass and the vapors about it,-began.
2. The OcEIc ERA: commencing with the waters condensed into an
ocean over the earth, or in an oceanic depression, with finally some
emerging lands, - the temperature perhaps about 500° F., if the

The first of
atmospheric pressure was still 50 atmospheres.
tides and the beginning of the retardation of the earth's rotation.
Oceanic waves and currents and embryo rivers begin work about
440
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the emerged and
emerging lands; the large excess of carbonic
acid and oxygen in the air and water a source of rock-destruction;
before the close of the era, the formation of limestones and ironcarbonate by chemical methods,
removing carbonic acid from the
air and so commencing its
purification; the accumulation of sedi
ments without immediate
crystallization or metamorphism, and
thereby the beginning of the earth's supererust.
III. The Archozoic Leon. Life in its lowest forms in existence.
1. The ERA OF THE FIRST PLANTS: AigLe, and later of aquatic
Fungi
(Bacteria), commencing with the mean temperature of the ocean
at possibly 1500 F., since plants now live in waters
up to and even
above 1800 F. Limestones formed from vegetable secretions, and
silica deposits from silica secretions; iron-carbonate, and perhaps
iron oxides formed through the aid of the carbonic acid of the
atmosphere and water; large sedimentary accumulations, where
conditions favored, thickening the supererust.
2. The ERA OF THE FIRST ANIMAL LIFE: mean temperature at the
beginning probably about 115'F., and at the end 90° F., or lower;
limestones and silica deposits formed from animal secretions;
deposits of iron-carbonate and iron-oxides continued; large sedi
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mentary accumulations.

The sedimentary or stratified beds of ArchLean time are the oldest and
most obscured parts of the geological record. Sooner or later in the Arch
Leozoic era "dynamical metamorphism" began, or metamorphism dependent
on heat from a dynamical source, that is, heat generated by movements in
the thickening crust, aiding the heat still in the earth's mass, or statical
heat.
Thereby, during a crisis of upturning, the thick accumulations of
sediment became metamorphic or crystalline ; but the statical heat was still
so great that the temperature was easily made that of fusion, and conse

quently the fusing of fusible sedimentary beds took place and outflows
through openings or fissures of granite, syenyte, dioryte, gabbro, and other
like rocks, derived severally from granitic, syenytic, diorytie, and gabbrouitic
or related sediments; but deep-seated igneous effusions may not have been
common, for strains in a thin, rather hot supercrust might extend little
below it, and, moreover, igneous ejections from a deep-seated source and
in the later part of geological
through volcanoes reached their maximum
time.
off in the rocks, there are facts
Although these eras are not marked
in a general way, the system of
enough to prove that they represent,
of years must have elapsed during
progress in ArchLean time. Millions
the cooling from over 2500° F. to 500° F.; a very long era during that
from 500° F. to 150° F.; and another long era during that from 150° F. to
115° F.; and still another during that from 115° F. to 90° F. ArchLean time
was long, immensely long.

442

HISTORICAL GEOLOGY.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

The subdivision of Arcluean time into Azoic and Archozoic, here used, is the same
as that of the edition of 1874, except that Arcbozoic is substituted for Eozojc.
The limit
ing temperature of Archozoic time is doubtful for several reasons, and especially because
of the uncertainty as to the destructive excess of carbonic acid in the air and
waters,
and, therefore, as to the possibility of the existence of life.
There is reason to believe that during the progressing consolidation, and
long after
ward, when the heat was too great for the existence of limestones, the lime now in the
limestones of the globe was, to a large extent, combined with silica,
making silicates and
especially the lime-soda feldspars, labradorite and oligoclase, the soda being that now in
the ocean's waters - minerals that may be made artificially
by fusing together the
ingredients; and, consequently, that rocks of the basalt and dioryte types, which con
tain these feldspars, were among the most common. Pyroxene was
present through the
whole era, but hornblende only in the later part ; for pyroxene is easily made at the
high temperature of fusion, but hornblende only under aqueo-igneous action at the lower
temperature of 8000 to 1000° F. The lime silicates would have used up a large part
of what is now free silica or quartz, and hence the igneous rocks would have been, to a
great extent, without quartz, and, in this respect, like the most of those that come up
from the earth's depth through volcanic eruptions. In fact, most volcanic rocks are por
tions of the Archmean mass constituting the earth's interior. Such
being the prevailing
rocks of the crust, the sedimentary beds would have been largely of like constituents.
On the condition of the primeval globe, see further Ebelmnen, 1855; Bischoff, 1863;
T. S. Hunt, 1867, 1880. On subdivisions of Archau time, D., 1892.

NORTH AMERICA.
DISTRIBUTION OF ARCHLAN AREAS.
Archan areas, or those whose surface rocks are of Archan age, and
which indicate, therefore, the probable position of the dry land at the close
of Archan time, have their widest distribution in the more northern por
tions of the continents of North America, South America, and Europe.
In North America they cover a very large area, situated mostly north of
the Great Lakes and

the St. Lawrence River, which is approximately
The
V-shaped in its southern part, as shown in the accompanying map.
white areas on the map represent time probably emerged land over the great
Archan continental sea. The great northern area has been estimated to
contain more than 2,000,000 square miles.
From the region of the Great
Lakes a broad arm stretches northeastward to Labrador and beyond, and
another, 200() miles long, northwestward to the Arctic shores.
Hudson
800
miles from north to south and (iOU in greatest breadth lies between
Bay,
the arms of the V.
of this early dry land of North
The eastern arm
America has a course nearly parallel to time existing eastern coast-line of

the continent, and the western as nearly to the mean direction of the
western coast-line. The map is on Mercator's projection. The course of
the Mississippi River and the outlines of lakes are inserted merely to mark
positions. The Areluan area extends south of British America into northern
New York, the Adirondack region being a portion of it, and also south of
Lake Superior into northern Michigan and Wisconsin.
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Besides the inieleal area of tlii'
coiitincnt., there are other areas lying
in ranges or chains that are
approximately parallel to the arms of the
nucle:tl V.
On 1/u' Atlantic border, POr11ie(lsiwa,(i in general irciul. - On the Atlantic
bonier there is the long Appalachian
protaxis (page 24), extending interrupt
edly from Canada south of the St. Lawrence, along the higher laud of Ver404.
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a

Map of North America at the close of Archan time, showing approximately the areas of dry land.
mont; eastern Berkshire in Massachusetts ; Putnam, Orange, and Rockland
counties in New York, and Sussex in New Jersey, making the Highland
Range, which crosscs the Hudson between Fishkifl and l'eekskilt ; consti
tuting some ridges in southeastern Pennsylvania; thence continuing south
" belt, and
westward along the " Piedmont
through Vin.inia and North
Carolina, constituting in the latter state the Black Mountains; thence into
It is marked A on the map.
South Carolina and Georgia.
To the northeastward, over New England to Newfoundland, there are
other parallel ranges, bounding broad valleys or basins, as follows: (1) To the
east of the Connecticut valley, at intervals, from Canada to Connecticut.
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(2) Farther east, from near Chaleur Bay, on the Gulf of St. Lawrence,
through New Brunswick, southwest to the coast of Maine (including the
Mount Desert rocks) and into eastern Massachusetts.
(3) The Acadiaii

Range, along western Newfoundland and central Nova Scotia; then sub
merged off the coast of Maine and Massachusetts; then over southeastern
Massachusetts, and probably along Long Island.
(4) A central Newfound
land range, which may have had a submarine extension along Sable Island
and the shoals about it, east of Nova Scotia.
(5, 6) Two other ranges
farther east.

The Acadian is the longest of these Archaan ranges; it is the chief eastern
belt of the Areha3an on the Atlantic border, and is strictly the Acadian pro
taxis.
Its partial submergence is not in doubt; for besides indications of
this along the sea-bottom south of Nova Scotia, there is proof of subsidence

of several hundred feet in the fords of Maine and the coast; in the Bay
of Fundy, in Massachusetts and Narragansett bays, and in Long Island
Sound. The combination of the Acadian and Appalachian prottxes deter
mined the existence of the great "Middle Bay" of the Atlantic Coast (page
210), and in the region of their junction lies the bay of New York with
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the mouth of the Hudson.
time.

Thus the foundations were laid in Archean

dii the Pacific border, northwestward in general trend. -The chief Archan
ranges on the Pacific border are the following: (1) The Rocky Mountain
protaxis, or the "backbone" of the mountains. It extends northward and
westward nearly to 53° N., in the Peace River region, and is represented be
yond in isolated areas. It bends eastward 250 miles south of 49° N., and then
extends southward and westward through Colorado into New Mexico. The
region of the bend, whence go off eastward and westward several of the large
rivers of the continent, is the locality of the Yellowstone Park. Along the
west side of the WTasateh Range, near Salt Lake, the Archean areas appear
to be parts of a western spur of the protaxis, nearly in a line with the part
of it in British America. To the westward are other nearly parallel Archan

ranges, in the Great Basin; along the Sierra Nevada in California and in the
Sierra Madre of western Mexico; and probably in the Coast and Island
belts of British America. In addition, isolated areas occur east of the Rocky
Mountain chain in the Black Hills of Dakota, the Iron Mountain region of
Missouri, and in central Texas. Thus the oldest land areas marked out
well the outlines of the continent.

There is a landward bend in Pennsylvania of the Appalachian protaxis,
like the landward bend of the Rocky Mountain protaxis, and the two bends
are not much south in latitude of the southern end of the nucleal Arcinean
area of the continent; as if connected in origin with the absence farther
south of outcropping Archan.
Archan rocks are the prevailing rocks of the portions of Greenland free
from its covering of ice, and they make a large part also of Baffin Land, on
the opposite side of Baffin Bay.
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SUBDIVISIONS OF THE ARCUJEAN TERRANES, AND THE ROCKS.
Subdivisions. -Two subdivisions hve general acceptance: I. THE LAURENTIAN. -Logan, Rep. Geol. Canada, for 1852-53; named
from the Laurentide Mountains.
II. Tint HURONIAN ERA. - Huronian of Logan and Murray, Rep. Geol.
Can., for 1853-4-5, in the special report for 1854;
squisse du Géol. du Can.,
1855.
"Huron Cupriferous Formation" of the north shore of Lake Huron,
Rep. Geol. Can., for 1847-8.-Part of Agnotozoic, Irving, 1887, the Keweenaw
group of the Agnotozoic being referred beyond to the Paleozoic. Part of
Algonkian, Walcott, 1889; a name proposed as a substitute for Agnotozoic,
and so accepted by geologists.
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The subdivisions were based, according to Logan, on relations of uncon
formity in bedding between the Huronian and Laurentian terranes. The
Huronian areas recognized were situated along the north shore of Lake
Huron, and at points on the north and east shores of Lake Superior.
Archan rocks vary from massive crystalline kinds, like granite, syenyte,
dioryte, and massive gneisses, to the thinnest of sehists; and include, also,
limestone, quartzyte, and some uncrystalline sandstone and other fragmental
beds, besides large beds of iron ore. The Laurentian division in the vicinity of
the lakes was observed to comprise the more massive kinds; and the Huronian,
With this
the thinner schists, as mica schist, chlorite schist, with quartzyte.
distinction in view, the Huronian was made to include also an area south
of Lake Superior extending from Marquette, Mich., westward, containing

the large beds of iron ore of that region; and this conclusion has since
been sustained by evidence proving their unconforniability to the Archan
terranes beneath. But most other references of areas to the Huronian that
have been made are reasonably questioned, because it is now known, as stated
on page 458, that the distinction based on kinds of rocks is not a safe cri
terion of geological age.
Among metamorphic Paleozoic rocks, massive,
thick-bedded and thin-bedded schists are associated in the same formation;
and so it is, beyond doubt, in the Huronian, and even in the Laurentian. Still,
the thinner schists of the Archan are to a much larger extent Huronian
than Laurentian; and all the uncrystalline Archan strata are Huronian.
The beds of iron ore have so great thickness in some regions, that the
Archan has been called the Iron Age in the earth's history.

The localities of Huronian described by Logan with special detail in the Canadian
to the west of the Mississaga River, north
Geological Report of 1863 are as follows: (1)
in
the
vicinity of White Fish and Sturgeon rivers
of Lake Huron ; (2) to the eastward,
northeast of the last locality; and a few miles from
(3) near Lake Temiscaming, 150 miles
The iron-bearing rocks south of Lake
Michipicoten Island, north of Lake Superior.
are referred to the same period on the
Superior about Marquette and to the westward
the
Report, published in 1803, after
colored map in the octavo Atlas accompanying

inves-tigations
by Murray.
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Murray refers to the Huronian also diorytes, slates, quartzytes, and conglomerates, that
occur in the peninsula of Avalon, southeastern Newfoundland, and describes, from the
upper division, a fossil of uncertain relations which he names Apidclla Terra-novicu1 and
also a worm burrow referred to the genus Areizicolites. The gneisses of the region he
calls Laurentian.
The structure and relations of the Iluronian along the iron-bearing belt from Mar
quette to Penokee in Wisconsin (including the l'enokt"t'4;ogebic range, and the Menominee
iron region) have been studied with care by Irving and Van hlise. Van Ihise and I'unipelly
have recognized a subdivision of the Iluroiiian north and south of the lakes, on the ground
of a stratigraphical break, into Upper and Lower liuronian.
In most. cases, kinds of rock have had chief importance in the subdivision of the
Archrnan. T. S. hunt proposed the division of the Archiiean (commencing below) into
Laurentian, Norian, Arvonian (of Hicks), I luronian, Montalban, Taconian. The Montal
ban includes the White Mountain micaceous gneiss ; and the Taconian, the rocks of the
Taconic series now known to be of l'alvozoic age. C. II. hitchcock in his Report on the
geology of New llauipshire, adopts the subdivisions, beginning below: Laurentian, Mon
talban (or Atlantic, including granites, gneisst's, etc.), Labradorian, and liuronian. A. C.
Lawson, from his Canada studies about the Lake of the Woods, Rainy Lake, and else
where, has divided the terranes above the I.aurentian into the ('outchiching (mica schists
and gneisses) and Keewatin (thinner schist,. with conglomerates and some iron ore), and
to the two united lie has given the name ()ntarian ; the term 1 luronian is not used.
A. Winchell arranges the Marquette iron region below the true hiuroimian in a group called
the Marquettian. The Laurentian (mneissic group underneath is made 88,000 feet thick.
N. 1-I. Winchell refers the original hiuronian beds oil the north shore of Lake Superior
to the Lower Cambrian ; and makes the Arclnean of Minnesota to include three divisions
(I) the Laurentian gneiss and related rocks; (2) the \Termilion schists, partly hornblendic
sebists (equivalent to the Coutchichimig of Lawson) ; (3) the Keewatin schists, which are
iron-bearing. The Animikie beds, consisting of chlorite schist, slates, sandstones, and
small beds of iron ore, having in general small dip, have been referred to the iluronian by
Logan, Irving, and Van Ihise, but to the Cambrian by Selwyn, Winchell, and others ; and
Selwyn has announced time discovery in it of markings which, according to U. Ii'. Matthew,
are tracks much like the tracks of an animal found in the Middle Cambrian of St. John,
New Brunswick. The Mesabi Range with its large beds of iron ore is zimade Cambrian
by Winchell. The Archaan rocks of central Texas are divided by '1'. B. Comstock
(1890) into the Burnetan and Fernandian, corresponding apparently to the Laurent.ian
and Huronian.
The latter section is described as containing large beds of magnetite.
beds
in
which no fossils have been found he calls Eparelnean. M. E. Wads
Overlying
worth has announced (1892) the following subdivisions of the Archia'an in northern
Michigan: (1) Cascade, (2) Republic, (3) Mesumard, (4) hlolyoke, and (C)) Negannee
formations; 2 and 3 corresponding to the Lower Marquette, and 4 and o to the Upper.
Van Rise, in 1893, proposed to restrict the tezmn Laureutian to granite-gnt.isses - a
petrological distinction ; and gave to a supposed second division of the Archa'an, the
term Mareniscan, derived from the name of a township in Michigan.
A bibliography of the American Arclmaan to 1884, with various notes, is contained in
the '' Azoic System,'' by Whitney and V:uiswnrthm. pages 831-5(k of vol. vii. of the Bull.
Mus. Csinp. Z&1., Cambridge, 1886. A full bibliography, coining down (C) 1802, is pub
lished in the Report on time '' A rchiaan and A Igonk Ian,'' by C. H. Van II ise (1892), con
stituting Bulletin No. 86 of the (1. 8. (rot. $urv.y. Time latter work Contains brief
abstracts of the publications noticed, a full exposition of the views entertained, and the
author's own C(1iClUSiO1I5 at length. Time distinguishing cimaraclerist ics of time subdivisions
proposed by hunt, Lawsoim, and others are given in this Report. with much fullness ; and
all investigators of A rchmean terra imes should have a copy of it at hand. The subject is in
all unsettled state, with wide divergemices in opinion amnomig investigators.
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Algonkianformation . -The Algonkian formation (Agnotozoic of Irving) is made by
its describers to include the 1-luronian of Logan, north and south of the lakes, and some of
the so-called Unronian in other regions. Its rocks (I) comprise the thinner schists, semi
crystalline slates, quartzytes, and uncrystalline fragmental and shaly rocks; and (2) they
are of pre-Cambrian age. The supplanting of the older name, Huronian, by the newer
is not sustained by any rules of nomenclature. It has been given a wider range by includ
ing under it the Keweenaw copper-bearing sandstone formation, which lies unconformably
on the Fluronian, and this change of limit was one reason for the change of name.
T. B. Brooks first recognized the "Keweenawian" as a distinct system of rocks
If Archean instead of Paleozoic, it marks a
(1876) ; Irving called it Keweenawan.
Keweenawian period in the long iluronian era. The Keweenaw formation is without
fossils, and hence is of tuicertain age; but its relations appear to be probably Paleozoic,
as explained beyond.
Some of the localities of Algonkian observed by Walcott are the following: (1) the
tilted beds of quartzytes and siliceous slates at the base of the Wasatch series, lying con
formably beneath the Lower Cambrian; and (2) strata beneath the Cambrian in the Eureka
District and elsewhere in Nevada, where there is the same conformability. The beds are
described as very thick and as affording no fossils; but the conformability to the Cambrian
suggests the query whether the beds are not lowest Cambrian. (3) At the base of the walls
in Grand Cañon of the Colorado, lying unconformably beneath Upper Cambrian beds, up
turned beds of sandstone, shale, and limestone, named by G. K. Gilbert, the Tonto group.
The presence of fossils in some of the Tonto beds (including remains of a Stromatoporid,
a Trilobite, and a Hyolithes, and a Discina-like shell) shows that part, at least, of the Tonto
group is not Algonkian, and renders it probable that all is Paleozoic. (4) In central Texas,
Llano County, beneath Upper Cambrian strata and over the Archean, a formation which
is called the Liano group. (5) Part of the Huronian of southeastern Newfoundland,
described by Murray, which Walcott states is unconformable to the overlying Olenellus
beds. (6) Below the Potsdam series in the Adirondacks. These are some of the local
ities of the so-called Algonkian formation.
The facts respecting the Algonkian are reviewed in Van Hise's report of 1892, men
tioned above; also briefly, on some localities, in Walcott's Correlation of the Cambrian,
U. S. Geol. Survey, Bulletin No. 81, 1891.
Kinds of rocks. - The more characteristic kinds of Archan rocks are
coarse granites; thick-bedded gneisse s, especially hornblendic varieties, sye
nytes, tliorytes, and pyroxenie varieties of these rocks; the granite-like rock
of the basalt type, called gabbro; and each of these rocks under gneissic and

thin-schistose varieties. Zircon-syenyte is rather common. There are also
chrysolite rocks and chrysolitic varieties of some of the above kinds; and
with them, serpentine rocks, the serpentine being a result of the alteration
of chrysolite or pyroxene and possibly of some other mineral containing
magnesia.

or magnesian. limestone) is
Crystalline limestone (usually dolomyte
common in some regions; and it often contains large crystals of apatite
mineral, chondrodite (a fluorine
(calcium phosphate) and the pale yellow
to be peculiar to the Archan,
bearing magnesium silicate), supposed
besides many other minerals.
horn
There are also in the Laurentian series, but less abundantly,
schist,
blende schist, mica schist, hydrornica (or sericite) schist, chlorite
and quartzyte.
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massive rocks (whether Laurentian or Huronian) are generally
igneous; but, most probably, for reasons already stated, nietainorphic
The granite and
igneous to a greater extent than deep-seated igneous.
syenyte often contain great masses and long broken strips of schists,
or constitute dike-like intrusions.
Figures 495, 496 of portions of the
The

rooks at Burntside Lake, in northeast Minnesota, are from A. Winchell's
Field Studies in the Arc/uean Rocks of Minnesota. In these examples,
In other figures,
granite and mica schist are the two rocks combined.
syenyte has the place of granite, and the schist is a hornblende schist.
495.

496.

(1
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Mica schist (the lined areas) and granite; at m the
two intimately mixed. Surface, 12 feet square.
A. Wincheli, '87.

Mica schist and granite. Surface, 12 feet square.
A. Winchell, '87.

Often the massive rock contains only isolated blocks; and from this con
dition there are all gradations to those represented in the figures.
The
rock fragments are not widely scattered, like those torn from the walls of a
fissure by ascending lava, but often are still nearly in their original lines.
In eases like those above described, the conclusion seems unavoidable that
the extrusion of the melted rock followed closely on a general fracturing of
the beds that are now schist, and that this could have happened only at
an epoch of metamorphism, during the progress of a great upturning, when
some one or more of the strata in a thick series of formations became fused
by the excessive heat, and was forced up into fissures or spaces opened in

the flexed and fractured unfused strata.
The liquid did not make the
fractures, but these being made, it flowed in and filled all crevices. In
other places, described by Winehell, and especially in the vicinity of
Saganaga Lake, the granites and the associated gneiss contain rounded peb

bles every rod or two, two to six inches in diameter; and at one locality the
11 iii such abundance as to constitute a
pebbles, though not in contact, were
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real conglomerate," giving evidence of "attrition," cc fragmental accumulation," and subsequent metamorphism. The rounded stones were four to five
inches through, and consisted of crystalline augitic and other rocks.
In the recognized Iluronian areas on the north shore of Lake Huron,
and in the Penokee-Marquette belt, south of Lake Superior, extending
from Wisconsin into northern Michigan, the rocks are quartzyte, siliceous
schist, sandstones, conglomerates, micaceous and chloritic slates, chloritic
greeiistone, dioryte; and in Wisconsin there is a cherty limestone at the
base, and carbonaceous as well as graphitic shales above.
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A common feature of Arcluan rocks, or at least of their veins, is the frequent occurrence
of minerals containing rare elements, as niobium, tantalum, lanthanum, thorium, yttrium,
zirconium, cesium, rubidium, and others. The following minerals are common in
Archan rocks, or their veins: nephelite (eheolite), cancrinite, sodalite, spine!, chryso
beryl, danburite, amblygonite, spodumene, petalite, microlite, gadolinite, cryolite, besides
others. But garnet, mica, andalusite, cyanite, staurolite, are less common than in later
crystalline rocks. Chondrodite is usually, if not always, ArchEcan.
In the Kent-Cornwall ridge, west of Kent, Conn., and in the high land east of
Tyringham, Lee, and Pittsfield, Mass., occur chondroditic limestones, like that of Sussex
County, N.J., and at a locality east of South Lee, near the junction of the Archan
rocks with the Cambrian quartzyte, masses of chondrodite occur as large as the fist.
One of the most characteristic features of the Archan is the occurrence
of great beds of valuable iron ore, some of them 100 to 400 feet thick. They
are found of great thickness in Canada, northern and southeastern New
York, northern New Jersey, and the region south through Virginia to
south of Lake Superior; the
Georgia; in the Penokee-Marquette belt,
Missouri Iron Mountain region; also in Utah, Wyoming, Colorado, New

Mexico, and Arizona, and elsewhere.
The ores are usually magnetite, hematite, and titanic iron, of bright,
lustrous kinds; and in one region, in Sussex County, N.J., it is a zinc
mixed with disseminated zinc oxide
manganese iron ore, called franklinite,
497.

408.

499.

Northern Michigan, Whitney.

Essex County, N.Y.
Emmons.

Essex County, N.Y.
Emmone.

and zinc silicate.
siderite.

But, besides these kinds, there is also iron carbonate or

of the ore-beds in
497 to 499 show some of the positions
black beds i being the ore-beds, and the ore
metamorphic schists, the
magnetite or hematite.
are between beds of
In Fig. 497, the ore-beds (of northern Michigan)
DANA'S MANUAL -29
Figs.
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chlorite schist and thoryte, and have jaspery bands. In 497, 499, from
Essex County, N.Y., the associated rock is gneiss, and the ore-bed is
interlaininated with quartz.
At one Essex
County mine, the, ore-bed is 1,50
feet thick; at the Cranberry mine, on the borders of North Carolina and.
Tennessee, 400 feet. Grains of calcium phosphate
(apatite) are often
disseminated through the ore.
Iron carbonate is associated with the oxides south of Lake
Superior. It
occurs only sparingly to the eastward in Michigan, south of Lake
Superior,.
at the Marquette mine, but more
abundantly to the westward in Wisconsin.
The metamorphism of the beds,
correspondingly, is least to the westward.
The carbonate is the ore originally laid down, and the hematite and
magne
tite are results of metamorphic change, in which the carbonic acid was ex
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pelled.

In eastern Canada and along the Archeaii protaxis, southward through New York,
New Jersey, and beyond, the carbonate is wholly absent, the iron ores
being magnetite,
hematite, or titanic iron. Moreover, the thickness of the ore-beds is far greater and the
metamorphism of the region is of higher grade, - thick-bedded, massive, and schistose,
crystalline rocks prevailing. Notwithstanding these differences, the eastern iron-bearing
series may be Huronian, and unconformable to adjoining Laureiitian, but the evidence of
this has not been obtained. The same belts have their thick beds of crystalline limestone,
often chondroditic, and in this respect rocks of the Appalachian protaxis differ from those
of the Lake Superior region. The course of the Appalachian chain was the region in
later time of thick sedimentary deposits, great upturnings, intense metamorphism, while,
cotemporaneously, little change was in progress over the Mississippi Valley ; and it may
be that the same kind of difference distinguished the two regions in Archan time.
STRUCTURE, THICKNESS, AND ORIGIN OF THE ROCKS.
As is implied in the preceding descriptions, part of the rocks are massive,
as granite, syenyte, dioryte, gabbro; and a large part are schistose and dis
The
tinctly stratified; and into the schistose the massive often graduate.
alternations of ore-beds with schists, quartzyte, liniestones, in sections like
those figured above, are evidence of strati
fication,

a
b
a
Interstratifled limestone, St. Lawrence
County, N.Y. Emmon8.

and,

therefore, of
the succes
of
sive formation
the beds, whether now
or
not.
The (ltlai'tzytes are old
crystalline
sandstones; time hmestones deposited beds
of limestone, either of organic or chemical
origin; and the scimists are fragmental beds

in a metamorphic condition. In Fig. 500a. stratuiu of limestone. 1, is overlaid
Such sections could he multiplied
by strata of gneiss, a, a, and steatyte, b.
indefinitely. The following, by Logan, Fig. 01, which is partly ideal, but
not untrue, represents white granular or crystalline limestone, a, many
times folded and interstratified with gneiss and quartz rock, b ; and time
limestone has been traced over the same region (Grenville and the adjacent
country, Canada), in the linear and curving bands of a series of great
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flexures. The facts prove that the beds were laid down
horizontally over
continental
areas,
and
large
that denudation in Archan time, making
sediment, was carried on by the ocean
along its margins or over partly
emerged rocks, and by streams over the land, as it is now. The streams
were short in that time of contracted lands,
yet well supplied with water
501.

under the hot climate. The thickness of the rocks indicates that the
amount of deposition and rock-making was enormous. The waters of the
small streams and of the ocean owed much of their efficiency to the carbonic
acid they contained, this gas being everywhere in excess. Moreover, under
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these conditions, the formation of beds of iron ore along the shallow margins
of the sea and in the shallow waters of the land would have been necessarily
one of the great features of the later part of Archean time; for the decom
posing iron-bearing rocks would have readily yielded their iron to the attack
ing carbonic acid. Moreover, organic deposits of silica may have accompanied
the ore-beds in the basin.
A thickness of 30,000, 50,000, and 80,000 feet has been attributed to the formations
piled up in one series or region. If this means 50,000 feet or more in a single geosynclinal area before an upturning, the estimate is to be doubted, for the difficulties of correct
measurement of flexed rocks are great. In most cases the facts as to the faults and
flexures present cannot be ascertained. A thickness of 50,000 feet of uncrystalline
sediments in a geosyncline, during even the later part of Archan time, militates against
all calculations as to the Arcinean rate of increase downward in the earth's temperature
for if the rate were 10 F. for 10 feet of depth, as Thomson has calculated, the bottom of
such a geosyiicline would have had a temperature of 5000° F. ; or if 10 F. for 25 feet, it
would still have had a temperature sufficient nearly for the fusion of basalt.
ARCR.AN MOUNTAIN-MAKING.
The stratified rocks of the Archan are almost everywhere upturned,
and generally at high angles, the dip usually being between 300 and 900.
horizontal. Moreover, as repre
Only portions of the Huronian are nearly
sented in Fig. 501, they are commonly in flexures, from a few yards to miles
in span. Such flexures, whenever they occur, are evidence that great upturn
in" had taken place of the Appalachian kind. The crystallization of the
rocks, or their metamorphism, was an accompanying result. The rocks of
the earliest Paleozoic often lie over them nearly or quite horizontally, as
illustrated in the accompanying figure (Fig. 502) from Logan, representing
a section from the northern or Canadian side of the Adirondacks. Upon
the flexed Archaan rocks lie (2) the IPotsdam sandstone of the Cambrian,
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and (3, 4a, 4b) overlying Lower Silurian strata.
Such sections of Cambrian
strata over the upturned Aichean are proof that the mountain-making in
the region preceded the Cambrian era. It is probable that the Adirondacks

were made at the close of Arch-,v,-an time.
They were, from the first, great
mountains, for the highest of the summits, Mount Marcy, now stands 5000 feet
above the Cambrian seashore, or the lowest Cambrian beds, and this is the
height remaining after long ages of denudation. For the original height,
8000 feet above the Cambrian tide-level can hardly be too high an estimate.
502.

From the south side of the St. Lawreuee in Canada, between Cascade Point and St. Louis Rapids: 1, gneiss;
2, overlying Potedam sandstone; 3, calciferous sand-rock; 4a, Trenton limestone; 4b, Hudson slates.
Logan.
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The fusion of beds by the heat in the lower and hotter part of the geo
syncline would have made, by the escape of the liquid rock alone, fissures,
veins of igneous rock in the metamorphic region, and also inclosures of the
broken schists of the upper and less heated part of the mass (page 448).
Such igneous eruptions are of the same age as the metamorphism.
How many epochs of upturning occurred in the course of Arehan time
is unknown. In the vicinity of lakes Huron and Superior (and. probably
also farther east) there was one at the close of the Laurentian period.

Over the Archean area of New Jersey, and of Orange and Putnam counties in New
York, there are several long belts of Cambro-Silurian rocks, occupying what were
originally valleys of Archan time, having the northeastward trend of the rocks. They
are fossiliferous in New Jersey, and partly metamorphic in I'utnam County, N.Y., north
of Peekskill. They once spread more widely over the Archan Highlands, and, perhaps,
covered the whole when the Coal-measures were finished, as considered probable by
J. P. Lesley. The upturning the beds have undergone took place in spite of resistance
to fracture or compression in the underlying Archaan rocks.
SUBSEQUENT ALTERATIONS OF ARCHIEAN ROCKS.
Archean rocks have in many 1)htceS undergone changes in their minerals.
They were made at higher temperatures, under greater atmospheric pressures,
and with slower rates of cooling, than ordinarily obtain now at the earth's
surface; and these changed conditions, and especially those due to heat from
orographic movements, have occasioned alterations in some constituents.
Since
Many Archman rocks that are now liornblendic were originally pyroxenic.
circumstances
must
intervened
rocks
have
have
other pyroxene
remained unehanged,some
to commence the alteration; and it may be that it was a heating up of the rocks to 1000' F.,
through fracturings, faultings, and crushings attending earth-movements or mountain
making. Besides the above-mentioned change, chrysolite, pyroxene, hornblende, and
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other minerals have been converted into serpentine; pyro,tene into rensselaerite, a variety
of talc; nephelite into gieseckite; spinel to hydrotalcite. Another change is that of mag
netite to hematite ; for the great beds of hematite sometimes contain octahedral crystals
now consisting of hematite, which, when formed, were octahedrons of magnetite.
In the ore-beds of the Huronian the layers of ore, jasper, or other materials are often
much broken arid displaced. The grains of apatite are sometimes more abundant along
one tide of an ore-bed than the other, or have some reference to the depressions in which
the ore lies (Browne, 1889). The dioryte underlying the ore-bed has been altered in many
places to a soft clayey material, feeling soapy, resembling the fluccan of a vein. The
underlying rock is sometimes that of a dike, but whether consisting of dioryte or diabase,
it is, in general, probably, as Hunt held, a rock of sedimentary origin. As dioryte and
diabase were very abundant rocks, sediments made from them would have then been com
mon. The broken and otherwise displaced condition of the ore-beds, and the rearrange
ments of the ore in any depressions that were made, would have been a consequence,
under the results of wider disturbance, of the important fact that in the change of the
carbonate to hematite or magnetite, there is a reduction in the former of one third in bulk,
and in that of limonite to the same ores, a reduction of one half or more, so that large
spaces would have been opened, favoring large displacements.
The subsequent changes, alluded to above, probably occurred at some later epoch of
regional disturbance, in the course of which movement was produced along the plane of
the ore-bed. Under the action of the heat from friction siliceous and other solutions
would have been formed anew and mineral changes have taken place.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

LIFE OF ARCB)EAN TOM.
Although fossils, according to present knowledge, are absent from Archan
rocks, or are of questionable character, the existence during the later part of
the Archaan of aquatic life in its simplest forms is rendered almost certain
b the fact that the temperature of the waters was favorable to it, and by
the occurrence among the stratified rocks of beds of limestone; by the
abundance in many limestones, and other rocks, of graphite, which constitutes
20 per cent of some layers in Canada; and the presence in the Huronian of
carbonaceous shales or slates containing 40 per cent of carbonaceous mate
rials. The life belonged to that division of Archean time which is desig
nated, on page 441, the Archozoic aeon; and the Huronian rocks represent
the latter part of this eon, if not the whole of it.
- has been made in
PLANTS. - Graphite - crystallized carbon
many
in
as
at
Worcester,
Massachusetts,
coal-beds;
later rocks by the alteration of
where ferns among the coal
in Rhode Island, at St. John in New Brunswick,
the state of graphite, in Ayrshire, Scotland, and
plants have been found in
in Bavaria. Even anthracite has been observed in the Archean rocks of
it is scarcely an exaggeration
Arendal, Norway. Dawson has remarked that
in the form of graphite, in the
to maintain that the quantity of carbon,
areas of the Carbonifer
Archan rocks of Canada is equal to that in similar
therefore, that although graphite
ous system. It is reasonable to conclude,
Archan
was largely of organic
heat, that of the
may also be produced by
rocks. The metamorphism of shales containing
origin, like that of later
if not also animal, tissues,
carbonaceous materials derived from vegetable,
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has converted the carbon into graphite.
The little-altered Huronian beds
of Wisconsin still contain much carbonaceous material, as remarked by
Brooks and Chamberlin. The former stated, in 1876, that "the considerable
amount of carbon distributed through the Huronian indicated much organic
life, and leads to the hope that" those imperfect fucoidal impressions

reported by Julien, in the second volume of the Report on the Geology
of Michigan, may not prove delusive.
The earliest plants were, beyond doubt, Algae, water species, which grow,
like most plants, by taking carbon from carbonic acid; and after these, the
microscopic Fungi related to the Bacteria (Microbes), which take their car
bon for growth chiefly from organic products; for these minute plants are
essential to the process of decay of organic matters and also to the produc
tion of many mineral changes, as already explained.

The chert of the limestone in the Penokee belt of Huronian, and the
jasper associated with the iron ore of the belt, consist partly of opal-silica,
and are probably from silica-secreting Algae (Irving, Van Hise). It is proba
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ble that plants related to those that are now secreting limestone and silica
in the hot waters of Yellowstone Park, below temperatures of 185°, were
already doing geological work in the making of limestones and silica deposits
One species of supposed "seaweed" has been
during the later Arehan.
named Archcophyton Hewberrianun by N. L. Britton. The specimen, from

a New Jersey crystalline limestone, consists of graphite arranged in narrow
parallel stripes, with. a regularity that suggests
503.
organic origin; but the arrangement may well
be an effect of the pressure attending nietamor
phism.
ANIMALS. - With regard to animal life, the
supposed fossil, Eozoon Ganadense of Dawson,
regarded by some as proof of the existence of Rhiz
opocis (Foraminifers), while others believe it to be
of mineral origin. It occurs in coral-like masses
which are sometimes several feet in diameter.

F(Y. 503 represents, natural size, a section of a
The white
specimen from Grenville, Canada.

Eozoou Canadeo8e.DawAon.

hands are the calcareous layers supposed to have
been secreted by a layer of the Rhizopods, while
the dark bands correspond in position to the layer

of Rhizopods, and are made up of mineral material (serpentine generally, sometimes pyroxene, loganite, etc.) that, after the
death of the animals, filled the cells. Dilute muriatic acid removes the lime
stone, and opens the rest to examination.

Localities occur in the third or Grenville stratum of limestone near Grenville, and in
the Petite Nation Seignory ; also in Burgess (where the calcareous part is dolomite), and
at the Grand Calumet, in a limestone whose place in the series is not determined and at
Tudor in Hastings County. Eozuon has also been reported from Arcinuati rocks in Bavaria
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and named E. Bwarieum; also from Saxony, Bohemia, Hungary, and Pargas in Finland.
The specimens of Evzoou were first supposed to be Stroinatopora corals (Logan's Rep.
Geol. Can., 1863, page 49), and afterward announced as Ithizopod in structure by Dawson;
and this conclusion has since been sustained by W. D. Carpenter and others. But Eozoon
specimens have also been examined microscopically by good observers, among them King
and Rownoy, and Möbius, who have not found the supposed foraminiferal characters.
Quite recently, in 1891, the Tudor specimens were examined by J. W. Gregory with this
conclusion.
Doubts are excited also by the close resemblance in structure to specimens that are of
mineral origin; by the unequal thickness of the calcareous layers and the interstices; and
by the fact that serpentine of later formations has afforded similar forms. It is objected
to on the ground that this mineral is often minutely interlaminated with fibrous serpentine
or some oilier mineral, showing that the soft amorphous material, as it solidified, sometimes
contracted and divided into thin laminin, leaving spaces between to receive depositions of
any kind; in the Eozoon the infiltrating material was usually calcareous.
Notwithstanding the imperfection of the evidence, the existence of
lUiizopods and other Protozoans before the close of Archan time is gen
erally believed.
The calcium phosphate (apatite) of the rocks, which is common in some
limestones, is also supposed to be of organic origin, because a constituent of
organic tissues and of some shells. Its abundance also in the iron ores
favors this view, inasmuch as the beds of ore are believed to be marsh pro
ductions.
But the phosphate is distributed in grains through many igneous
and other crystalline rocks, and the evidence may only prove that it was
present in solution in the sea-waters of the era.
Above the grade of Protozoans, the type which is most likely to have
existed in the later Archan is that of Rotifers; for there is good reason for
believing, as stated on page 423, that from this group passed off independent
successional lines of species to Worms, Limuloids, Crustaceans, and terres
trial Arthropods, and probably also to Bryozoans, Brachiopods, and perhaps
other tribes.

ECONOMICAL PRODUCTS.
The chief economical products of the Archean terranes are: (1) Gold,
and other ores; (4) Corun
platinum, diamond; (2) Iron ores; (3) Copper,
dum or emery; (5) Graphite; (6) Architectural materials, especially granite
and marble; (7) Apatite or calcium phosphate for fertilizing purposes; (8)
Mica for the doors of lanterns, stoves,
Feldspar for porcelain-making; (9)
monazite.
etc., and various other uses; (10) Zircon and
The iron ores are among the most valuable. They sometimes contain too
much titanium; and occasionally the proportion of disseminated grains of
mineral may be distinguished by its green
apatite affects their value. This
ish or grayish color and by its being soft enough to be scratched by the point
of a knife-blade. The American corundum (A1203) comes mostly from North
tons was formerly obtained in
Carolina and Georgia. A mass weighing 400
The mineral is ground up and
the rocks of Chester County, Pennsylvania.
but in a purer form.
used for emery, it being the same compound as emery,
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ARCHAN TIME IN OTHER COUNTRIES.

South America has its northern region of Arehe1n rocks between the
equator and the Orinoco, which would probably have a much larger super
ficial area but for the great alluvial and Tertiary area of the Amazon and
other rivers, which bound it for 10 miles on the north and two to three
times this width on the west.
Archan ranges also occur in Brazil, and in
different parts of the chains of the Andes.
In the continent of Europe the great Archaan region is the Scandinavian,
or that covering the most of Sweden, Norway, Lapland, and Finland. The

rocks also occupy a large part of the northern half of Scotland and the Outer
Hebrides; portions of western Ireland, at Donegal and Galway, and of
eastern, in Wicklow; at St. David's, in southwest Wales; in Anglesey, off
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northwest Wales; in western England, in the Malvern Hills; and probably
on the south coast of Devon and Cornwall. They also cover areas in
Saxony, Bavaria, and Bohemia; in Brittany, Vosges, and the Central
Plateau of France.
Crystalline rocks cover, according to Blanford (1879), very large areas
"More than half of Peninsular India is taken up by the eastern
in India.
They extend, with scarcely an exception, from Cape
gneissic series."
Comorin to Colgong on the Ganges, 1400 miles. The mean breadth of
the area is 350 miles. There are also in the peninsula a northwestern
area, the Arvali;

and, to the north of the Vindhyan plateau, the Bundel
khand area. But it is not certain that all are Archean. Besides these, there
are also large areas of semi-metamorphic rocks. The main Himalayan
range has a gneissic or granitic axis, but the limits are not yet laid down;
and in the Zanskar range, its continuation to the northwest, there is a
center of gneiss.
But the precise relations of these and other gneissie
ridges to the later formations has not been ascertained.
The rocks of Scotland, Norway, Sweden, and other Archean regions are
much like those of North America in general constitution, and in the range
of the associated minerals; and in Scandinavia there are great iron ore beds.
The massive gneisses of the Hebrides and northern Scotland were called the
Lewisian group by Murchison (1858), after the island of Lewis in the Outer
Hebrides. Like the massive and the thick-bedded or foliated rocks, which
contain the iron ore beds of Scandinavia, they have been pronounced on
But, for reasons already
petrological grounds to be of igneous origin.
stated, they are in all probability, wherever igneous, metamorphic-igneous,
The foliation of the
or the result of fusion attending metamorphic work.
gneisses and other rocks represents, in general, on this view, true bedding.

The iron ore beds are the best of evidence of metamorphism. The crystal
line rocks east of the " Great glen" in Scotland include thin schists and
the Grampian group by
quartzyte with gneiss, and have been called
H. Hicks, and later the Dalradian group by Geikie; it is supposed to be
younger than the Lewisian.
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The crystalline rocks of St. Davids, in Wales, have been described
by
Dr. Hicks as of three periods: (1) the Dimetian; (2) the Arvonian; and
(3)
the Pebidian. Geikie concluded, after an examination of the
that
region,
the Dimetian rocks are intrusive granite; the Arvonian, "quartz-porphyries"
connected with the granite; and that the Pebidian rocks are tufas and

(habases belonging to the lowest Cambrian. Dr. Hicks's view that the
St. Davids rocks are partly Archean is favored by the presence in the
vicinity of fossiliferous Cambrian. It is now adopted by Geikie.
In the Torridolk district, northwestern Scotland, a thick formation of red
dish and brownish sandstones, wholly uncrystalline in texture, but upturned
to a high angle, lies unconforinably both upon Archan gneisses and under
neath strata of Lower or Olenellus Cambrian. The reported thickness is
4000 to 8000 feet. As they are unfossiliferous, it remains doubtful whether
the 'rorritlon sandstone, or "Torridonian group," should be referred to the
later Archan, or to the earliest Paleozoic.
the Cambrian.

Murchison referred them to
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OBSERVATIONS ON THE ARCHAN.
1. Relations of the North American Archan areas to the continent. - The
position and form of the nucleal Archan of the continent, and of the parallel
ranges on either side, reaching out to the oceans, prove that the continent
was not only outlined, but also marked off as regards its grander features in
Archan time. This is established also by the great thickness of meta
morphic rocks; for rocks of sedimentary or detrital origin are not made
except where there are emerged, or nearly emerged, rocks to be a source of
material; and even a slight submergence makes the amount of decay, and
Further, the existence of the continents,
of detritus produced, small.
on page 380, that
emerged or at shallow depths, is evidence, as explained
the oceanic basin also was defined by the close of the Archan, and had
feet.
nearly its present mean depth of 12,000
The facts thus prove that the scheme of progress, even to minor details,
dates from the beginning. In the very inception of the continent, not only
was its general topography foreshadowed, but its main mountain chains
its great intermediate basins to have been
appear to have been begun, and
was
defined. The evolution of the grand structure lines of the continent
hence early commenced, and the system thus initiated was the system
the American continent, from
to the end. Tracing out the development of
of geological history.
these Archan beginnings, is one of the main purposes

subdivisions
Correlation of Archan subdivisions. -Names of Archan
Archan rocks are studied. The
are multiplying over the world wherever
at the top of the series in the particular
unerystalline terranes are safely put
but, as already remarked, they may be the equiva
region where they occur;
more mountainous region.
lents of crystalline kinds in another
2.
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With the more crystalline terranes correlation is extremely difficult.
This is owing to the absence of fossils; to the uncertain value of the cri
terion based on kinds of rocks; and to the fact that no subdivision admits
of being traced to any great distance, except the kind which depends on
Since this kind of unconformity is a consequence
unconformity in bedding.
of an orographic upturning, and mountain ranges have usually great length,
it will theoretically exist for long distances.
Subdivisions based on other
kinds of unconformity, and on the characters of the rocks, are the most
common, and are necessarily of only local value.
The study of a region
with reference to unconformity in bedding involves a complete investigation
of the positions of the planes of bedding, or foliation, wherever the rocks

are exposed to view.
The beds of iron ore and the graphite-bearing schists of Wisconsin are
proved to belong to the later part of Archeau time - the Huronian; and
this is probably true for the associated Archan beds and schists, whether
massive, gneissic, or thin sehists, and hence beds of iron ore are a great help
in correlation. The beds of limestones may yet be found to give aid in the
same direction.
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The study of the Archan rocks has difficulties, but not so great as are
implied in the term "Basement Complex," sometimes used for the more
crystalline kinds, -an expression that sounds like a wail of despair on the
part of those that use it.
3. Source of the material of later fragmental rocks. - The Archean rocks,
and rocks made from them, are the main source of the material of sub
sequent non-calcareous fragmental rocks. Volcanic eruptions have added
a little to the supply; chemical depositions also a little; and the siliceous
secretions of the lowest orders of plants and animals have contributed silica
to some extent; but all these sources are small compared with those of
Even the limestones have derived much of their
the Archan terranes.

material from. the same source, through the dissolving waters. The areas
were well distributed over the continent for supplying, through the help of
the ocean, mud, sand, and gravel for the deposits that were in progress as
the next era opened-better even than is now apparent, since many once

exposed are now covered, especially along the sea-borders, where the later
And their contributions have continued
rocks have often great thickness.
ever since to be used in rock-making, both directly and through the strata
which had been made from them.
4. The first of living species. - Science has no explanation of the origin of
Life. The living organism, instead of being a product of physical or
chemical forces, controls these forces for its higher forms, functions,
Its introduction was the grandest event in the world's
and purposes.
early history.
It is probable that the first species were of the simplest kinds; that the
animals were devoid of special organs of sense, and of motion, excepting
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short, hair-like processes; and of nutrition, beyond at the best a cavity for
digestion. But the principles inaugurated were those fundamental to all
life. Some of them are as follows: 1.

The

subordination of chemical and physical forces to the control of
conditions.
living
2. Germ-development, by which, from a germ-cell, a structure of various
functions becomes evolved, and is carried to an adult or germ-producing
stage, when new germs are produced for another cycle of development.
3. Death of the adult, a fundamental stage in the cycle, -the institution
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of life involving the introduction of death.
4. In the case of animal life, dependence on living food for growth - a
to Man.
principle that pervades the animal kingdom from its lowest species
5. As a consequence of growth and germ-development in animals, the
initiation of two diverse moral forces, which later became a power in the
world: (a) the affiliating influence, arising out of the relation of parent
to progeny; (b) the antagonistic, self-asserting influence, arising from
the necessity of food. Each element had reinforcements from other appe
tites or conditions in animal life.

II.

PALEOZOIC

TIME.

SUBDIVISIONS.
The higher subdivisions of Paleozoic time are as follows: 1.
I.
II.

CAMBRIAN ERA.

Eopaleozoic Section.

LOWER SILURIAN ERA.
2.

I.

Neopaleozoic Section.

II.

UPPER SILURIAN ERA.
DEVONIAN ERA.

Ill.

CARBONIC ERA.

Paleozoic time

is naturally divided into two sections at the break
between the Lower and Upper Silurian. This boundary line is marked in
the history by an epoch of mountain-making in eastern North America and
western Europe, and by a somewhat abrupt transition in the animal life of
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the seas.

These sections are here named by using prefixes to the term
new.
, dawn, and
paleozoic derived from the Greek
The first of these sections, the Eopaleozoic, was characterized by the fact

of almost universal seas over the continental area, and of universal marine
life, and also by the more specific Paleozoic fact, that marine Invertebrates,
or the species of the inferior division of the Animal Kingdom, were dis

played under nearly all their grander types before the close of this section
of Paleozoic time; and also that the highest division of the Animal King
dom, Vertebrates, was represented by species of the inferior type of Fishes.
The second of the sections, the Neopaleozoic, was characterized by the
gradually increasing extent of dry land over the continental area, and the

covering of the emerged surface with land plants, and finally with great
forests; and also by the multiplication of terrestrial species of animal life
among Invertebrates, and finally among Vertebrates. With the progress of
the era, Cryptogams, plants of the lower division of the Vegetable Kingdom,
reached their culmination in grade, size, and diversity of kinds; and the
superior division of the Vegetable Kingdom, Phnogams, was represented
by species of the inferior type of Gymnosperms.
The Eopaleozoic section was, biologically, following Agassiz's method of
designation, the time of the Reign of the Invertebrates, and prominently of

Trilobites; the Neopaleozoic, in its Upper Silurian and Devonian eras, the
time of the Reign of Fishes) and in the Carbonic era, that of the Reign of
Amphibians.
The first real progress in correlating the Paleozoic rocks of North America and
Europe was made through the labors of the geologists of the survey of the State of New
York, and those of Murchison, Sedgwick, Do Verneuil, and others abroad. But, in this
4 0
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work, American geology owes much to Do Verneuil for his "note" of 04
pages in the
Bulletin of the Société Géologique de France, iv., 1847, 11 011 the Parallelism of the Paleo
zoic Formations of North America with those of
Europe," which is followed by a list of
the species of fossils common to the two continents, and of the rocks in which
they occur,
with critical remarks respecting each species; and to the paper of D.
Sharpe, ,On the
Fossil Mollusks from the Paleozoic Formations of the United States," contained in the
collections of C. Lyell, Q. J. G. Soc., 1848.

AREAS OF GEOLOGICAL PROGRESS.
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Archa3an geography, as has been explained, largely determined the areas
of later geological progress, and the character of continental geography
through all the ages. The prominent points in North American geography,
besides the fundamental one of the Archman nucleus, are the defining of the
two great Archan chains of islands or island ridges, the Appalachian pro
taxis on the east, the Rocky Mountain protaxis on the west (page 24). By
this means a vast Interior Continental Sea was divided off from an Atlantic
border region on the east, and a Pacific border region on the west, the former

(reckoning to the 100-fathom line, or the steep border of the Atlantic depres
sion) averaging 300 miles in width, but becoming three times this in the
latitude of Newfoundland; the latter, 1000 miles in mean width.
Besides this, the shorter Archman ranges of the Atlantic border region
to the north (see the map) divide the surface into a parallel series of broad
channels or troughs, all of which open northward into the St. Lawrence

valley region.
1. The Champlain and St. Lawrence channel: between the northern part
of the protaxis and the Archman lands; on the west stand the Adirondacks,
and on the north the Canada Archan.
2. The Connecticut valley channel, or trough, along the Connecticut
at New Haven Bay, Conn.
valley, and reaching Long Island Sound
3. The Maine-Worcester channel: covering Maine and western New Bruns
wick and extending down to Worcester, Mass.; apparently fading out south
ward. The fiord of the Thames River, from Norwich to New London, Conn.,

lies in its course.
4. The Acadian channel: extending from St. Lawrence Bay and western
Newfoundland over eastern New Brunswick and much of Nova Scotia, with
the Bay of Fundy between, as the remains of this part of the depression;
thence southeastward along and off the coast regions of Maine to Massachu
to Narragansett Bay, on the
setts Bay, and over eastern Massachusetts
Atlantic border.
Newfoundland, and two others
5. The Exploits River channel of central
to the eastward.

becomes strongly pronounced
The importance of these channels, or troughs,
in the course of Paleozoic history.
are less plainly indicated than
Over the Pacific border region the areas
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over the Atlantic, because the western half of the continent is so
generally
covered with Mesozoic and Cenozoic rocks.
Paleozoic rocks are the prevailing kinds exposed to view over the eastern
half of the North American continent, excepting along the borders of the Mex
ican Gulf and of the Atlantic south of New York.
The older formations of
the series, as the map on page 412 illustrates, lie near the Archan area, not
far north or south of the northern boundary of the United States; and the
newer formations outcrop in succession southward, the Carboniferous covering
much of Pennsylvania and other States.

Fig. 504 is an ideal section of the Paleozoic rocks of New York, along a
line running southwestward from the Archan across the state to the coal
504.
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region of Pennsylvania. It shows the relative positions of the successive
strata, -bringing out to view the fact that the areas over the region are only
This is all the section is intended
the outcrops of the successive formations.
to teach; for the uniformity of dip and its amount are very much exagger
ated, and the relative thickness is disregarded. Along the Appalachians the.
older Paleozoic rocks occur in long belts parallel with the axis of the range,
because of the great upturning of the formations that took place at the close
of the Carboniferous, when the mountains were made.
EOPALEOZOIC

SECTION.

CAMBRIAN ERA.
Si. -Cambrian, Sedgwick, Rep. Brit. Assoc., 1835. Cambrian (Murchison's Lower
and Upper Silurian being made higher divisions of the Paleozoic series), Sedgwick,
Lower Silurian being included
Q. J. G. Soc., 1846, page 130. Cambrian (Murchison's
Lower
147.
part of Lower Silurian, Mur
under it), Sedgwick, Q. J. G. Soc., 1862, page
chison, Q. J. G. Soc., 1852, page 173; T)'Orbigny, Géoi., 1851.
Cambrian, Lyell, Elements geol., 2d ed., 1841 ; 5th ed., 1855; Geikie, Text-book (
and Etheridge, Alan. Geol.,
Geol., 1879, 1885; Lapparent, Tr. de Geol., 1883; Seeley
1885; Prestwich, Geol., 1886; E. Kayser, Lehrb. geol. Form., 1891.
Primordial or lower division of the Silurian System, Stage C, Barrande, Syst. Silurierz
de Bohme, 1852. Cambrian or Primordial, a subdivision of the Lower Silurian, this
6th ed., 1887.
Geol., 1874, 1880; C. Vogt, Geol., 2d ed., 1866; Credner, Geol.,
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Potsdam Sandstone, New York Geol. Survey, 1842. Primal Sandstone, H. D. and
W. B. Rogers. Upper Taconic, fossiliferous slates of Georgia, etc., E. Emmons, 1844,
1846 (not in the Taconic System of 1842).
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History of the terms Cambrian and Silurian. -The terms Cambrian and
Silurian recognize the united labors of Murchison and Sedgwick in the first
careful study, in Great Britain, of the older fossiliferous rocks of Paleozoic
time. The two eminent English geologists worked together in some of their
earlier investigations. The memoirs of that period, "Communications on
Arran and the north of Scotland, including Caithness (1828) and the
Moray
Firth, others on Gosau and the eastern Alps (1829-1831) ; and still later, in
1837, a great memoir on the Paleozoic strata of Devonshire and Cornwall,
and another on the coeval rocks of Belgium and north Germany, show the
labors of these intimate friends combined in the happiest way -the broad
generalizations in which the Cambridge professor delighted, well supported
1 1111831,
by the indefatigable industry of his zealous companion."
they were
both at work" without concert" on the borders of Wales, -Murchison chiefly
on the English side and in southern Wales, and Sedgvick beyond the bound
ary in north Wales. Sedgwick had earlier investigated somewhat similar
rocks in the Cuinbrian Mountains.
By 1834, Murehison had laid down his
divisions
of
Ludlow,
Wenlock,
Caradoc, and Llandeilo, and had referred
grand
the first two of them, on the ground of the wide difference in fossils, to the
Upper Silurian, and the latter two to the Lower Silurian. In 1835, the terms

Cambrian and Silurian appear together in a combined paper presented by
the two authors to the first meeting of the British Association. Silurian
had been announced by Murchison nearly two months before in the July
number of the Philosophical Magazine. In 1838, each put forth more fully
his results : Sedgwick, in a paper read before the Geological Society, giving
the distribution and character of the rocks, with but little notice of the char
acteristic fossils ; but Murchison, before the close of the year, in a quarto

volume of 800 pages copiously illustrated with figures of fossils and geologi
Murchison's work and his
cal sections, entitled the "Silurian System."
names of subdivisions came into immediate use in all countries, and were
recognized in all geological treatises.
Gradually it came to light that the Lower Silurian of Murchison com
of the Upper Cambrian; and also that
prised rocks and fossils of the age
the fossils from beds of still lower level differ little in general type from
those of the Lower Silurian. Thus geologists, with Murchison's book in
hand, were led to use the term Lower Silurian for the. fossiliferous Cambrian.
No ftill account of Sedgwick's Cambrian fossils was published before 1852
to 1855, and not even lists of species before 1843.
In 1846 Sedgwick made his first protest against the absorption of the
Cambrian by the Lower Silurian of Murchison; and in 1852 the controversy,
thus begun, ended in his claiming the whole of the Lower Silurian as Upper
1 Professor John Phillips, Nature, Feb. 6, 1873.
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Cambrian, and in Murchison's expressing his satisfaction that
geologists and
in
America
as
well
paleontologists everywhere,
as in Europe, had already
the
use
of
his
his
subdivisions and terms.
adopted, through
publications,
Later, after collections of Cambrian or Primordial fossils had been much
enlarged through new discoveries, the names Cambrian and Lower Silurian
became accepted for successive divisions of the Paleozoic series.

The term Cambrian is derived from the old name of Wales, and Silurian
from the tribe of Silures, which inhabited southeastern Wales and Mon
mouth, England.
For a more detailed history of the terms Cambrian and Silurian, see the Am. Jour.
Sc., mfr. 1890; also Murchison's Life by A. Geikie, 1875.
AMERICAN.
SUBDIVISIONS.
3. POTSDAM period, Reports Yew York Geologists, 1838, 1842.
CAMBRIAN, Walcott.
LATER CAMBRIAN.

UPPER
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2. ACADIAN period, Dawson, Acad. Geol., 1868.
MIDDLE CAMBRIAN, or
Paradoxides zone, Walcott, 1887. Named Acadian from the locality at
St. John, New Brunswick.
1.

GEORGIAN period, 1886; LOWER CAMBRIAN or Olenellus zone, 1887,
C. D. Walcott, Bull. U. S. U. S. Keweenawian, T. B. Brooks, Am. Jour. Sc.,
xi. 206, 1876; Keweenawan, Chamberlin, 1883; Irving, 1887; Keweeman,
A. Winchell, 1886.
ROCKS-KINDS AND DISTRIBUTION.
General Distribution. - The

Cambrian rocks rest upon the upturned
Archan terranes, and usually outcrop along the borders of Archan areas.
In eastern North America they occur, adjoining the Archean nucleus, on
one or both sides of the Appalachian protaxis, from Canada to Alabama, and
occupy parts of some, if not all, of the channels or troughs of Archan con
fines from the Adirondacks to the eastern limits of Newfoundland. They
are in part beach-made and wind-made sandstones, or offshore limestones, or
slates or schists that originally were mud beds; and the layers often bear
ripple-marks, shrinkage cracks, worm-burrows, and, in some places, tracks
of animals.

Similar relations to the Archean exist at various localities of the Lower
Cambrian over the continent, to the far west. They are found about Ar
chan outcrops in Texas and South Dakota, and along the Rocky Mountain
west in
protaxis in British America and the United States, and also farther
Nevada; and occasionally they are reached, over the Pacific slope, by the
cañon cuts of rivers thousands of feet in depth, as in that of the Colorado.
The accompanying sketch of a portion of the "Pictured Rocks" in the
Lake Superior sandstone, near Carp River, Michigan, illustrates the usual
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unconformability between the Cambrian beds and the Archean, exempli
fying the fact that the upturned Archan made the bottom of the Cambrian
seas, over which the great sandflats, or other sand depositions, were made.
The view also shows that the Cambrian beds had been slightly tilted
since their formation.
505.

--
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Unconformability at Carp River, Ohippewa County, Mich. J. D. Whitney.
The fossiliferous beds in eastern Newfoundland of the Lower Cambrian
consist of shales, sandstones, and conglomerates, of shallow water origin,
and are hence evidence that the Cambrian continent stretched eastward as
It probably had the Pacific for its western
far as the existing continent.
the
border; for through
investigations, principally of C. P. Walcott, out
crops have been discovered over the Rocky Mountain border to points within
500 to 400 miles of the Pacific coast; and further investigation is likely to
carry the discoveries as far west as Arehan ridges exist.
In the Lower Cambrian region of South Mountain, southeastern Penn
sylvania, west of the Susquehanna and in the adjoining part of Maryland,
the Cambrian series overlies unconformably, according to the study of the
rocks, and the region, by U. H. Williams and C. D. Walcott, beds and dikes
of various igneous rocks, as basalts and rhyolytes, and also tufaceous accu

mulations of the same origin (1892, 1894).
The Keweenaw Group, probably Lower Cainbrian. - No allusion is made
above to the Keweenaw group, because it was a local formation. It occupies
a belt of country on the south side of Lake Superior, covering. Keweenaw
Point, where it is best displayed, and extending from thence westward. It
is called the copper-bearing sandstone formation from its characteristic
rocks and its noted copper mines. But the feature of greatest geological
DANA'S MANUAL-30
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significance is the igneous origin of a large part of the formation.
Sheets
of basic igneous rocks, partly aiuygdaloids, with others of
felsyte, porphyry,
and granite, are interstratified with the sandstones and
conglomerates, and
the latter are largely made of water-worn detritus of like
igneous origin.
The beds are wholly unmetamorphic to the bottom, and hence there is
nothing in them to prove that the formation is Arelueaii. At the same
time, no fossils have been found to prove it Cambrian. Still, inasmuch
as it overlies unconformably the upturned Huronutu, it must be of sub

sequent origin; and as no Cambrian rocks occur in Wisconsin older than the
Middle Cambrian, it is reasonable to suppose that it may represent the Lower
Cambrian. The absence of fossils may be owring to the region's having been
under fresh water, or to the igneous action. The copper veins of the Kcwee
naw region have been discussed on page 341, under the head of Veins.
It is important to note, however, that the igneous effusions which accom
panied the deposition of beds below the Lower Cambrian in southeastern
Pennsylvania and the adjoining borders of Maryland, are similar, as Williams
remarks, to the rocks of the Keweenaw series not only in kinds, but also in
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the presence of much metallic, copper.
Walcott and Williams conclude that
the eruptions in the two areas were simultaneous and alike pre-Cambrian.
Bearing of the facts connected with the distribution of the Cambrian ou
questions as to the upinruing preceding the era. - From the facts observed
in connection with the distribution of the Cambrian over the Archan of
northern New York and Canada and in Arehean troughs to the eastward, it
appears to follow that the mountain ranges in eastern America that were

made at the close of the Archean, and that stand as the time-boundary
between the Archan and Paleozoic, include the Adirondacks, the Appar
lachian protaxis, and other more eastern ridges; and that these mountains
consist, in part, if not largely, of rocks that were laid down as sediments
during the long Huronian era, though now crystalline or metainorphic and.
in part massive crystalline. The disturbances closing Arehean time do not
appear to have extended their effects alike over the whole surface of the

continent, but to have produced their chief uplifts along the mountain
borders; that is, in those regions in which the most extensive mountain
making occurred in later time. Over the Continental Interior, tile Hurouiln
sediments were thinner, the upturnings at the epoch of disturbance less
prominent, and the metamorphism feebler, where not wholly wanting.

Walcott has classified the areas of geographic distribution of the surface outcrops
of the Cambrian strata as follows (Bull. 81, U. S. (L S., page 358) : A. Atlantic or Eastern Border Province : a, Eastern or Nova Scotia Basin; b, South
eastern Newfoundland, Eastern New Brunswick and Massachusetts Basin ; c, Interior
Deposits of Gasp, Quebec, Maine, New Hampshire, Vermont, Massachusetts.
B. Appalachian or Interior Eastern Border Province.
C. Rocky Mountain or Western Border Province.
D. Interior Continental Province: D', Central Interior, or Upper Mississippi and
Missouri ; D2, Eastern Interior, or Adirondack of New York and Canada ; i), Western
Interior, or Dakota, Wyoming, etc.; D 4, Southwestern Interior, or Arizona and Texas.
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Eastern Border Region. -In southeastern Newfoundland, on Manuel's Brook, occur
shales, with some limestone, overlying a conglomerate, in all 400'; above occur beds with
the Paradoxides fauna, and below it, within 40' of the
conglomerate, species of the
Olenellus fauna; the former occurs also at
Topsail head and on Conception Bay
(Walcott). In the Acadian trough, Lower Cambrian fossils are reported from the north
side of the. Straits of Belle Isle, at L' Anso au Loup, and on the opposite coast at Canada
Bay, Labrador; Middle Cambrian, as gray and black shales, in New Brunswick, near
St. John, with also Upper Cambrian beds; in eastern Massachusetts; the Lower Cambrian
at Nahant, and in Bristol County, near northeastern Rhode Island, and the Middle Cam
brian at Braintree, where a thick conglomerate, much flexed, underlies 500' to 1000' of
slate.
Continental Interior Region (west of the Appalachian 1)rotaXis). -Along the Green
Mountain region in Vermont and Massachusetts, among the rocks of the Taconic series, a
great quartzyte formation, having intercalations of hydroinica and mica schist and occa
sionally ottrelite schist, has been shown by fossils to be in part or wholly Lower Cam
brian. The SiIlery sandstone of Loan, in Canada, is part of the quartzyte formation.
The limestone (white marble), adjoining the quartzyte on the west, has afforded Lower
Cambrian fossils to the eastward and northward of Rutland. The continuation of this
limestone belt, in Massachusetts, called the Stockbridge limestone, is too highly crystalline
for fossils; it may be in part Cambrian. West of the Taconic limestones in central Ver
mont, Lower Cambrian is represented by the red sandrock of the region. In north
eastern Vermont, at Georgia, magnesian limestone, 1000' thick, is overlaid by a great
thickness of shales; at Highgate the same limestone is 1200' thick.
The reddish, mottled " Winooski limestone," of the Georgia Cambrian, is worked for
marble at Swanton.
Wrest of the New England line, Lower Cambrian occurs in Washington County, New
York, near Bald Mountain and elsewhere; in the western part of Rensselaer County, at
Troy, in shales and limestone and at Schoclack Landing; at several places in Dutchess
County, at Stissing Mountain, where Middle Cambrian fossils also occur.
West of Lake Champlain, about the Adirondacks, the Potsdam sandstone, chiefly
Upper Cambrian, has a thickness in St. Lawrence County of 00' to 70' ; in St. Lawrence
valley, of 300' to 000' or more; in Warren and Essex counties, of about 100'. But in
Dresden, Washington County, it occupies a depression at a height of 012' above Lake
Champlain. A lower portion of the sandstone, according to Walcott, is Middle Cam
brian.
In New Jersey, Sussex County, at Ilardistonville, Olenellus occurs in sandstone, and
other Cambrian fossils in the Magnesian limestone near Franklin Furnace, and north of
Franklin Furnace Pond (C. E. Beecher). Foerste has found the Olenellus fauna in the
same region, and also south of Sparta Junction, northeast of Long Pond ; and he has
traced it southwestward into eastern Pennsylvania; lie shows that the quartzyte of the
Lower Cambrian as in Ver
region, instead of being Potsdarn Upper Cambrian, is mostly
mont (1803).
The Lower Cambrian has been traced by Walcott from New Jersey southwestward
across Pennsylvania. In southeastern Pennsylvania, west of the Susquehanna, over
counties, about South Mountain, east
parts of York, Adams, Franklin, and Cumberland
of the river in Lancaster County, and in adjoining parts of Maryland, the Lower Cam
brian includes a great thickness of quartzyte with overlying shales or slates and limestone;
and besides these rocks there are, in South Mountain, large flows of basaltic and rhyolytic
rocks. In Virginia, fossiliferous shales of the Lower and Middle Cambrian occur near
Natural Bridge and Balcony Falls.
the geology of Virginia to
\V. B. Rogers states, in connection with a contribution on
II
the
Potsdam
or Primal Group,
Macfarlane's Geological Railway Guide (1879), that
where complete in Virginia, includes, besides the Potsdam sandstone proper, the ferrife-
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roils shales next above, and the slates, shaly grits, and conglomerates, below, this formation.
It is exposed on the western slope and in the west flanking hills of the Blue Ridge, through
much of its length, often, by inversion, dipping to the southeast, in seeming conformity
beneath the older rocks of the Blue Ridge, but often, also, resting unconforniably upon or
against them," These statements are cited from the Reprint of the Annual Reports of
1835-1841, and Other Papers on the Geology of the Virginias, by the late W. B.
Rogers, 1884.
In Tennessee, the Lower Cambrian comprises the "Chilhowee" sandstones of Safford,
and beneath these, probably, the Ocoee conglomerates and sandstones. West of Cleveland,
in east Tennessee, it includes the lower part of the Kiiox sandstone of Safford (the Rome
sandstone of 1-layes, in Georgia), and the thick formation of limestone and shales below
while the central and upper portions of the Rome sandstone are Middle Cambrian. The
same succession occurs near Knoxville. The Upper Cambrian is probably represented by
the lower 2000' of the Knox dolomyte. The typical New York fauna of the Upper Cam
brian has not been recognized along the Appalachians in Pennsylvania, nor to the south
west. Lower Cambrian fossils have been observed in the lower part of the Rome sandstone
near Rome, Ga., and in the limestones and shales of the Coosa series, in Coosa valley,
Alabama, north and south of Cedar Bluff.
In northwestern Michigan and Wisconsin, south of Lake Superior, the Lake Superior
sandstone, on the borders of the lake, rests uncoiiforinably on the Keweenaw formation,
and is referred to the Cambrian. A broad area of Upper and Middle Cambrian with fossils
skirts the Archan area on the east and south, and consists of crumbling sandstone and
arenaceous shale, with, in some places, much green sand (glauconite), and thin beds of
limestone ; the maximum thickness is 1000'. The quartzyte occurring in isolated hills in
the drift-covered region of Wisconsin in Barron County, and at Baraboo in Sauk County
(the Baraboo quartzyte), is made Huronian by Chamberlin and Irving, but Lower Cam
brian by N. H. Winchell. At St. Croix River, the horizontally bedded Upper Cambrian
rests on upturned red beds, which are Middle or Lower Cambrian, and are continuous with
the pipestone quartzyte of southwestern Minnesota, where Linguke have been found;
in this quartzyte, the pipestone bed (Catlinite), used for making pipe bowls by the Indians,
is a layer of red argillaceous sandstone about a foot thick; the rock passing south into
Iowa is the "Sioux quartzyte" of C. A. White, and extends 10 miles into Dakota to
Sioux Falls.
With regard to the fact of unconfomability with the ArchFean at Carp River, Pro
fessor J. D. Whitney states, in a letter to the author of Nov. 7, 1893, that "nothing could
be clearer" ; that "along the shores of Carp River and throughout the adjacent region, the
sandstone strata are recognized as overlying the well-characterized beds of a much older
formation which I designated as the 'Azoic Series.' At Carp River the nearly horizontal
unaltered sandstone strata abut against and overlie the vertical edges of a well-marked
quartzyte." The Lower Magnesian series of Missouri, excepting the First, or Upper, lime
stone of the series, and the underlying Saccharoidal sandstone, is Cambrian. It consists
of alternating strata of dolomyte and sandstone. This Lower Magnesian series of Missouri
is the Ozark series of Broadhead.
The Keweenaw beds were described by Foster and Whitney in 1850, 1851, and referred
to the age of the Potsdarn or Cambrian. The more recent reports are by Irving (1880, 1883,
1885) and Chamberlin (1883) ; and, with special reference to copper mining, by M. E.
Wadsworth in 1880. The series consists of an upper division, consisting of ordinary sand
stone and shales, free from igneous material, made 15,000' thick by Irving, and a lower
division, 25,000' to 30,000' thick, made up of detrital and igneous rocks, but chiefly the
latter. Chamberlin gives the same aggregate thickness, 45,000'. 'E'he igneous rocks are
doleryte (diabase) with porphyritic and amygdaloidal varieties, gabbros, and also acid
rocks as felsyte, felsyte-porphiyry, and others. (For a full account of the rocks, see Try
ing, Report (L S. G. S., v., 4to, 1883.) As estimates of the thickness of upturned rocks
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are always more or less doubtful, the above figures can he considered at the best as only
ap
proximations. To the great thickness estimated there is the additional source of doubt
referred to on page 451, under the Archican. For if 45,000', the temperature in the
bottom beds would have been 18000 F., supposing the increase of temperature downward
to have been 10 F'. in 25 feet of descent, or only twice as
great as now ; and if '35,000t,
it would have been 1500° F., high enough for the complete metamorphism of the lower
beds in the series. And yet there is no metamorphism.
The Animikie group, of slates, sandstones, quartzyt.e, etc., on the north shore of Lake
Superior, at the east end of Minnesota, about Grand Portage Bay and beyond, has inter
calations of cloleryte (diabase), gabbro, and other rocks, much like those of the ICeweenaw
formation. Supposed tracks or trails of marine animals, mentioned on page 446, are the
only fossils yet found. The Cambrian age of the formation is considered probable by
many geologists. The igneous intrusions are regarded as laceolithic by Lawson, and as
related in time to those of the. Keweenaw formation.
Eastern Rocky Mountain slope.-The Cambrian beds of the Black Hills are red
sandstone and with fossiliferous limestone above, pertaining to the Upper Cambrian.
In central Texas, the beds of the Llano formation of Walcott are con tined to Liano
and Burnet counties; they rest on upturned beds referred to the Algonkian by Walcott
(page 447).
Rocky Mountain region and Pacific slope. -Lower Cambrian beds occur in the Rocky
Mountains of British America, on the Vermilion and Kicking Horse passes. At Cotton
wood Cañon in Utah, the great section of the Wasatch has at bottom 3000' of quartzyte,
and above this 250' of hard shales, affording Lower Cambrian fossils, some of them
identical with eastern species; then succeed Lower Silurian beds, the Upper Cambrian
being absent. Above Ophir City, in Oquirrh Mountain, fossils occur in a limestone over
sandstone, the whole 2300' thick. In Nevada, according to Walcott, in the Eureka dis
trict., a section of conformable high-dipping beds 7700' thick, contains below (1) 151)0'
of quartzyte; (2) 3050' limestone, with Lower Cambrian fossils in the lower 500'; (3) 1600'
shale, and above this 1200' of limestone, 350' of shale affording Upper Cambrian fossils
at bottom. In the Highland Range, 125 miles south of the last, are 1450' of limestone
and shales overlying 350' quartzyte which are Lower Cambrian, and above these, 3000'
of massive limestone which are Upper Cambrian.
Other sections occur east of Pioche ; at Silver Peak; at the south end of the Tim
pahiiite Range. In Arizona, at the Grand Cañon of the Colorado, 3000' to 5000' ''deep,
Red
underneath horizontal Carboniferous and Subcarboniferous beds, the lower the
800'
of
shales
and
suidstones,
the
Tonto
700'
to
of
Powell,
lie
Wall Group"
horizontally
group of Gilbert, made Upper Cambrian; the highly tilted beds beneath are referred by
Walcott to the Algonkian. In S. E. California, Inyo Co., Lower Cambrian (Wale., 1894).
For an extended review of the Cambrian of America see Bull. 81, U. S. G. S. (1892), by
C. I). Walcott, to whom the science is indebted for the discovery of the larger part of the
facts.
LIFE.
The life of the Cambrian, so far as known, was marine.

The plants were

Alg (seaweed).
The animals thus far made out from the fossils are all Invertebrates.
Echinoderms, Worms, Brachio
They include Sponges, Corals, Hydrozoans,
of LamellibraflchS, Pteropods, Gastropods
pods, Mollusks of the divisions
and Cephalopods; and also, among Arthropods, Trilobites and other Crustaof Cephalopods, were represented.
ceans. All these groups, excepting that
in the earliest of the three divisions of the era.

470

HISTORICAL GEOLOGY.

1.

LOWER CAMBRIAN.

1.

Protozoans. -No Rhizopod remains have been detected, unless small
concretion-like nodules, concentric in structure, occurring crowdedlly in a
Cunbrian limestone in Nevada, are of this nature. They may belong to

the genus Girvanella (Walcott). See page 501.
2. Sponges, Corals, Graptolites. - Fig. 506 represents one of the Lower
Cambrian sponges, Leptomitus Zitteili of Walcott, from Georgia, Vt.
Figs. 507, 508 are of corals, though supposed, when described, and until

investigated microscopically by Hinde, to be Sponges.
Fig. 507 represents the
Arc&eocyathus profundus of Billings, and 508, 508 a, views of Spirocyathus
506-SOD.
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506.

507.

608.

509.
508a.

J
SPONGE. -Fig. 506, Leptornltua Zittelli. - CORALS, 507, A rchtcocyathuB profundue; 508, Spirocyathue Atlan
ticus (4) ; 508 a, transverse section. - UuAproLIrE, 500, Climacogrnptue (?) Emmonsi. Figs. 500, 500,
Walcott; 507, 508, Billings.
Atlanticus Billings.
One of the early Graptolites (so called from the Greek
ypaw, write, because plume-like in form) is represented in Fig. 509, doubt
fully placed in the genus Philograptus by Walcott, under the name Climaco
graptus (?) Emnmonsi.
3. Echinoderms. - Only fragments o Cystoids, related to Middle Cam
brian species, have been observed.
4. Worms. - Tracks and borings of sea-worms or Annelids are not un
common. Worm-borings, called &olit/tus (from the Greek for worm), occur
in the Lower Cambrian sandstoiws and through later periods to the present
time: no distinction of species or genera can be made out.
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5.

Brachiopods. -The Articulate Bra(.],in1)ods (or those in which the
valves are Iiiiigetl tugetlLt.r), as wi"II as the
Inarticulate, were represented, but
most abundantly the latter.
Figs. 510-513, 515 represent some of the
species of the latter division, and Figs. 514, 516-520, some of the former.
510-520.
510.
511.
611 a.
512.
512 a.

I

I

'\
'I.

,P
")14.

17.
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5i: a.

520

It).

51$.

fla.rni'p.m. - Fill- 510, J.Ingtik'lli cii.lnto, ventral (2>; SU. 1.. ella, ventral (2); Ml a, same, east of interior
of dorsal valve (2);
.crotreta ZtuiIIna, Idt view (1) 512 a. nmc, tipper view, ventral (3); 51:3, Obo.
lell;i cras:i, dorsal (2): 513a, east of i,ittrlor of ventral (2); 514. liitorgina cingiilata, ventral; 615,
Il)Iiitl&'a bella; 5111% Ortltls (?) l1liliIandensi. of VaIcott, dordal shell mostly worn off (I) ; 517, Orthlsina
(IlIlinsella) festlnnia (1); 518, it. (11.) orleutalls. ventral (1) ; MD. Oriht. Salemenild, ventral; 520, Camar.
ella (?) ahltiqtrntA. ventral, enlarged. Figs. from Walcott 610, 513, after Ford ; 518, after Witlifleld
516, after Billings.
Mollusks. - Figures 521, 522 represent species of Lamellibranchs,
each of very small size (lien. enlarged), and rare fossils ; and Figs. 523-525,
several Gastropods. cap-like in form, like the modern Patella. The P/at!,
(')Th
of \\T;llcott (Fig. 526) has a short spiral at the summit, a
little like a broad horn, and hence the name, trolfl the Greek; the genus con.
tinues to the Carboniferous period, and, according to some authors, is not
P/eu rotoniaria .Attle
generically distinct from the modern genus Gapulus.
borensis is another Gastropod fritlll North Attleborougli, Mass.
Other eminently characteristic Mollusks were the Ptei'opods of the genera
conical, thin shells like Figs. 527,
Hyolithes and JI!/OlithE'lllS. They are long,
528. The large end was closed by a shell-like operculum, one of which, of
the 11. Amerkanus Walcott, is represented in Fig. 528 a. The Salterell,
those of Pteropods. Fig. 529, S.
Figs. 529, 530, are stout shells, probably
(.
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puichella Billings, is common in the red sandroek of Highgate Springs, Vt.,
and the Winooski marble. Fig. 530 is the same.
The very slender species,
521-526.
522.

521.

523.

523 a.

4-1

521 a.
1,25.

524 a.
524.
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}l

1)21) a.

526.

521 1,.

MoI.LuaKs. - Lamellibranchs: Fig. 521, Fordilla Troyensis (enlarged); 521 a, id., cast of interior; 522, Mo
dioloides priscue, very much enlarged. Gastropods: 523, Scenella reticulata; 523 a, profile as seen in side
view showing the height and outline of the conical shell; 524, Scenellu retusa, side view (3) ; 524 a, same,
upper view; 525, Stenotbeca (?) rugosa, view from above (1) ; 525 a, 525 b, same, side views; 526, Platy
cerae primwvum, cast (4). Figures from Walcott; 524, 524 a, after Ford.
Fig. 531, from Troy, is the type of the genus Hyolithelius of Ford.
is the operculum of Hyolithes impar.

Fig. 532

527-532.
527.

529.

528 a.

10--i
527 a.

530.

531.

529 a.

52
529 b.

0
52.

PTEU0P0DS.-Fig. 527, Hyolltbee prlnceps (1); 527 a, outline of cross-section: 528, ii. Amuricanus (2);
528 a, operculum of same; 529, 530, Salterella pulcbella; 529b, cross-section; 531, llyollthellus inicans (1);
532, the operculum of Ilyolithee iupar. Walcott.

i ö
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7. Crustaceans. - Trilobites, the highest species of the Cambrian seas yet
discovered, were of many species and very diverse forms. Figs. 535, 536 rep
resent some of the species of the genus (Jienellus; Fig. 535, 0. Vermontanus
533-539.
534.

535.

530.

539.

537.
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-

-

538 a.

538 1,.

\\.
Y ,j
(1
TRILOBITES. - Fig. 533, Agnostus nobiliB, two middle segments absent (1); 534, Microdicus spcciosu (2)
535, OI&'ntlhis (!eonacI8) Verrnontanu (1); 536, O1ene1lu Thompsoui (1, & max. size) ; 537, Bathy.
notus holopyga, distorted (1); 538, Otenolde Fordi, head-shield without the cheek (2); 538 a, separated
cheek; 538 b, same, pygidium (caudal extremity); 539, Ptychopariu Adanmi. Figs. from Walcott;
533, after Ford.
from Georgia, Vt., are
l\Talcott; Fig.
h 536, 0. Thom.psoni Hall. These species
over six inches long; the latter occurs also in western Newfoundland. The
0ieneliu.' Gilberti Meek (Fig. 540) is a fine species Iroin Nevada and Utah.
Another large species, 0. asajlioides of Emmons, is from near Bald Moiuttaiit
and Troy, Washington County, N.Y. Emmons cited it as characteristic of
the " Upper Taconic." The Bithynotus (Fig. 531), remarkable for the long
another Trilobite of large size, from Georgia., Vt.
spines of its head-shield, is
The genera Aqnostus and .iiicrodiSC11s include small species, differing in the
head and caudal shield, and the
former having two segments between the
latter three.
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The other Crustaceans pertain to two still
existing tribes of Entomostra
cans, the Ostracoids and the Phyllopods.
Figs. 541 and 542 represent
Ostracoids from Wash540.
541-543.
mg ton County, N.Y.
643.
the dot in Fig. 541
shows the position of
the eye.
Fig. 543 is
the Phyllopod, Protoca-

FTa2
._

The shell
7Georgia, Vt.
may owe its flattened
form to pressure.
tracks. Doubtful

'
Olenellue Gilberti Meek.

The sleiiderinipressions
of rounded surface that
have been referred to
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seaweeds (Fucoids) may
be those of Worms or Mollusks.
Another
kind, having a longitudinal impression along

541.

-

549

~%~ (7
CRUSTACEANS. -Fig. 541, Leperditin dermatoides; 542, Arlstozoe rotundata;
543, I'rotocaris Marshi (&). Figs. from
WaicotL

the middle, called Cruziana (D'Orbigny) and
Bilob lies (De Kay), are regarded as the tracks of Annelids, Mollusks, or some
other Invertebrate.
Fine Lower Cambrian examples are figured by Walcott.
2.

MIDDLE CAMBRIAN.

The range of life in the Middle Cambrian is the same nearly as in the
Lower, but the species are mostly different, and in place of the genus Olenel
lus among Trilobites, Paradoxides has special prominence.
1. Sponges, Echinoderms. 545.
544.
Remains of Sponges occur in
Nevada and New Brunswick.
The spicules, Fig. 544, are from
+
J ,Nevada and are referred doubt\\
54:; ,,.
,(
fully to the Protospongia fenestrata of Salter.
Some simple
forms of Graptoiltes have been
U
found in New Brunswick.
Cystoids are the prevailing
A Nevada spedEcliinoderms.
men (Fig. 5-15) has the usual
box-like body (whenee the name
cistoid, from the Greek), with

UflSyiflhiiiteaiiy iLi1LIIg('(L L1"HTh
(mutilated in the specimen), and
the body-plates of irregular forms
Plates of Eocystites were first reported froni New Brunswick.

Spor'on. -Fig. 644, Spicules; Protospongla fenestrata(?) ;
545, Eocystltes (?) longidactylus; 545 a, plates of portion
of body enlarged. Figs, from Walcott.
(Fig. 545 a).
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2. Brachiopods. - The following are enlarged
figures of some of the
forms found in ˆew Biunswick.
546-549.
3.
Mollusks. - Ptero646.
547.
pods are still very common
(Figs. 527-531). Two sup
/
posed Gastropods are from
.
New Brunswick. Fig. 552
,
L
548.
:
'1
tenot1ieca Acurepresents
ilica, originally supposed to
be a Brachiopod of the
549.
1
549 a.
Discina,
but
now
genus
placed among the Gastro
t
pods.
Fig 553 is a greatly
enlarged view of Ha'rttia.
.Matthewi Walcott, referred BRACHIOT.ODS.Fig. 546, Acrothele Matthewi (2): 547, Llnnarssonia transversa (8); 548, LIngulella Dawsoni (1) ; 549, 549 a,
to the Calv1)traa family,
family,
Orthis (Protorthis) Billingal. Figs. 546, 547, 549, from Walcott;
the cap-like shell having a
548, from Hartt.
smaller cap within.
4. Crustaceans. - Some of the Paradoxides are the largest of Trilobites.
P. Ilarlani (Fig. 556), the first known of American species, from Braintree,
near Boston, has a length of 10 inches, and a breadth two-thirds as great, in
some specimens; and the spines at the posterior angle of the cheek-piece of
550-553.
551.
550.

/s --''--

553.

552.

PT

PrInoroDs and GASTROPODS. -Fig. 550, ilyolltbes Acadkus (1) ; 551, H. Danlanus (1) ; 552, Stenotheca
ACadica (2) ; 553, Harttia Matthe'vI (12). Figs. from Walcott.
the head (the piece bounded by a suture passing by the eye) are nearly half
P. Benas long as the animal.
(In Fig. 556 they are shorter than usual.)
netti Salter, from Newfoundland, was 11 inches long and 9- broad; and P.
and 11
Regina Matthew (Fig. 557) from New Brunswick, 15 inches long
free
broad.
Fig. 554 shows the form of an Agnostus. In Fig. 555 the
segments are absent.
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Fig. 562 represents one of the largest of Ostra.coid Crustaceans, -the
Leperditia (?) Argenta Wale., from Argenta, Big Cottonwood Cañon, Utah.
554-561.

556.

558.

557.

.
/

/

555.
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554.

1
559.

rci.

T
I

560.

"
(T

.".:

..

__

TR11oBns.-Fig. 554, Agnostus Interatrictus (4); 555, A. Acadicus, bead and tail shIelds; 556, Paradoxldes
Rarlani () restored; 557, P. Regina (i); 558, Buthyurlscus Howelil, pygidlum (2); 560, Ptychoparia
Kingi (&); 560, Pt. formosa, head (2) ; 561, Pt. Matthewl (2). Fig. 554, 658, 661, from Walcott; 555,
556, Meek; 557, Matthew.
The Caridoid Phyllopods are supposed to be represented by the Ano
malocaris Ganadensis of Whiteaves, a mutilated specimen of which is
shown, natural size, in Fig. 563.
It is from the Middle Cambrian shale at
Mount Stephens, British Columbia.
3.

UPPER CAMBRIAN.

The typical Upper Cambrian rocks are the Potsdam sandstone of the
north and east sides of the Adirondacks and adjoining parts of Canada.
Sandstones of the same age occur in South Dakota, Wyoming, Montana, and
Colorado; shales and sandstones in Newfoundland, Cape Breton, New Bruns
wick, and at some localities along the Appalachian province southwest of
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New York. Sandstones and calcareous beds
represent the Upper Cambrian in
Arizona and Texas and
562.
limestones and shales in
Nevada, Idaho, and
and probably in
Mon-tana,
British Columbia
'
The chief character.
istic of the Fauna, distinguishing it from that
of the preceding epoch,
is the almost total inde
pendence in species, so
far as now known; the
absence of Paradoxides,
and the substitution of

.J:
r
-.

563.
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Trilobites of the genus
Dicellocephalus, of
which 30 species have
been described;
and,

/7

further, the
562, Leperdltla Argeuta Wale.;
multiplicaCRVSTACEANS.-FIg.
tion of Gastropods of
563, Anomalocaria Canadenai8 (1) Whiteavee.
coiled forms.

1. Rhizopods, Sponges, Graptolites, Cystoids. -The green sand of the beds of
Wisconsin is probable evidence of the abundant presence
564.
of Ithizopods, since similar grains from later rocks were
565.
shown by Ehrenberg to have the form of casts of the inRemains of Sponges and of
tenor of Rhizopod. shells.
Cystoids, allied to those of the earlier Cambrian, occur in the
beds.
One of the Graptolites is represented in Fig. 564,

and a branch of the same enlarged in Fig. 565.
DeodroaptuB Hal.
lianus. Prout.
2. Worms.- The Scollthus (8. linearis) from the. Potsclam
sandstone is represented in Fig. 566. The fossil is the filling of the vertical
burrow made by the worm in the sand.
560.

Fig. 566, Scoflthus linearie. Hall.

567.

567, Oruziano simills, supposed track of a worm. Billings.
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The peculiar markings, obliquely furrowed from a medial line named
Cruziana sinil'is, by Billings, have been supposed to be
plants, but are now
as
of
the tracks
worms or some other animal (Fig. 567).
regarded
-The
3. Brachiopods.
following are figures of a few species: 568.

568-573.

569.
cC

571.

573.

572.

670.

BaAonIoPoDs.-Fig. 568, Lingulepls antlqua (1); 569, 570, Lingulelia prima (1); 571, 572, Obolella polita(1).;
573, Trlplesia (Camarella?) prlmordialil3. Fig. 568-570, Hall; 571, 572, Meek; 573, Walcott.
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The Lingulids are so abundant in some
places that they give the beds a
structure.
shaly
4. Pteropods. - Fig. 574 is a I1olithes, from the Big Horn Mountains.
Fig. 575 is a peculiar, rather thiek, conical shell, doubtfully referred by

Wralcott to the Pteropods. It is oval below in outline, and has an opercu
lum like that of Hyolithes.
5. Gastropods. - The Gastropods here figured (Figs. 578-582) pertain to
genera that, like Platyceras of the Lower Cambrian, are characteristic emi
nently of more or less of later Paleozoic time. Bellerophon has the shell
574-582.
674.
575.

676.
A

578.

A
Il

579.

581.
j.

4,

k,t
:

677
k.

\..

r,
580.

PTEROPODB. - Fig. 574, Hyollthes gregarlue (1); 575, Matherla varlabills, lateral view (8); 576, 577, same, end
views of different specimens (1). GARTII0P0DS. - Fig. 578, Holopea SweetI; 570, 580, Ophileta primer.
dlalls; 581, 582, Bellerophon antiquatus. Fig. 574, from Meek; 575-577, Walcott; 578-582, Whitfleld,
Wisconsin 0. Rep.
coiled in a plane; it has also (but not shown here) a narrow slit in the lip
of the shell at its middle.
B. antiquatus Whitf., first described from Wis
consin beds (Fig. 581), occurs also in Eureka, Nev.
6. Trilobites. -Fig. 583 represents, reduced, one of the large species of
six inches.
Dicellocephalus of Owen, from Minnesota,-the real length being
of one of the small species
Figs. 585 and 585 a are head and pygidium
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from the Potsdam sandstone of Keeseville, N.Y., the total length being a
fourth of an inch. The track, 5.1 inches broad, Fig. 586, from Perth, Canada,
described by Logan, has been referred to a large Trilobite, on the view that
the limbs of the species were natatory; and on 587 is a similar track, 4
inches broad, from New Lisbon, Wis., besides a still smaller kind. The
partially natatory character of the limbs has been recently established by
Beecher (page 512).
583-588.

583.

586.

586.

584.

-
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5S7.

588.
.

P"4 1:
- .

?j9

I
1111
LI

1
:

III'

TRILOBITES. -Fig. 583, r)iceilocephalus MinneBotensis () ; 584, 1). Towenets (1) 585, Ptychopnria (CoBb.
coryphe) mlnutn, head shield (4) ; 585 a, same, pygldium (4). TRACKS.-Fig. 586, Clirnactichnites
Wilsoni, supposed to be (hose of a large Trilobite (?) ; 587, Climactichnites Youngl (the larger track),
with C. Fosteri, the smaller; 588, l'ioticbnltcs septemnotatus. Fig. 583, 584, from D. D. Owen; 585,
585 a, F. ii. Bradley; 586, 588, Logan; 587, Chamberlin.
The tracks, a portion of the series of which is represented in Fig. 588,
were described by Owen from specimens found in the Potsdam sandstone of
Canada. The breadth of the pairs of tracks was six to seven inches. What
made them is not yet known.

Besides the kinds of fossils mentioned above, there are also various markings and im
pressions that are not fully explained. Among these are impressions 4-sided, 5-sided,
and circular in form, from Olenellus beds, which have been referred, first by Nathorst of
Swe(h'n, and later by Walcott and others, to Hydrozoans or Methise of large size. The
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5-sided forms among them, and the thickness indicated, make a relation to the Meclu&e
doubtful. Nathorst states, however, that. he has experimented with some species of Me
dus and obtained similar impressions. Moreover, some modern Medus have occasion
ally varieties with five divisions.
A general review of the fossils of the Lower, Middle, and Upper Cambrian will be
found in Walcott's papers : Bulletins U. S. Geol. Survey, Nos. 10, 30, and 8, and Tenth
Ann. Rep. U. S. Geol. Surrey; and details here are therefore unnecessary.
See, also, papers by Billings, Paia'ozo(c Fossils, Canada Survey; J. W. Salter, Q. J.
0. Soc., xv., 551, 1859; James Hall, Sixteenth Ann. Report, N. 1'. State Cabinet, pp.
119-184,1863; U. F. Matthew, Royal Soc. Canada Proc. and Trans., vols. i.-v., vii.-ix.;
C. F. Hard, in Dawson's Acadian Geology; S. W. Ford, Am. Jour. Sc., 3d series, vols. 2,
3, 5, 11, 13, 15, 19, 21, 22; Roininger, Phil. Acad. Sc. Proc. 1887, p. 12; Whiteaves, Am.
Jour. Sc., 3d series, xvi., 224; Whitfield, Geol. Survey Wis., iv., and Am. Mus. Nat. Hist.
Bull., i., p. 139; Shaler and Foerste, Bull. Mts. Comp. ZoJi. Camb., xvi., 115, 1888 ; also
Walcott, Am. Jour. Sc., xxxiv., xxxvi., and U. S. Nat. Mus. Proc., vols. xi.-xiii. Besides
the above, there are recent studies of the Genera of Cambrian Brachiopods by Hall and
Clarke (Pal. N. Y., vol. viii., 1892); a paper on the Classification of the Brachiopods by
C. Schuchert (Am. Geologist, March, 1893); and a paper on the Development of Brachio
pods by C. E. Beecher (Am. Jour. Sc., xli., 1891). Beecher separates from the genus
Kutorgina of Billings (the type of which is K. cingulata, an articulate Brachiopod) the
species Kutorgina (Obolus) Labradorica of Billings, var. Swantonensis of Walcott (which
is inarticulate and undergoes no modification of form during growth), and makes it the
type of the new genus Paterina.
The investigation of the Cambrian rocks, in late years, has greatly increased the
number of known species. An extended description of the Lower Cambrian fauna is
published in the Tenth Ann. Report of the U. S. Geol. Survey, 1890, by Walcott. Mat
thew has described many species of the Middle Cambrian, and the Upper Cambrian faunas
are being studied by Walcott. Over 100 genera and 400 species are already described
from the Cambrian of North America. Walcott gives the following table of the number
of genera and species of fossils in the Lower Cambrian alone of North America (1890): Spongiozoans
Hydrozoans
Actinozoans
Echinoderms
Tracks, trails, burrows.

Gen.
4
2
5
1
. 4

Sp.
4
2
9
1
6

.

.

Gen.
10
6
4
15
. 5

Total

.

. 56

Brachiopods
Gastropods
Pteropods
Trilobites
Other Crustaceans

Sp.
20
15
15
51
8
131

Adding species not included above, mostly described by G. F. Matthew, of New
Brunswick, the total number of American genera is nearly 70, and of species 170.
FOREIGN.
The Cambrian rocks of Great Britain outcrop in North and South Wales,
and in Shropshire, just east of Wales. The principal regions identified by
fossils are the Longmynd, of slate and grits, in Shropshire; the Harlech,
and the Bangor and Lianberis toward the Menai Straits, of sandstones, flags,
and slates, in North Wales; the St. Davids (ancient Menevia), of sand
stones, slates, grits, and conglomerate, in South Wales ; and that of the
Malvern Hills. In Ireland, Cambrian rocks occur at Brayhead and in Wex-
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ford, County of Wicklow. Other
reported regions, partly metamorphic, are
those of Charnwood Forest, and, the Western Highlands of Scotland.
The lower part of the Cambrian of St. Davids is divided by Dr. Hicks
into (1) the Caerfai group, (2) the Solva, and (3) the Menevian. The
Lower Cambrian includes (according to Walcott) the first of these groups;
it contains Lingulella primct'va, L.
ferruginea, Di8cina Gaerfaiensis, Leperditia
Gambrensis, but no Olenellus has been reported. To it, as Lapworth shows,
belong also sandstone beds in Shropshire, from which he has described
Olenelius Gailavel (with which occur species of Kutorgina, Acrothele, etc.).
There are there no overlying Paradoxides beds.
Here belong also the
sandstones, flags, and slates of Bangor and Lianberis, toward the Menai
Straits.
The Middle Cambrian or Paradoxides section comprises the Solva and
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Menevian beds of St. Davids, which have afforded Paradoxides Harknessi,
P. Solvensis, P. Davidis, with Protospongiafenestrata and species of Lingulella,
Theca or Hyolithes, Discina, Orthis (Orthisina), Stenotheca, Agnostus, Micro

discus, Gonocoryphe, Leperditia. The Lower Cambrian and part of the
Middle of Sedgwiek are here included.
The Upper Cambrian or Olenus division comprises the Lingula flags and
Tremadoc slates, which occur along by Maentwrog, Festiniog, and Dolgelly
in North Wales, and the Tremadoc beds both in North Wales and at St.
Davids.
The genus Olenus here has its largest development. The beds include
also Diet qonema, and, other Graptolites; species of Lingulella, as L. Da
vlsi (Fig. 591), Lingula, Obolella, Kutorgina, 02-this; Hyolithes, Gonularia,
589-595.
5S9 vu ,
\, 4

592

591

595

594

L

69

c(fl

Fig. 589, Oldhamia antlqua; 590, 0. rndiata; 591, Llnguiellit Dasiei; 592, Agnostue Rex; 593,
Olenus micrnrus; 594, Sao birsuta (&); 595, Hymenocaria vermicauda (i).
Bellerophon (B. Cambrensis); among Trilobites the genera Agnostus, Goflocoryphe, Ampyx, Olenus (among the many species, Olenus micrurus, Fig. 593),
Dicellocephalus, Spha3rophthalmvs ; also the Crustacean Ostracoids, Leper
ditia, Primitia; the Caridoid. species, H!/menoearis venicauda (Fig. 595).
In the Tremadoc slates occur several species of Uraptolites; Dendrocrinus
Cambrensis and Palaster, among the earliest Echinoderms; Lamellibranehs
of the genera,M'odiolopsis, Palarca, Gtenodonta, etc.; Pteropods of the genera
Theca and C'onularia; the earlier of British Cephalopods, of the genera OrthoDANA'S MANUAL-3!
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ceras and Gyrtoceras; among Trilobites, the genera Olenus, Agnostus, Asctphus,
Ogygia, Gon ocoryphe, Cheirurus; and the Caridoid Entom ostracans, Gera
tiocaris and Lingulocaris.
Oldhamia, from the Bray Head region, Ireland (Figs. 589, 590), has been
It is stated by Dr. Kinahan
supposed to be a seaweed, and also Hydrozoan.
to be only inorganic markings.
In Scandinavia, where the Olenellus zone was first shown to be the true
Lower Cambrian by Dr. A. G. Nathorst, the Lower beds occur at Andrarum
in Scania beneath Paradoxides beds.
They are also found near Lake Möseu
in Norway, and in Esthonia in Russia. They have afforded, besides Oleneilus
Kjerulfl, species of Lingulella, Obolus, Discina (?), Hyolithes, Metoptoma,
&enella, and also impressions which, as stated above, page 479, are referred
and called fJedusites.
The Middle Cambrian
by Nathorst to Medus

beds near Kongsberg, Norway, contain Paradoxides Tessini, P. Forchharnmeri,
Agnostus Ejeruifi, with Protospongia; and in Sweden, the same species of
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Olenellus with Paradoxides beds at a higher level, and above these Olenus
schists and Dictyonema shales.
The Cambrian beds of Norway are very thin, the beds near Kongsberg
being 60 feet thick; in Sweden, the thickness is 2000 feet. The Eoplu/ton,
sandstone lies beneath the Olenellus beds in Norway and contains the am
biguous Eophyton with Hyolithes levigatus, and worm and other doubtful
markings.
Medusites.

Nathorst supposes the Eophyton to be the casts of trails of

In Bohemia, the region of Barrande's discoveries, -an area about Prague
- the
having Archan rocks around it except on the north and northeast,
"Primordial zone," his stage C, 300 to 400 yards thick, afforded him the
genera of Trilobites, Paradoxides (12 species), Agnostus (5, among them A.
Rex, Fig. 592), Gonocoryphe (4), Ellipsocephalus (2), Hydrocephalus (2),
Arionellus (1), Sao (Sao hirsuta, Fig. 594) ; also five species of Cystoids, with
From the underlying beds
species of Orthis, Orbicuia, and five of Hyolithes.
of stage B (which rest on the Archan, stage A), consisting of slates,

quartzytes, schists, etc., Barrande reported traces of Annelids, Arenicolites.
Barrande represents the rocks in a section across from northeast to south
west as lying in a simple synclinal, with an elevation of conformable Upper
Silurian strata at the center of the synclinal.
On Sardinia occur Cambrian beds, frwn which Meneghmi described, in
1888, two species of Paradoxides, several of Olenus, and Gon.ocephaiites, with
others of Anoinocare and Asaphus. No species of the Olenellus horizon

were reported. J. G. Borneinann described from Sardinia, in 1892, Trilobites
of the new genera Olenopsis, Metadoxides, and Giordanella, with Gastropods
of the genera Gap ulus, Belle ropho n, and probably Garinaropsis.

In the province of Sian-tung, China. Cambrian fossils were gathered by
von Iticbthofen, and identified by Dames as belonging to the genus Doropyge, and referred to the age of the Quebec group. Walcott refers them to
the genus Olenoides, and to the age of the Middle Cambrian.
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In India, the Director of the
Survey reports the discovery, by Dr. Warth,
of two Trilobites in the Neobolus beds of the Salt Range, and the identi
fication, by Dr. Waagen, of one of them as a species of Conocephalites, and
of the other as probably an Olenus; thus indicating the presence of a Cam
brian and probably Lower Cambrian fauna.
Species of Conocephalites, Dicellocephalus, Ethnzophyllu?n, and several
other Cambrian genera, have been discovered in the rocks of South Australia.
Kayser described, in 1876, a number of Brachiopods and an Olenus from
the northern part of the Argentine Republic, thus indicating Upper Cambrian
rocks in South America.

GEOGRAPHICAL AND PHYSICAL CONDITIONS AND PROGRESS.
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American. - Cambrian history, as the facts presented show, is the history
of a begun and a growing continent; growing not by extension seaward, but
by progress in rock-making over its wide surface wherever sufficiently sub
merged, and in rock destruction over emerged areas as a source of material
for the new rocks. The abundance of shells of Pteropods may seem to
indicate deep waters, since they now abound in sea-bottom deposits at depths
of 100 to 1000 fathoms in the seas of the Mexican Gulf. But these pelagic
species live at or near the surface; and if any physical conclusion is to be
inferred from their abundance, it is simply that the surface of the water

was between 700 F. and 85° F.
The gathering of building-material in gradually deepening geosyn dines
or troughs for future mountain ranges in the neighborhood of the Appala
chian and Rocky Mountain protaxes has been stated to have commenced
time. The Cambrian formations
(page 357) with the beginning of Paleozoic
bear testimony to the fact; for they have a great thickness, thousands of
feet, over the sites of the Taconic and Appalachian ranges, west, for the most
that of the future Laramide or post
part, of the eastern protaxis, and over
Cretaceous Range, partly east and partly west of the western protaxis. Even
in the Lower Cambrian a large part of this thickness was attained; while
as far as the facts are known,
through the interior basin of North America,
the Cambrian is thin, and the Lower and Middle Cambrian wanting. Wal
cott's map, in the U. S. G. S., Tenth Ann. Report, presents the probable con
dition, and sustains his view of very uniform conditions over the interior,
which signifies either emergence of the laud or but small submergence, and
no subsidence in progress.
In the Lake Superior region, along the southern margin of the Arcban V,
there was one great exception
between it and the Archan area of Wisconsin,
But it was apparently con
to uniformity over the interior continental area.
were extensive igneous eruptions.
fined to the Keweenaw area, where there
are referred to the same
The igneous rocks of Isle Royale, in Lake Superior,
took place also in Michipicoten Island,
epoch by Whitney. Similar ejections
the north shore of the lake; but
and at Thunder Bay and other points along
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their relations to those of Keweenaw are not ascertained.
Igneous outflows
occurred also in the Cambrian areas of southeastern Pennsylvania (G. H.

Williams. 1892).
Foreign. -As in America, Cambrian beds are found along the borders of
the Archan.
They occur at various points in the northern part of the
Continent of Europe, from England along Sweden, Norway, Lapland, to

Esthonia, in Russia, and also about isolated areas in France, Portugal, and
So
Spain; the areas being the outcropping margins of Cambrian deposits.
large a part of the European continent is under Mesozoic or Cenozoic strata
that geology cannot claim to know much about the actual distribution of the
Cambrian areas.

- Besides evidence of
Epochs of upturning in the course of the Cambrian.
slow change of level, evidence exists of one or more epochs of disturbance or
upturning during the long interval between the Archean and the close of the
Cambrian. The evidence consists of superposition of the horizontal or nearly

horizontal beds of the Upper Cambrian on upturned beds of earlier Cambrian
in Minnesota, on the St. Croix, in central Texas, and in Arizona in the Grand
Canon of the Colorado. It is not known that any mountains were made at

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

In the Eureka district,
the time in either of the three regions mentioned.
Nevada, the beds of the Upper and Lower Cambrian are conformable.

Tide and currents the same essentially as now. -The beach material of the
early and later Cambrian was fine sands and pebbles, as it is now; for these
are the materials of the beach-wade rocks, -the Potsdam sandstone and
other like deposits.
They were as quietly belabored by the waves, as the
ripple-marks show; as free from extraordinary current movements, as proved
A reddish variety of these
by the usual even regularity of the bedding.

sand-made rocks, spread out and accumulated on Cambrian beaches or sand
fiats, is used in American cities as one of the kinds of building-material.
The waves and currents were then as quiet in their work about the Adiron

dack shores as they are now on the New Jersey coast. No evidence exists
that the world's tides and currents had greater force than in this modern era

of a quiet earth.
Climate in the Cambrian. - The evidence as to climate open to the geolo
gist is that based on the kinds of life represented by fossils in the rocks.
The Cambrian fossils thus far studied are from temperate latitudes only.
Nothing is gathered from them as to different zones of temperature in the
ocean, and nothing that proves the temperature of the waters to have been
warmer than that of the existing torrid and warm-temperate zone.
We have,
therefore, to regard the climate, as well as the tides and waves, to have been
such as now characterize the warmer portions of the existing world. There

was no frigid zone, and there may have been no excessively torrid zone.
Purity of the air and waters. -The purification of the air and waters
through the making of limestone, which commenced in the later part of

Archan time, continued through the Cambrian; for liinestones are common
rocks in the series, though far from being the only ones.
The degree of
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purity attained is unknown; experiments on modern life may possibly lead
to some reasonable estimate. This much is certain: that the waters were
sufficiently pure for the development of a great diversity, as has been shown,
of aquatic life. The types of the early Cambrian are mostly identical with
those now represented in existing seas, and although inferior in general as
to iade, they bear no marks of imperfect or stunted growth from unfit or
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foul surroundings.
How the purification was made so complete by the
beginning of Paleozoic time has not been explained.

The following observations have an important bearing on this subject, although falling
short of the needed explanation: If the carbonic acid in the limestones of the world and other carbonates, and the carbon
of the coal and carbonaceous products in the rocks were originally, as is believed, in the air
and waters, the amount of these carbonates and carbonaceous products in the formations
of the Cambrian and all later periods would afford a basis for estimating approximately
the amount of available carbonic acid existing at the beginning of these periods.
For the estimation there are the following data. A cubic foot of pure limestone
which is half calcite and half dolomite, and has the normal specific gravity 275, weighs
1714 pounds; and this, allowing for --' impurity, becomes 157 pounds, and corresponds
to 72 pounds of carbonic acid. A cubic foot is equal to an inch-square column 144 feet in
height. Since 72 is half of 144, each foot of the column of such limestone contains half a
pound of carbonic acid. Hence a layer of the limestone 1 foot thick would give to the
atn osphere, on decomposition, half a pound of carbonic acid for each square inch of
surface.
A foot layer of good bituminous coal containing 80 per cent of carbon, G = 15, will
give to the atmosphere, by oxidation, 19 pounds of carbonic acid per square inch of
surface.
If the mean thickness of the limestone over the whole earth's surface, that of the
oceans included, reckoned on a basis of T1 impurity, is 1000 feet., the contained carbonic
acid amounts, according to the above, to 500 pounds per square inch, or 34 atmospheres
(of 141 pounds), and if the mean thickness of the coal is 1 foot, the carbonic acid it
could contribute would be 19 pounds per square inch.. Adding these amounts to the
carbonic acid corresponding to the carbon in the mineral oil and gas and other carbona
ceous products of the rocks and organic life, supposing it to be 6 times that of the coal,
the total is 5135 pounds, or 35 atmospheres. The mean thickness of Archean calcium,
magnesium, and iron carbonate is not a fourth of that of post-Arcinean. Estimating the
carbonic acid they contain and that corresponding to the graphite of the rocks at 10
atmospheres, the whole amount becomes 45 atmospheres.
It has been suggested by some writers that the total amount of carbonic acid in the
early Archean was equivalent in pressure to 200 atmospheres. But this would require
that the mean thickness of the limestone for Archtan and post-Archean time should
have been nearly 8000 feet.
Part of the limestone of post-Archiean terranes was derived from the wear and solu
tion of Archean limestones, iron carbonate, etc., and hence all the 35 atmospheres to the
commencement of the Paleozoic. But if
square inch were not in the atmosphere at the
to
25 atmospheres, it is still an enormous
we reduce the 35 atmospheres, on this account,
amount beyond what ordinary life, even aquatic life, will endure. Reducing the esti
mated mean thickness for the limestone layer over the globe from 1000 to 500 feet would
make the amount less by nearly one half. But with all the reductions that can be explained,
the excess is still very large. It has been proved by experiment that an excess also of
carbonic acid on plants; and that if the
oxygen diminishes the deleterious influence of
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amount of this gas is made equal to that of the oxygen in the present atmosphere, plants
will still thrive. Flow far this principle worked in early times is among the uncertainties.
The idea has been thrown out by 'I'. Sterry Hunt that carbonic acid has been received
by the earth, from time to time, through the fall or near contact of meteorites, since carbon
exists sparingly in some of these bodies. But it has not found favor with astronomers.
BIOLOGICAL PROGRESS.
- The
Display of the system of life in the Gamnbrian.
system of life, as
exemplified by Lower Cambrian species, was essentially the existing system.
Seven of the grander divisions of animal life above the grade of Rhizopods

were represented: Sponges, Corals, Echinoderms, Worms, Brachiopods, Mol
And under Mollusks there were species of Larnel
lusks, and Crustaceans.
libranchs, Pteropods or related forms, and Gastropods; under Crustaceans,
Eutomostracans of two sections, - the Ostracoids or Bivalve Crustaceans,
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and Caridoids or shrimp-shaped species, -and Trilobites. It is trite that
- their shells or skeletons.
species are represented only by their hard parts
But the several subdivisions have species living in the existing world, so
that the nature of the life and the laws of structure and physiology of the
Cambrian species are, with few exceptions, all within man's range of study.
The muitiplicate structure a common, low-grade feature of the Cambrian
But in the
fauna. -The multiplicate structure exists among living species.
that admitted
early Paleozoic it was a prevalent feature under all the tribes
of it. The structure is a fundamental one in the 'Worms of all ages, the

since succes
body consisting of an indefinite number of body-segments; and,
sional lines of development led off from their precursors to Trilobites and
other Crustaceans, it is natural that Cambrian species of these classes should
The Protocarids (page 474) are
be multiplicate in number of segments.
an example among the Crustaceans, as shown by the number of segments
in the abdomen; the modern Apus is a representative of the Protocarid struc
ture.
The Ostracoids (Fig 56) have their limbs and segments concealed by
the shell; but there is reason to believe that these were multiplicate, and proto
The large Trilobites on pages 473, 476 exem
types of the modern Limnadia.
Only time small Agnostus family (page 476) fails of it, and
plify the feature.
these species probably fail because the form represents an embryonic condition.
Other low-grade features of Lower Cambrian species. -The Cystoids are
the lowest of Echinoderms, inferior to Crinoids.

Brachiopods are (1) mostly the hingeless or inarticulate species; (2)
small in size; and (3), to a great extent, if the number of individuals of the
all
prevailing kinds is considered, species having a ehitinous shell : and
Further, as remarked by Scmthese characters are embryonic features.
The
chert, no species having spines or 1001)8 within the shell are yet known.
special embryonic features of Kutorgina, Obolella, and Paterinc, have been

well illustrated by Beecher; and, according to this author, the genus Kutor
gina is probably the earliest representative of articulate Brachiopods.
The chitinous shells of the Brachiopods, that make up so large a part of
the individuals, contain much calcium phosphate, as shown by time analyses
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ci T. $. Hunt (page 73),
probably indicating, as has been suggested, the
of
much
presence
pliosphatic material in solution in the seawater.
The IJaiuellibranchs are the lowest of Mollusks, and the
species were very
small.
The Gastropods were very small, and
of
the Patella-like
mostly
symniuetrital, non-spiral species; but with these occur species of Platyceras,
having a short spire, and some of Pleurotornaria, a Paleozoic genus of coiled
species that continue on through later time.
The Crustaceans are either species of the lower division of the class, the
Em tonmostratans, or are I sopod in relations.
Smallness of size is not, however, a universal feature. The
Pteropods,
among Mollusks, were much larger than the modern species of the tribe.
'I1he Trilobites even of the Lower Cambrian comprise species as large as

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

living Crustaceans. The Ostracoids are generally larger than those of recent
tittles.
The most prominent exception to low-grade features in the fauna is that
of Trilobites, which have nearly the perfection that belongs to the typical

isopod. Their primitive character is, however, marked in the multiplicate
structure of the thorax and its limbs, and in the fact, observed by Beecher,
that each of the thoracic legs has a natatory appendage.
Einbrionie precursor lines .fail. - The Lower Cambrian species have
not time simplicity of structure that would naturally he looked for in the
earliest l'aleozoic life. They are perfect of their kind and highly specialized
structures. No steps from simple kinds leading up to them have been dis
covered; no hue from Protozoans up to Corals, Echinoderms, or \Vorms, or
from either of these groups up to Brachiopods, Mollusks, Trilobites, or other
Crustaceans. This appearance of abruptness in the introduction of Cambrian
life is one. of the striking facts made known by geology. But, as is often
urged, this appearance of abruptness is believed to be due to defective records.
Iii some regions there are thick strata in the Cambrian below the lowest fossi
liferous beds representing a long lapse of time, besides others in the Archan,
of whose life nothing is yet known. Again, species without shells or stony
secretions make no fossils, and can leave no record; and it is for this reason
that we know so little of Cambrian Worms, all that remains being the holes

or tracks they made.
Further: the Lower Cambrian rocks are often hard slates and grits, and
the heat, or heated moisture, or siliceous solutions, that hardened them would
have tended to dissolve away calcareous shells. The shells of phosphatic
kinds, as the Linguhe, Discine, and the tests of Trilobites, would have
From this last fact it follows that resistance to solution, not
suffered least.
in number, may, in many eases, have determined the relative
p1e10111imtmm
These are sources of uncertainty
of fossils.
proportions of time species
demanding consideration.
Lower Cambrian. But they are
The Olenellus beds have been made the
should be found containing no
not necessarily the lowest. For if strata
of Brachiopods, Ostracoids among
Trilobites, but only Worms, time lower types
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Crustaceans, and other inferior species, a place in the Cambrian would prop
erly be made for it, unless the beds were proved to be Huronian by evidence
that they had, been formed before the epoch of mountain-making which closed
Archan time. Mere divergence to this extent from the Lower Cambrian
in life would not be sufficient to require separation from it.
Progress through the ((ppcarance and disappearance of species. -This
feature in the world's biological progress is well illustrated in Walcott's
reports. Of the many species of Trilobites from the Lower Cambrian, very
few are known to occur in the Middle Cambrian; and few of those of the
Middle, in the Upper.
According to the facts thus far gathered, it may
seem that events passed with a rush; that exterminations and renewals

followed one another at short intervals.
But the thickness of the rocks
There
proves that the three divisions of the period were immensely long.
have
been
may
many successive faunas in each. It is quite certain, judging

from the teachings of the geological past, that the abrupt breaks are gener
ally, if not always, breaks in the record, not breaks in the succession of
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species.
The total number of ascertained species from the American Lower Cam
brian is stated to be less than 200. The number 200, though large, con
sidering the remoteness of the period, is very small compared with that of
the marine invertebrates of existing American seas.
There are reasons for
its being so small; for (1) only a small part of the rocks has been examined;
(2) hardly a tenth of the deposits made in the Lower Cambrian would have
escaped the destroying action of denuding agencies; and (3), in any case,

only a small part of any fauna is likely to become fossilized. The num
ber of species known from the Middle Cambrian is much smaller than
that from the Lower. This is not evidence of fewer species at one time than
another in the fauna of the world. It may be proof that the conditions were
unfavorable over the regions geologically studied for the preservation of
their remains.
These unfavorable conditions may have been due to tem
porary changes of water level that made densely brackish seas over large
parts of the continental surface, or as great fresh-water seas; or to other
local circumstances not now discoverable.
The absence of Lamnellibranclis
in the Middle Cambrian, although present in both the Lower and Upper,

means the absence of fossils from the rorks not of species from the faunas.
Progress in Cambrian life after the Lower Cambrian. -This progress
is strongly marked.
In the Upper Cambrian, Brachiopods are of more genera;

Conularia is added to the Pteropods; Gastropods are of normal size, and
those with spiral shells are multiplied; and Crustaceans are advanced to the
grade of non-multiplicate Hymenocarids; and before the epoch ended there
were true Crinoids and Star-fishes in the seas; Trilobites had appeared of
the genus Asaphus; Ceratiocarid Crustaceans were in the waters; and be
sides these, Cephalopods, the higher Mollusks, were represented by species
of Orthoceras and Cyrtoceras, the straight form of Orthoceras apparently
preceding the curved form of Cyrtoceras.
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LOWER SILURIAN ERA.
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SYNONYMY.- Lower Silurian, Murchison, Phil. Mag., vii. 46, 1835; Brit. .&w., V.,
185. Lower Silurian, Upper Cambrian, Sedgwick, but not aware of their identity, Brit.
Assoc., v., 1835. Lower Silurian, including the Lingula flags, Murchison, 811. Syst., 1838;
Geikie, in 3d edit. of Jukes's Geol., 1872; Dana's Manual of Geol., 1874. Lower Silurian,
Lyell, Elements Geol., 2d edit., 1841, and later; Geikie, Text-book Geol., 1885; Seeley
and Etheridge, Man. Geol., 1885; Prestwich, Geol., 1886; Credner, Geol., 1887. Cambro
Silurian, Jukes, Canadian Geological Survey. Fauna D, or Second Fauna, Barrande.
Silurienne,Etage Armoricain, Lapparent, Ti'. Géol., 1883.
Champlain group, but with the Potsdam sandstone and the Oneida conglomerate in
cluded, Hall, Rep. N. V. G. Suru., 1843 ; same, with the Oneida conglomerate excluded,
Mather, Vanuxem, Emmons, Rep. AT. Y. G. Sun,., 1842, 1843.
Ordovician, Lapworth (from the name of the British tribe, Ordovices), G. Mag., 1879,
13.
p.
Upper Cambrian, Ordovician, H. B. Woodward, Geol. of Eng. and Wales, 1887.
The counter-claims of Sedgwick and Murchison with reference to the
geological formations in which they both. had worked, appeared to have
been settled by the recognition of a Cambrian system below the Lower
Silurian.
But the independent characteristics of the Lower and Upper
Silurian becoming increasingly evident, it has seemed to demand that the
two eras should have independent names.
Notwithstanding the great
claims of Murchison, the new name of Ordovician, proposed in 1879 by

Lapworth, is much used for the Lower Silurian, the one which represents
the larger share of Murchison's labors, and thereby the old Murchisonian
name of Silurian is left for the Upper division. As this is not the disposal
of the question which the law of priority appears to require, the name of
Lower Silurian is here retained, awaiting the full expression of geological
opinion.

NORTH AMERICAN.
SUBDIVISIONS.

2. Trenton
Period.

8. HUDSON EPOCH: that of the Hudson slate group or
Hudson River group, Mather, Ann. Rep. Geol. NY, 1840;
Hudson River group, Mather, Hall, Vanuxem, Final Rep.
Geol. N. Y, 1842, 1843; Lorraine shales, Emmons, Final Rep.
N. Y., 1843; Nashville group, of Tennessee, J. M. Safford, Am.

Jour. &i., xii., 1851; Cincinnati group, Worthen, Rep. Geol.
Ill., i., 1866.
2. UTICA EPOCH: that of the Utica slate, N. Y. Geol. Rep.,
1842, 1843; Black slate, Ann. N. Y. Rep.
1. TRENTON EPOCH: that of the Trenton, Birdseye, and Black
River limestones, Vanuxem, Conrad, Ann. Rep. Geol. N. Y.,
1838.
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f2. CHAZY Epomi: that of the Chazy limestone, Emmons.
Final Rep. Geol. N. Y, 1843.
1. Canadian
1. CALCIFEROUS Epoen: that of the Calciferous sandroek of
Period.

Amos Eaton, Geol. and Agric. Survey distr. adj. Erie Canal,
N.Y., under S. Van Rensselaer, 1824. Part of the Levis, of
Logan's Quebec group.

In the Reports of the first Pennsylvania Geological Survey, Professor H. 1). Rogers
uses the following terms and numbers: Primal, I., for Cambrian ; Auroral, II., for the
Calciferous and Chazy; Matinal, III., for the Trenton. The Taconic series of Emmons,
along western New England and eastern New York, corresponds to the Cambrian and
Lower Silurian formations combined. The geologists of the New York Geological Survey
of 1836 to 184 were Ebenezer Emmons, W. \V. Mather, James 1-fall, Lardner Vanuxem,
and T. A. Conrad, the last acting as paleontologist. After the close of the general survey
of the State, Hall was given charge of the paleontology.
ROCKS-KINDS AND DISTRIBUTION.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

The Lower Silurian formations are to a large extent limestone; they are
Areiiaeeous and shaly strata
partly calcyte, but more widely d.olomyte.
are most common in the earlier and later part of the series, that is, in the
Calciferous epoch and the Hudson epoch ; but in the Interior Continental
region the larger part of the rocks of these earliest and latest divisions is
calcareous. The Trenton rocks are remarkable for their wide distribution

Outside of the Arch,eo-Cambriau areas they extend for
over the continent.
the most part from the Atlantic to the Pacific, though covered in general by
later rocks. The larger part of the outcrops of the limestones follows the

outline of the Archan areas, separated from them, if at all, only by out
cropping belts of Cambrian, showing that the shore line in the Lower
Silurian era was not far distant from its Cambrian position.
This is true around the Adirondack area in New York, and from central
New York westward to Wisconsin and Minnesota. It is also true along the

Appalachian protaxis from Canada and the Green Mountain region to Ala
bama, on both its east and west sides; also in the Ottawa region, Canada,
where there was a large Lower Silurian basin as successor to that of the
Cambrian era; also along the St. Lawrence northeastward, along the western
It was
arm of the Archan V northwestward, and on some Arctic islands.
true, also, along portions of the Rocky Mountain protaxis; but here, owing
to the thickness of the later formations, the Lower Silurian beds are not
Some of the deep caflons of the Pacific Border
commonly at the surface.
region cut down to them through 1000 to 3000 feet of overlying beds.
In the Continental Interior two isolated areas lie in a line, one over
southern Ohio, part of Kentucky, and the border of Indiana; and the other
The region is that of the
in Tennessee (C, T, on the map, page 536).
so-called "Cincinnati uplift," or anticline.
On the borders of western New England and eastern New York, along
the Taconic Range and either side of it, the crystalline schists and limestone
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are largely Lower Silurian and Cambrian.
They are the Taconic series of
Eintnons. The Eolian limestone of Vermont, and its continuation, the
Stockbridge, of Berkshire, Mass., with the intervening ridges of slates and
schists, are of this series, and also, the extension of the lines southward,
nterruptedly, into New Jersey and Pennsylvania; and it probably
comprises the interrupted series of limestone belts and the associated
sehists which extend from Canaan, Conn., south through Litcbfield County,
Conn., and Westchester County, N.Y., to New York or Manhattan Island,
and part of this island, the rest being probably Archan.

though

1. CANADIAN PERIOD.
1. Calciferous Epoch. -The Calciferous formation, along the borders of
the Archaan of northern New York and Canada, consists of a grayish lime
stone which is often arenaceous and cherty, usually magnesian, and rarely
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fossiliferous, it then extends southwestward through New Jersey and east
ern Pennsylvania.
It includes in Missouri the first or upper of the four
Lower Magnesian limestones, with the underlying sandstone called the first,
or Saccharoiclal sandstone.
Its equivalent is the "Lower Magnesian" of
Iowa and Minnesota.
2. Chazy Epoch. - The Chazy beds in New York consist mostly of lime
stone. The formation. was so named by E. Eiumons, after the village Chazy,
in Clinton County, N.Y., where the formation has a thickness of 730 feet. The
limestone is gray to black in color, and is often recognizable, when in polished
slabs of black marble, by the presence of a large fossil shell three inches or
more across-the Maclurea magna (Fig. 634). The limestone is mostly
It occurs in Canada about the Ottawa basin. On the eastern
dolomyte.

border of New York and the western of New England it makes part of the
Taconic series.
The St. Peter's sandstone of the northern part of the
Mississippi valley has been referred to the Chazy epoch; but it contains
few fossils of any kind, and none are characteristically Chazy.
2. TRENTON PERIOD.
The Trenton period is represented in New York, in its earlier part, by
limestones, and in its later part by shales ; and this division in the rocks is the
basis of a subdivision of the period into the Trenton and Utica and Hudson

epochs. This succession in the rocks implies that a time of clear open seas
first existed, in which Trilobites, Gastropods, and Bryozoans abounded, as
well as Brachiopods; but that later, through some unexplained topographical
change, the waters lost much of their clearness, and bore along so much
sediment that mud deposits were made over the bottom, extinguishing life

that could not adapt itself to the new conditions, reducing Trilobites to a
few species, favoring the multiplication of Lamellibrauchs and other Mol
lusks, and causing many other changes both by migration and modification.
The change, moreover, was one of wide extent and influence.
The name Trenton is derived from Trenton Falls, north of Utica, in
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Oneida County, N.Y., where the limestone stands in bold bluffs along the
wild cañon of West Canada Creek, and affords a good place for the study of
the rock and its fossils.
1. Trenton Epoch. -In the region of Trenton Falls the limestone is a
blackish to (lark gray thin-bedded rock, owing its color, like the Utica shale,
The lower part of the Trenton
to carbonaceous or bituminous material.

formation is called the Black River limestone, from Black River; it outcrops
to the north of Trenton Falls, and, like the Trenton, it is widely distri
buted over the country. A stratum, 30 feet or less thick, at the bottom of
this limestone in central New York, is the Birdseye limestone- a gray, dove
colored rock, speckled with white crystalline points, that are due in part at
least to the presence of a fossil coral and its crystallization into calcite.
The Kentucky Chazy limestone contains similar "birdseyes," and has great
The Trenton in Wisconsin, Illinois, and Iowa is a bluish gray to
buff-colored rock. Above it lies the 11 Galena limestone," about 250 feet thick,
mostly dolomyte, which is noted for its deposits of lead ore; it corresponds
to the later part of the Trenton epoch.
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thickness.

2. Utica and Hudson Epochs. - The shales of the Utica epoch outcrop
along a narrow region in the Mohawk valley, east and west of Utica, the
Hudson epoch,
place after which they are named; and those of the later
along the south side of the Utica shales. They also extend down the Hudson
River valley (whence the name) to Fishkill; but part of the shales formerly

called Hudson River shales have proved to be Cambrian.
The Hudson shales have their greatest thickness in eastern New York.
A boring 15 miles west of Albany passed through 34,40 feet of shales, partly
In central New York, 20 miles
the Utica shades, into the Trenton limestone.
west of Oneida Lake, a boring went through 1000 feet of Hudson and Utica

shades, and at Utica, through 800 feet of the two. The impure limestone and
The thick
shades of the region about Cincinnati are of the Hudson epoch.
The lower part of the series contains
ness at Cincinnati is about 750 feet.
fossils of the Utica shale of New York, mingled with other species belonging
to the Trenton or the Hudson rocks of New York. In Ohio and Kentucky
the Cincinnati beds overlie 600 or 700 feet of limestones and shades which
are mainly of the Trenton epoch.
1. CANADIAN PERIOD.
1. Calciferous Epoch.
a. Eastern Border region. - In noi Lhwestern Newfoundland, on the Straits of Belle
Isle, Upper Calciferous is stated to include 2001' of limestone. Below these are the Lower
Calciferous of the age of the New York beds (Billings, Logan). The beds continue down
the coast of Newfoundland to Bonne Bay and beyond. The Calciferous is 250' thick at
I
* I
ELm te i
the Mingan Islands, and continr&
b. Appalachian and Interior Continental regions. - In sonic places in New York the
contain geodes of quartz crystals, as
layers of the Calciferous are hard and siliceous, and
at Diamond Rock, Lake George, and at Middleville and elsewhere in lierkimer County,
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etc., where the Archan has outcrops not far distant (at Little Falls). A cavity is re
ported to have contained half a bushel of loose, transparent crystals. Fragments and
nodules of anthracite coal are sometimes included in the crystals or accompany the crystals
in the cavity; the larger nodules are two inches or more long. Besides quartz and calcite,
barite, celestite, gypsum, and occasionally blende are found in its cavities.
In Canada, north of Now York, the Calciferous beds spread widely over the western
part of the Ottawa basin, and in general are nearly pure dolomyte, but with cherty or
sandy layers. The fossils are mostly weathered out. Thickness, 50' to 300'. In Ten
nessee, the Knox dolomyte, above its lower 2000' of Upper Cambrian, contains typical
Calciferous fossils. In Missouri, the first magnesian limestone, which has been ascer
tained by fossils to be Calciferous, has a thickness of 50' to 150'. The Saccharoidal sand
stone, 100' to 133' thick, is very white, and is used for glass-making.
"Lower tuagnesian limestone" of Iowa, Minnesota, and Wisconsin, has been found
to contain Calciferous fossils in Clayton and Allamaker Counties, according to S. Calvin.
2. Chazy Epoch.
At Chazy, according to Brainard and Seely, the Chazy limestone has three divisions:
a lower of 310'; a middle of 265', thick-bedded and abounding in Maclurea; and an upper
of 157', which is very various in character, partly siliceous dolomyte. The middle di
vision contains a 20-foot bed of pure gray limestone which is often oölitic; it is 50 feet
above the bottom, and is free from the Maclurea, - a fact accounted for by the oölitic
character, since this structure is produced only in tide-washed calcareous sand-flats or
beaches. It makes a handsome marble called "French Gray," while the ilfacinrea beds
make a black or grayish black marble.
The Chazy beds thin out in the valley of the Mohawk, where the Calciferous is often
followed directly by the Bird.seye.
The Chazy is the Gretiville limestone of the Ottawa region; it is largely developed
about Montreal. It often contains the shells of Lingula in phosphatic concretions; and
shells of Pleurotomaria occur as casts of calcium phosphate. The beds are 300' thick at
the Mingan Islands. No characteristic Chazy fossils have been reported from the Missis
sippi valley. The St. Peter's sandstone of Iowa, Minnesota, and the adjoining part of
'Wisconsin underlies the Trenton, and has been referred to the Chazy. It has been re
ported as affording a few fossils related to those of the lower part of the Trenton. But
in Iowa and Minnesota the name covers limestone beds as well as those of sandstone.
The limestones become thicker in the latter State, and constitute the Shakopee limestone,
which is the middle member of the sandstone. In Iowa the St. Peter's sandstone includes
also the Willow River limestone, and in Wisconsin the New Richmond sandstone. A
sandstone has been met with, also, in borings in Indiana, below the Trenton, and over 601
of ma.gnesian limestone, which is supposed to be the St. Peter's. The thickness is 150' to
224'; its waters are often saline.
2. TRENTON PERIOD.
a. Eastern Border region. - The Hudson beds of Anticosti, along its north side, are
of limestone, and 0591 thick. Above these are limestone beds of the Upper Silurian, In all
about 1400'. The rocks are nearly horizontal. The Trenton occurs in central and west
at
ern New Brunswick, but on the coast and along the shores of Maine only doubtfully
Foster Island near Macbiasport.
central
b. Appalachian and Interior Continental regions. -The Trenton limestone in
and Lewis counties to Lake Ontario;
New York extends as a surface rock through Oneida
to Georgian
then reappears across the lake and stretches westward in a band 30 miles wide
Islands and Drummond's Island, Lake Huron. The
Bay. It occurs also on the Manitoulin
1000' west of
thickness at Montreal is 600', in the Ottawa basin as great, and nearly
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Lake Ontario. East of the Hudson it occurs over large areas as
part of the Taconic
series described beyond. In the west-central portion of southern New York it is covered
to a depth of 2000' or more by later formations.
The Utica shale is 15' to 35' thick at Glen's Falls, in New York; 250' in
Montgomery
County; 300' in Lewis County.
The Hudson River shales cover the region north of Lake
Chaiuplaiii, in Canada,
reaching to Quebec, and northeastward to Montniorency and beyond. They also cover
a small area near the center of the Trenton limestone region of the Ottawa basin. In New
York they include shales and sandstones. They are the Lorraine shales of Jefferson
County (the Pulaski shales of the New York Annual Reports), containing some thin beds
of limestone. The thickness of the shales, in Schoharie County, N. V., is 700' ; in western
Canada, 700'; in a boring at Utica, N.Y., [JO', below 710' of Utica shale.
In Pennsylvania the Hudson shales (Matinal of Rogers, or his No. III) border the
Trenton areas, and have in general great thickness.
In Ohio the Trenton, in the Cincinnati region, lies beneath 700' or so of beds of
impure
thin-bedded limestone and shale of the Hudson (Cincinnati) epoch; and to the north these
shales are 500' to 1000' thick, and include at base 300' of Utica shales. The same beds
are continued westward into Indiana, in the eastern part of which State the thickness is
about 1650'. Of this, 500' to 600' are Trenton and Galena limestone ; it is usually of gray
to buff and white color, but in the northwestern part of the state, chocolate-brown.
South of the Ohio, in middle Kentucky, the Trenton, which includes the ''Blue lime
stone" of Owen, is well represented by thick-bedded limestone, with some shaly seams;
the beds have a small northward dip, toward the Cincinnati region and Lake Erie, along
the area of the "Cincinnati anticline."
In the valley of east Tennessee, the Trenton includes the ' Blue or Maclurea limestone"
of Safford, and is 200' to 600' thick; and above this comes the "Nashville shale" of the
Hudson epoch, which is partly calcareous (becoming increasingly so to the westward) and
is about 2000' thick. In the Maclurea limestone occurs, as an interpolated bed, the clouded
red limestone, affording the famous Tennessee marble; it is about 380' thick. In middle
Tennessee the Trenton and Nashville strata are horizontal, and all is limestone, the later
less pure; thickness about 450'. (Safford.)
The Galena or lead-bearing limestone, of Wisconsin and the adjoining States in the
West, is 100' to 200' thick in northern Illinois and about 250' thick near Dubuque, Iowa;
and the underlying Trenton 20' to 100'.
In Wisconsin and the adjoining part of Minnesota the Trenton limestone is 300' to
350' thick; the lower thinner part represents the Birdsey and Black liver limestones of
New York. The upper part is the Galena limestone. Although mostly a dolomyte, it
is not all so ; in some parts of the lead region only the lower 18' to 951, called the Buff
limestone, out of a thickness of 100' or more, is niagnesian. The Buff limestone from the
southern part of the town of Bristol afforded calcium carbonate 5(F07 to magnesium car
bonate 3532. An associated blue limestone afforded 840° of the former to 53'I of the
latter; the rock of another bed, 07 02 of the former to 100 of the latter. (.1. 1). Whitney,
T. C. Chamberlin.)
In Iowa, at Washington, a boring struck Hudson shales at 700', the Galena lunestone
at 800', the Trenton at 1020', and St. Peter's sandstone at 11001; and below this, at 1230',
the magnesian limestone.
In Minnesota, the Trenton, as it occurs near Minneapolis, consists of dolomnitic himime
stone, more or less argillaceous, of a buff to a drab color, with intercalated shaly portions
and blue shale at base. The thickness in the State is 15' to 70'. The Trenton in Missouri,
according to Broadhead, has a probable thickness of 400'.
c. In the ilnek,, Mountain region. -The Calciferous period is represented probably by
the Ute limestone in the Wasatch, 10001 to 2000' thick; it includes beds in the house
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Range, Utah, and the lower part of the Pogonip limestone, in the White Pine and Eureka
districts.
To the Trenton period are referred limestone beds at the Big Cottonwood Caflon,
over the Cambrian, part of the l'ogoiiip linieswne ; Prospect Ridge, Fish Creek Mountain,
etc., in the Eureka district, Nevada, and later Trenton limestone (Hudson epoch ?) in
Lone Mountain, with 500' of quartzyte between the two (Hague, Walcott); beds at Silver
City and Upper Miinbres Mining Camp, New Mexico, referred-to Hudson epoch ; in South
Park, Arkansas Cañon, etc. (Stevenson, Wheeler Exp., 1876); in British America, grap
tohitic Utica shales in the Kicking Horse Pass (Can. Rep., 1880).
In the Trenton, near Cañon City, Colorado, occurs the harding sandstone, in which
Walcott discovered, in 1800, the plates of Placoderm Fishes, described on page 510.
Walcott gives the following section of the rocks: At the base is a reddish gneiss. This
is followed by 22 of reddish arenaceous limestone with thin interbedded layers of chert,
carrying fossils of Upper Cambrian type. Above this limestone lie 51' of pinkish arena
ceous limestone, carrying Ophileta, S'eraparouns, etc., characteristic of the base of the
Lower Silurian, or the Calciferous fauna of New York; over this a series of sandstones
(Harding sandstone) 101' thick, in which occur, along with an abundant invertebrate
fauna, the plates of the l'lacoderm Fishes. A massive bedded, gray, arenaceous limestone
succeeds the sandstone with a thickness of 110', and this is followed by a thin band of
Carboniferous limestone.
il. Arctic region. -Lower Silurian beds have been identified on North Devon, Corn
wallis, Griffith, west coast of King William Land, Boothia, in Frobisher Bay, from Hall's
collections, on the shores of Kennedy Channel. (For a review of the facts respecting
Arctic geology and a geological map, see G. M. I)awson's paper, Can. Rep. for 1886.)
The Taconie system of Eni-mons. -The Taconic system was first announced by
Emmons in 1842, in his N 1 Geological Report of that year, and pronounced pre-Potsdam
on the general ground of the kinds of rocks and the assumed absence of fossils. In 1844,
fossils having become known to him from beds at Bald Mountain, in Washington County,
N.Y., that had been included by him within the Taconic, lie divided the Taconic series
into the Upper Taconk, or that containing fossils, and the Lower Taconie. Later dis
coveries proved that his Upper Taconic rocks were really the oldest. The rocks of the
so-called Lower Taconic were quartzyte, limestone, and schists in several belts, - situated
along and near the Taconic range on the western boundary of New England, in Berkshire
and eastern New York, and thence extending northward and southward, and also west
ward to the Hudson River. Although the ''Lower Taconic" rocks are metamorphic,
and coarsely so in Berkshire, they were afterward found at many points to contain fossils,
and are now known to be mainly of Cambrian and Lower Silurian age.
These discoveries were made as follows, and chiefly in the limestone: 1857 to 1861,
Vermont survey, under C. 1-1. hitchcock and A. D. 1-lager, Geoloqical Report, 1861 ; 1871,
A. Wing, the fossils of the Chazy from West Rutland, Vt., reported on by E. Billings in
1872; 1805 to 1877, A. Wing, fossils in central Vermont, of the age of the Calciferous to
the Trenton, reported in 1877 ; 1870, rr. N. Dale of the Hudson age, from the slates near
Poughkeepsie, N.Y. ; 1870 to 1890, W. B. Dwight, fossils from 1)utchess County, N.Y., of
Cambrian to Trenton and Hudson, and in Canaan, N.Y., 1880 to 1890; C. I). Walcott.,
fossils of Cambrian age in the quartzyte of southern Vermont, almost down to the Mas
sachusetts line, and in shales or limestone of Washington and Rensselaer counties N V
also Trenton or Calciferous fossils in the limestone of Bennington, Vt., and in Williams
town, Mass., on the west flank of Greylock, and in Berlin, N .Y., the region of the original
Lower Taconic. Further, J. E. Wolff and Foerste have found Cambrian fossils in the
limestone of Vermont, near Rut-land, and elsewhere.
It has thus been established that the Lower Taconic is a combination of Lower
Silurian and Cambrian formations, as already stated. The author's stratigraphical inves-
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tigations in Berkshire, Mass., Vermont, eastern New York, and western Connecticut, aim
ing to prove the continuity of the rocks of the belt so as to use the Vermont fossils to prove
their age, began in 1871, and were continued at intervals to 1887. The last four seasons
were employed in obtaining data for a geological map of a large part of the region.
For papers by Dale, Dwight, Walcott, and the author, and an account of Wing's dis
coveries, see the American Journal for the years mentioned; and for a brief history of
Taconic ideas, vol. xxxvi., 1888. The more important of the species of fossils discovered
by Wing and identified by Billings, and their varieties, are mentioned beyond, on page 517.
The Upper Taconic of Emmons, as shown by the fossils at Reytiold's Inn, north
east of Bald Mountain, Washington County, N.Y., is Lower Cambrian; and that of
Georgia, Vt., another locality, is the same.
Quebec group in Canada. -The Quebec group of Logan (1861-63), established on
rocks occurring near Quebec, at Point Levis, and to the south, included (1868): (1) the
Levis beds, which were fossiliferous; (2) the Lauzon beds, green and purple shales,
affording Lingula and Obolella; and (3) the Sillery sandstone, consisting of sandstones
and shales. They were regarded by Logan and Billings as mostly of the age of the Cal
ciferous and Chazy groups. The recent investigations of Selwyn (1877, 1882, and later),
and the confirmatory studies of R. W. Ells (1889), have proved that the fossiliferous beds
include rocks from the Hudson epoch to the Cambrian; that the Levis is Calciferous in
its lower parts; that the Sillery is probably all Cambrian. (Selwyn, Rep. 0. Can. for
1880, 1881, 1882; Ells, lb. for 1889; also Walcott, Am. Jour. Sc., Feb., 1890; also on the
Graptolites, Lapworth, Trans. R. Soc. Can., 1886.) The Quebec group is for the most
part a northern portion of the Taconic series.
In Newfoundland the Quebec series, consisting of limestones and sandstones, is
described by Logan and Murray as occurring on the northwest and west coast of New
foundland, along the Straits of Belle Isle, and to the south. It includes the Calciferous,
Cambrian, and other beds overlying the Archan. The thickness given for the Newfound
land-Quebec group is 460(Y. For the original account of the Quebec group, see Logan's
Report on the Geology of Canada, 1863, pages 225 and 844.
LIFE.
Of the terrestrial animal life of the Lower Silurian era nothing is yet
known from American rocks; but Insects are already reported from those

of Europe. The aquatic animals comprised, besides many new species of
the several grand divisions represented in the Cambrian, other kinds show
ing progress; and among these, the earliest of Vertebrates-FISHES, as
recently announced by C. D. Walcott; the first known of Barnacles, a group
still common along all seashores, and the first of the Eurypterids, a tribe
somewhat resembling Crustaceans, but having their only modern representa
tives in four species of Limulu.s.
1.

CANADIAN PERIOD.
1.

Calciferous Epoch.

In the rocks of the Calciferous epoch fossils are usually few, although
the limestones have great thickness. Since such limestones are made mainly
out of calcareous animal relics, the absence of fossils means that the tritura
ting waters obliterated them by reducing them to the calcareous mud which
became the limestone. At some localities fossils are abundant, and there is
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no doubt that the seas were everywhere well populated. Among the occur
ring fossils in the shales, Graptolites (Figs. 604-609) are often very numer
ous. The American rocks have afforded a number of Sponges, a few Crinoids
and Corals, some Bryozoans, many Brachiopods, few Lainellibranchs, some
1teropods and (ia.stropods, and a number of Orthocerata and Trilobites.

PLANTS. -But little is known of the Seaweeds, as only casts of rounded
stems, sometimes simple, often more or less entangled, and consisting of the
material of the rock, have been found -and the vegetable nature of these
forms is doubted. The coal nodules (page 493) are supposed to have been
once in the state of mineral oil, and may have been derived from the decom
position of organic matter of any kind. The hot moisture which consolidated
the roek and made the siliceous solution for the associated quartz crystals
(in which the coal is sometimes enveloped) probably drove the oil from the
beds and led to its collection in the cavities or geodes.

A?uMALS.-Soine of the Sponges were of large size.
Fig. 596 represents
restored)
a
of
a specimen (the lower part
of
Arch(eose/jpliia described
species
by Billings, which attained a length of two or three feet and a diameter of
four inches. These Sponges are Hexactinelhid in type; that is, have six
rayed siliceous spicules (the rays at right angles with one another). These
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596.

596-598.
597.

598.

IL

SroNozozoNB. -Figs. 596, a, Arohwosoyphia Minganensis; 59, Receptaculites elegantulus, drawn from a
gutta-percha cast; 598, B. Caloiferus, fragment showing inner surface. Billings.
Hexactinellid Sponges, from
species are from the Mingan Islands. Other
Little Metis, Canada, of the genus Protospongia of Salter, are represented
in Figs. 599 to 603, natural size. Another species of sac-like form -and
rhombic meshes half an inch wide, Paiu!osaCcnS I)awso? i of Hiiide - had a
diameter of 14 inches. They are from the base of the Levis beds, Quebec
not newer than the Calciferous. The
group, and, according to Dawson, are
to be Sponges.
Receptaculites (Figs. 597, 598) are supposed
DLNA'S MANUAL-32
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Some of the Graptolites -Hydrozoans -are represented in Figs. 604-609.
most delicate
The texture of the fossil Graptolite was usually thinner than the
509-603.
(iQo

601
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BPoNos. -Fig. 599, Protospongia tetranema (1); 600, P. mononema; 001, P. cyathiformls; 602, P. coronat;
608, P. Quebecensis. All from 1)awson.
Only the finest of sediments were therefore adapted to their
preservation. The forms with one row of cells, or one-edged (Monoprio
nid), are represented by the Loganogroptus (Figs. 604-606) and species of
membrane.

605

607

604-009.

60.1

-1-1-4 44A
-

\ \

I / ,
!
I

60
R ))i/
C

i
,.p

GaApToLaTEs.-Fig. 604, Loganogrnptu Logani, braneliei broken off; 605, portion of a stein 600, same, more
enlarged; 607, 608, Phyllograptus typus; 609, the supposed young of a Uraptoilte. hail.
other genera. They occur either in long, flat, notched threads spreidiiig From
a center (Fig. 604), or in simple forms; but most specimens are only flIg-
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ments of branches of the slender polypary. The diameter of the form Fig.
604, when living, and having its arms of full length, may have been 15 to 20
inches. Figs. 607, 608 represent a species of the two-edged forms (Diprio
nid), that is, those having cells along both margins.
Besides Graptolites, there were massive Hydrozoan corals, of the Stromatopo'ra type, related, it is supposed, to the modern Millepora.
Under Eclilnoderins, there were
610.
Crinoids and Cystoids, and also the
earliest known of American Star
fishes (Fig. 610).
Among the Brachi
a
common
opods,
species is the Orthis
(Biilingsella) g randu?va (Fig. 611).
Gastropods, of flat .or short spiral
forms, like Figs. 612-614, of species
of the genus Ophileta and Maclurea,
were common, and some were of large
size.
The genus Flat yceras continued
on from the Cambrian. There were
also spiral forms of the genera Pieu-
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611.

Orthis (Billingsella) granduvn.

Stenaster Huxleyl (x 4). BlllIDgs.

rotomaria, Murchisonia, Holopea (Fig. 615), and others of the
Bellerophon family. The shells of Cephalopods in the Calciferous beds occur of many and varied forms, and some are
over a foot in length.
Those of the genus Orthoceras are
in 0. primigeniun of Vanuxern,
straight or slightly curved,
first described, from the Mohawk Valley, N.Y., the septa, as

shown in Fig. 618, are closely crowded. A curved species is
in
represented
Fig. 620, Oyrtoceras (?) Vassarinum from Dutch ess County, N.Y.
612

ItlO,.

616b

612-616.

616

614

GlOu

(c3
GASTROPODS. -Fig. 612, 612 a, Ophilota complanata (I), opposite sides; 613, 0. levata (1); 014,0. uniangulata
(1); 615, Holopea dilneula. - Osiiteotn CRUSTACEAN: 616, Leperdltla Anna enlarged, side view 610 a,
same, tipper view; 616 b, several of the shells, natural size. Figs. 612, 612 a, \'littflcId ; 613, 614, 015,; Hall;
616, 016 a, b, T. 11. Jones.
There were also coiled species, both the open-coiled of the genus Lituites,
and others that were close-coiled, Nautilus-like.
Lituites (?) imperator B.,
Canada,
had
a diameter of 10- inches.
Philipsburg,
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Trilobites existed of the Cambrian genera Agnostus, Dicellocephalus, Pty..
or more), and Bathyurellus (Figs. 621-624),
choparia, Batliyurus (seven species
and also of the genera Illcl3nus, Asaphus, ceraurus (cheirurus), Amphion,
Aivrni. which have here their first American species.
An Ostracoici, or bivalve Crusta,617-620.
cean, is represented much enlarged
620.
617.
in Fig. 616 (a profile view in 616 a),
and several of natural size in the rock
in Fig. 616 It.
Characteristic Species.
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618.

L1J

819.

1. Spongiozoans. - .lleceptaculites ele
gantuins B. (Fig. 07) was a hollow sponge,
with the thickness to the inner tube about
half an inch ; tubes passed from the outer
to the inner surface, which opened inward.
The species from Little Metis (Figs. 59
603) occur in beds that contain also the
Brachiopod Lin uarssonia pretiosa B. (Daw
son, Trans. Boy. Soc. Canada, 188). The
stem of Protospongia mononeina (Fig. 600)
is of doubtful reality, according to ilinde.
2. Hydrozoans. - The characteristic Cal
ciferous forms, besides those figured, are Plqil
lograptus Anna Fl., Tetragraptus bryonoides
1-I., T. fruticosus 11., Didynzograptus exten
sus H., all of the vicinity of Quebec. The
Cryptozoon prolferu t IL (1884), from Green
field, Saratoga County, N.Y., and C. 8/cell,
Seely and Br., another species from Vermont,
if really organic, perhaps belong here.
3. Echinoderms. - Stenaster IIuxle, B.

(Fig. 6l0, having a breadth of 5 lilies, is from
Point ilich, Newfoundland.
4. Molluscoids. - Fig. 611, Orth is (Billingsella) (Jr(wthcm'a 13. ; Lingula ac u in in a/a,
Carnarella ('aid/era B.; C. varians B. also
CPUALOPOD8. -Figs. 617, 61s, Orthoceras primige- from Newfoundland); Clitambon lies.
___
____ tvruk) __._
____ u'ILIU ntn
UI, "u",
IuLIuten&
iuqueum ; OhU.
5 Mollusks. - a. Laineilibranc/is. En('.yrtocaras (?) Vassarinum. Figs. 617, 618, 619,
chasnui BluinenMachu B., Newfoundland
Hall; 620, W. B. Dwight.
fellznoinya Angela B.
b. Gastropods. - Ophileta cornpacta S., a fine species from Canada, is 11 inches across;
Plenrotomaria Calcifera B., from near Beauharnois, Canada; P. gregaria B., St. Ann's,
island of Montreal, Canada, extremely abundant,; Maclurea mat u/ma ii., from New York
and Canada; .3lurchisonla Anna B. (a long turreted shell, approaching the 3!. beilicisn'ta,
Fig. 675), St. Ann's, the Mingait Islands; Eeeylioinphalus priscus Whitf., a large open
coiled shell from Fort Cassin, Vt.
c.
Ozarkense Shum. is from the Magnesian limestone, Ozark
County, Mo. ; Lituites (?) Farnsworihi 13., a species partly coiled, and nearly 5 inches in
its longer diameter, and L. imperator B., are from the upper part of the Calciferous sand-

PALEOZOIC TIME-LOWER SILURIAN.

501

rock of Philipsburg, Canada East; Piloce,as Canadense B., from the Mingan Islands,
north of Anticosti Island; P. Wortheni B., from western Newfoundland. Nautilus
pomponius B. is from Philipsburg; N. ferox B., Mingan Islands, is referred by Hyatt to
the genera .Plectoceras and Litoceras, there being no true species of Nautilus in Paleozoic
rocks. At Philipsburg, Fort Cassin, and in Newfoundland, the fauna included also, accord
ing to Hyatt, species of the genera Sannionites (Fischer, Hyatt), Endoceras Hall, and
Actinoceras Broun (= Onnoceras Hall). On Hyatt's review of the genera of Fossil
Cephalopods, see Proc. Boston Soc. Nat. Hist., xxii., 253, 1883.
621-824.
021.

623.

822.

624.
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Figs. 621, 022, Bathyurus Saffordi; 628, Bathynrdilus ultidus; 624, Bathynrus (?) crotalifrons.
Billings; 624, Dwight.

Figs. 621-628,

6. Crustaceans. - Among Trilobites, Bathyurus Saffordi B. (Figs. 621, 622) is common in Canada, and occurs also in Newfoundland and Idaho; B. crotalifrons at Rochdale,
N.Y.; B. armat us, Quebec and Saratoga County, N.Y.; Ptychaspis speciosa, Ptychoparia
Caicifera, P. Hartti, are other Saratoga County species. Bath yureilus nitidus B. (Fig.
023) is from Cow Head, Newfoundland. None of these species occur in the Trenton.
The Calciferous fossils reported by S. Calvin from the Lower Magnesian limestone of
Iowa are Metoptoma alta WhitlIelcI, Straparoltus CIa ytonensis Calvin, S. pristiniforrnis
Calvin, Raphistoma Pepinense Meek, B. multivolvatuni Calvin, Holopea turgida Hall,
Orthocerasprinvigeniu?n V., 0. Lutliel Calvin.
2.

Chazy Epoch.

In the Chazy limestone occur small concretion-like forms (Fig. 625) hav
ing the structure represented in Fig. 626, which are supposed by some to
be of vegetable origin, and by others,
625.
626.
a Sponge or the secretions of HydroI
I
zoans
'
The Corals of the period include
'
((
Cyathophylloids, a tube that dates
from the early Cambrian, massive
columnar Corals of the genus Oolu?nnanci, and species with quadrangular
cells, of the genus Tetrad am - this

name, from the Greek for four, re
ferring to the form of the cells (see

I

"

.V

025, Girvanoila oceliata; 620, interior enlarged.
Fig. 707, page 511, for a Trenton Fig.
Y
species).
One of the Cystoids is represented in Fig. 628, and the body of a Crinoici
in Fig. 627. The stem is wanting in each.
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1. Molluscoids. - Fig. 630 shows a branching coral-like species of Bryozoan,
Sulcopoi'a 'enestrata H., and Fig. 629 one of the reticulate kinds, Subretepora
627-638.
68

(1

\

1134

I)
,/
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CRnorns. -Fig. 627, Palsuocriniis striatus; 62, M1uestitt Murehisoni. MoI.LrscoIPs. -@29, Subretepora
Incepta; 680, Sulcopora fenestrata; 681, Orthls costalis; 632, StropIio!uena pli(ira; 68.3, Rhynchoriella
plena. MOLLUSCS. -634, Maclurea magna; 685, M. Logaul (x ); 635 a, operculuin of same; 626, Scalites
angulatus; 637, Bucania rotundata. CttrSTACEAN$. - 6.38, Leperdltla Canadeiisis, var. nana. Figs. 627,
628, Billings; 629-634, and 626, 637, hall; 635, 035 a, Salter; 638, T. R. Joues.
Some of
incpta H.; and Fig. a for each is an enlarged view of the surface.
the common Brachiopods are Ortitis coslalix Fl. (Fig. 631), St rophoniena (?)
piicfera, H. (Fig. 632), and Rliynchoneiia plena H.
639.
2. Mollusks. -Figs. 634 to 637 show the forms of
various Gastropods; 631 is the very abundant Mac

H
- -,
Amphiun CanalonsIs.
Billings.

lurea mayna; it is often eight inches in diarneter.
635 is a view of another species which shows
also the opereuhim closing the aperture; and 635 a
is the separated oJ)erelllum.
Fig. 637, Bucania. rot unis
to
data,
related
Bel/erophon.

3. Crustaceans.-- Ostracoid Crustaceans or the species Leperdilia (Juncvdenis (Fig. 638) are common.

Several Cambrian genera or 'I1iiloliites, DiceUoeephulu. and others, had
disappeared, Bathynrus had lost theu prominence it had in the Calciferous
era, and the genera I1lcnns, Asupiws, (7eraurus, Am.phion, were continued
on with new species. Fig. 639 represents the pygidium of an Aniphion.

1. Rhlzopods. - Girvanella of Nicholson and Etheridge (1878), made by them doubt
ingly Foraminiferous, includes, according to its describers, StrepiwelLetus (Figs. 625, 626)
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of Seely (1885), who referred it to the Sponges, and Siphonema of Burnemann (1886),
who placed it among the Alga. It is made a calcareous Alga by Rothpletz (1891).
2. Spongiozoans. - Eospongia (Astylospongia) Ra'meri B. and E. varians B. occur
at the Mingan Islands.
3. Actinozoans. - (Joinninaria incerta B. and C. parva B. ; the Cyathophylloid,
St'reptelasma expansion II. ; Montwulipora patula B., M. adharens B., from Canada.
4. Echinoderms. -(1) (Irinoids. - Palaocrinus striatus (Fig. 627), the body, showing the five radiating ambitlacral grooves at top; Biastoidocrinus carcharidens B.
(2) Cysloids. - J!alocystites Murelilsoni B. (Fig. 628) has the body nearly spherical
(whence the name, from the Latin nzalnm, an apple), the ainbulacral grooves irregularly
radiating ; ill. Barraiidi B., Paiwocijstites tenuiradiatus B., which is common, and has
been identified but doubtfully, from crinoid stems from crystalline limestone of West Rut
land (Am. Jour. &., III. iv. 133) ; also P. Dawsoni B., P. pulcher B., P. C'hapmani B.,
from Canada.
5. Molluscoids. -Other species are Pi afinesquina incrassata H., which continues into
the Trenton Strophomcna (?) plic. era II., 1?hynchonella acutirostris H., B. altiUs H.,
Ratuu'squ?na jascuUa 11., in the Upper Chazy ; Linqula L?/el?i B., L. Huronensis B., etc.
Orthis iniperator B., a species nearly Ii inches across.
NOTE. - Hall proposes (1892) the generic name Rfluiesquina for the species of Stropliomena of the type of S. alternata, restricting the name Strop/wmenct to resupinate species
like S. pianwmbona. He applies the name Leptuna to forms like S. 2-ho inboidaiis, and
restores Pander's generic name Piectamhonitrs to species commonly known as Lepta'na,
as L. sericea and L. transversalis (Hall, Pal.
L, vol. viii., Genera of Paleozoic Brachi
opoda, 1892).
0. Mollusks.-(a) Lct'melUbranchs. - Cpricard(tes (Vanuxemia) Montreaiensis B.
- a species nearly 1 inches long.
Besides the species figured, other common kinds are 1?aphistorna
(b) Gastropods.
Pienrotomarta
biangulata FL, P. antiquata 1-I., Bucania suicata (Bucania
plamstrwm H.,
from
differs
Bellerophon only in having the outlines of the spire show externally on
either side). 1fetoptoma dubia H., Platiiceras auriformis H.
(c) Cephalopods. - Ort.hoceras rectiannulatum H., also found in the Birdseye lime
stone ; 0. tenuiseptum Fl., septa very thin and rather crowded ; 0. velox B., Montreal,
Mingan Islands ; 0. difficlens B., Mingan Islands; 0. Allumettense B. (which is also a
Black River limestone species).
7. Crustaceans.-The Trilobites, IUa'nus Areturus FL; Asaphus obtusus H., A. (Iso(ems) canaiis Conr., New York and Canada, A. marginalis H., and also Quebec group
of Newfoundland. Batluinrus AngeUni B.; ('eraurus Satyrus B., at Montreal. The
earlier genera, Diceilocephalus, Crepieephalus Menocephalus, Bath ynreilus, Loganellus,
Xileus, are not. represented, so far as known, in the Chazy or later periods.
The Ostracoids, Leperditia Canadensis Jones, Fig. 638, from Grenville, Huntley, and
elsewhere in Canada; L. aniygdaliua ,Jones, from near L'Original, Canada.
In the gorge of the Kentucky River, near the mouth of Cooper's branch, Ulrich reporta
a limestone stratum (150' thick) as affording the Chazy species Maclurea maqna, Rap/i
istonia planisiriu?n, 1?hqnchoneila dubia II., Suicopora "fenestrata, Leperditia Canadensis,
with Orthis subdrquata Conr. a Trenton species, Orthoceras explorator B. a Quebec species
and 0. furtivum B. a Calciferous species; with also species of Bath yurus, Dalinanites,
Pterotheca, and the Trenton Bryozoan Mitociema cinctosuni Ulr.
Other species described by Billings, in Can. G. Rep. of 1803, are Monttculipora (Sten
opora) fibrosa ; Rhynchonella orientalis, Ca,,mrella varians, C. longirostris, On his platys,
0. borealis, 0. Fonda, 0. acuminata, 0. dispanilis Con. (from the Chazy and Trenton)
Pleurotoniania calyx, P. docens; I/hun its qlobosus, I. Bayfield(, Sphwrexoehus parvus
us.
(from the Chazy and Black River), !Thr'es anliquat
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2.

T .RENTOl-1 PERIOD.

1. Trenton Epoch.
'!'wo of the forms refened to Algce or Seaweeds are here r~pre
sented. They are much like t he so-called F ucoids of earlier and later t une;
but whether of veget.1.ble origin is questioned.
PLANTS. -

«4 1.

640.
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A.l.o&. - Fig.

~o. Butbotrepbls gn:aclll&; G.& I, B. aucculcnll.

llall.

Specimens of supposed terrestrial pla.nts have been reported from the
Cincinnati beds of Ohio and Kentucky; but no certa.in evidence from fossils
of vegetation over the land had been found up to the year 1894.
64.2.

A~ Dt ALS.

04$.

1. Spongiozoans . - A la.rge branching ll exat"tin llid • pon~e
Brachiospongin digitate£, from the T r<•nton of K~nt\u•\<y ant\ Tt.•ntwsst'l' , is
represe nted in different pos itions iu Figs. (j4:J. G4:3. 'l'lt mttnh •r of :-;hot·t
branchings varies ft·om 8 to 12, antl sp<'t.:i mens having 12 an' :o;ouwtim(•:;
10! inches in diameter.
2. Hydrozoan& are representtld hy Graptolites (G-J7, a) ant.l ~tro matopori<ls.
3. Actinozoans comprise Cyathophylluitl Cora.ls lil<e Fig. (),14, treptelwmw
corniculmn H.; a nd t:J.bulate Co rals as C'olwnwctl'ict ((l1Jeolutn l L, - th\l t.t' rm
tabulate referr ing to the horizontal partitions seen in ve rtical sections of t h o
colum nar cells ( Fig. 645).
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There were also many of the
minutely columnar Corals, of the MonticuUpora family, differing from Ghtetes, to which genus they were formerly
referred in having the columns
separable. Prasopora lycoperdon, Fig. 646,
is a hemispherical species, having the structure shown in
Fig. 646 a; others
are branching and foliaceous forms.
The branching Corals which form
the crystalline points called
"birdseyes" in the Birdseye limestone are
644-851.
e44 -.
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L

R&rnA'rEs. - Fig. 644, Stroptelasma corniculum; 64, Columnarla niveolath; 645 a, surface showing cells; 646,
Prasopora lycopertlon; 646 a, transverse section of same; 647, portion of Diplograptus amplexlcaulls; 647 a,
same enlarged ; 648, Paltaster matutinus; 649, Tiuniaster spinosiis; 650, Taxocrlnus elegans; 051, Pleurocystites ftlitextus. Figs. 644, 645, Hall; 646, 647, Meek; 648-651, Billings.
referred to the genus Tetradium, distinguished by its four-sided cell with four
points within it, as in Fig. 707, page 511. These peculiar fossils were first
called Fucoids by Conrad, and later named Phytopsi' cellulosa by Hall, the
generic name referring to the resemblance to plants.

4. Echinoderms include true Crinoids (Fig. 650), Cystoids (Fig. 651),
Asterioids, under which are true Starfishes (Fig. 648), and the Ophiuroids
or Serpent-star (Fig. 649).
5. Molluscoids. -Three species of the Trenton Bryozoans are represented
on the next page from a memoir by TJlrich (1893); Fig. 652, of a Stictoporelia,
size, and 653, a portion between two
represents the retifornl frond of natural
of the spaces much enlarged, showing the cells. Fig. 654 is a jointed branch
natural size, and 655 represents three joints
ing form from Ottawa, Canada,
much enlarged.
On page 507 are figures of common Trenton Brachiopods of the genera
The figures are mostly from specimens
and species named underneath.
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obtained in the beds of Cincinnati of the Hudson period, and in part differ
somewhat in habit from those of the Trenton limestone.
652-655.
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.Bnyozoiis. -Fig. 652, Sttotoporella oribrosa (1); 653,
(x 18); 654, Arthroolema BlllIngsi (1); 655, A. corniii
(x ). UIrLoh.
(III

Mollusks. - Some of the Lamellibraiwhs are figured in Nos. 670-672, and
6.

1
'
1
..

p

also 709-712) (page 511); and (astropods in
Figs. 673-681.
Fig. 673 represents a
phistonta ; 674, 675, species of the genus
i1irc1osoioa ; 671, 678, a J3elleroJ)llon in
different views; and 679-681, species (if
the related genus Qyrtolites, symmetrical
shells of swimming Mollusks, related to
the modern Atlantis (I leteropods).
l'tOl'01U)dS were represented by Species
of Ptero(heeo and of Gwi elena
in the

latter, the shell admits of some movement along vertical sutures (Fig. 682').
A. few of the shells of Cephalopods are represented on page 508 : Fig.

683, Ontliocci-es jueeeum IT. ; the cross-lines representing the partitions or
.septa, and Fig. a, a transverse seei ii, showing the position aini size of
the siphunele. Fig. 685, part of the shell of Actiiiocera, Biqilo,i of lruiiii
(1837); the whole length of the shell when entire was over a foot ; the

view is of a section showing the large beaded siphunele within ; 686, (i,r1ocera. .9ubannukiluin D'Orb. ; and 687, 688, species of Tir/wlite, T. unilulus
and T. Aminonius of Conrad.
In another genus, Endoceras, from the Black
River limestone, some specimens have a diameter
exceeding a foot. and a
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length of 10 or 12 feet. They were the
largest and most powerful animals
of the seas ; but
must have been much encumbered in locomotion
they
by
4-1
.... li i___
IJiiU LIU[t4 UUiIii/ Shell.
056-669.

/

/
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;
BlzAcn awoDs. - !'.s 66, 657, Orthfs tntvsit,hlit) lilfornta ; 658, 0. ncekkntnhis; f'5), U. testudinaria ; 660,
0. trlierurh 661, L4hItlt":la Pk.cthrnhnuhtcs) srIrtI 66, Ltptwiiu rIitihhIahi ffl. Strophonienu (Rafin esq oh liii) :6 terli:ita 164-166, RhrnehionelIa eu ax ; 667, (7 a, ( eIi 96r;l I kiI I(ltt:L 66$, Seb Izocranja illosa
6139, Llngithi iiIiailr:ita. Figs. 656-666 h'rurn Meek ; t7-669, oiIl 111111.
670-682.
a

67

674,

Ak

7)

676

673

6TS
6SO-

II I ii
N1,1
4

A

LAMBLLIBRANCfl8.-Fig. 670, Pterlnoa Trontononsls; 671, Ambonychla bellistrlata; 672, Telllnomya nasuta.
GASTROPODS. -Fig. 678, Raphistoma lenticulare; 674, MurchlsonlaMllieri 675, M. belilcincta; 676, Relent
oma planulata; 677, 678, Bellorophon b1Iob tus; 679, CyrtoIItes comprossns; 680, 681, 0. (?) Trentonensis;
682, a, b, Con niaria Trontonensis. Figs. 670, 671, 077-682, Hall; C7, Billings; 678, 675, Meek; 674, 670, Salter.
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of which
The genus Orthoceras had many later species. But Endoceras,
there are over twenty described American species, began in the Canadian
and ended in the Trenton period.
683-688.
683
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CEPHALOPODs. -Fig. 688, a, Orthoceras junceurn; 684, 0. olorus (x%); 685, Aetinoceras Bigsbyl; 686, a, Cyr
toceraB subannuiatuin D'Orb. ; 687, Troeholites undatus; 688, T. Aiiiwonius. Figs. 688-687, Hall; 68, D.
7. Crustaceans.- Trilobites were of varied forms and many new genera;
Asaphus, a Calciferous genus, holds on; and so also Iikenns, Geranrus, and
Bathyurus; the latter two have their last species in the Trenton.
Fig. 689
represents Asaphus platycephalus, from Trenton Falls, N.Y., which is often
689-693.
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CRTBTMJEANS. - Fig. 689, Asaphus (Isotclu) platycc1)llalus (x %); (190, a, Calymeno
691, Uchat
Trentonensis; 69, Trthucleus concontrlous; 698, a, b, LeperdL1n (abulites (naturalcailkephala;
size). (189, 69, hail;
690, 692, Meek; 698, T. R. )one
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eight inches long; Caiymen,e (Figs. 690, a) is still more common, - 690 a
showing it rolled up, as is often the case (like a modern Oniscus among
Crustaceans); 691, a Lichas; 692, Trinucleus concentricus (the name referring
to the three proluinences on the
head, and its fillet-like border);
694.
all are found at Trenton Falls.
p
Another common Trenton species
is the Ceraurus pleurexcinthemus
Green.
Fig. 694 represents an
under view of the shell -the ex-

uvia of the Trilobite.
Walcott
states that out of 1160 specimens
found by him, only 0 lay with
the back upward, - a natural consequence of their being mere empty

-

/
'

-

-

-Wt, 7*

-

exuvi, as they would be likely to
float like a boat, with the concavity

-,--

I

-T. -

-.

upward.
Crustaceans of the Ostracoid
tribe are not rare. A Leperditia
is represented in Fig. 693.
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm
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8. Fishes.- Remains of Fishes,
the earliest known Vertebrates, occur TRILOBITE.
-Fig. 694, Ceraurus pleuroxanthemus, under
in rocks of the Trenton period,
surface, natural size: 2, the hypostorne; 4, 5, occipital
depression and cavity; a, b, C, d, depressions In the
The discovery was announced by
shell of the thorax; e, free plourw. Walcott, '75.
The fossils are
Walcott in 1891.
Most of them are the
abundant in sandstone near Cafion City, Col.
about half an inch across. Of
plates and scales of Ganoids, the largest
895.

695 a.

:

695-897.

698.

e..

.
697a

-

697.

'c-

REMAINS OF FISHEs. - Fig. 695, Astraspls desiderata, dermal plate; 695 a, Id. (x 3); 696, Eriptyohlus Americanus (x 4); 697, 697 a, Diotyorhabdus priscus, supposed notochord .Walcott.
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these plates, two, represented enlarged
Placoderins (see page 417), the group
previously known, those of the Upper
scales, Fig. 696, have the markings of a

in Figs. 695, 695 a, are referred to
which comprises the oldest Fishes
The
Silurian and early Devonian.

typical Gaiioid, much like those of
the genus Iloloptychius, a fonn not fouiid hitherto in beds earlier than the
Middle Devonian. Besides these, there are remains (Figs. 697, 697a) of
what are supposed to be the ossified sheaths of the notochord of a species
of the Shark tribe related to the Chinuera (page 416).
The beds affording
these remains of Fishes contain many other fossils that are referred to
the Lower Trenton, and are overlaid by others carrying Upper Trenton
fossils.

2. Utica and Hudson Epochs.
Graptolites abound in the shales of the Utica and Hudson groups,
especially the former. Thirty species or more have been described from
the Utica slate, and some of these are represented in Figs. 698-702.
699

698-703.
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698

U
700

GRAPTOLFFES. - Fig. 698, Lasiograptus (Diplograptus) mucronatna; 699, Conograptua gradilla; 700, ClIma
cograptus bicornis; 701, 701 a. nipiograptua pristis ; 702, Dicranogriiptus tamosUS. ASTEILLOID. - Fig. 708,
Pabeaster Jamesi. Figs. 098-702 from Hall; 708, J. G. Anthony.
Corals occur of several genera.
Favis(ella, Fig. 704, is a massive Coral,
with crowded stellate cells. iIa!,siIes, Pig. 705, grew in vertical
plates, iiitersectimig one another; in a transverse section the cells look like the
loops
of a chain, whence the common imaine chain coral.
Another Cur:tl grew in
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clustered stems, Fig.
0 706, with the cells above stellate. A species of Tetra
T. fibratuni of Tennessee, is represented in Fig. 707.
Minutely columnar Bryozoan corals of the Monticulipora tribe were
very numerous, 70 or 75 species having been described from the Cincinnati
beds.
704-708.

.
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Fig. 704, Favlstella stellath; 705, Halysltes gracilis; 706, Sarcinnla (?) obsoleta; 707, a, Tetradluin fibratuin;
lOS, Glvptocrinus (lecadactyius. Hall.
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The Echinoderms included. Crinoids and Cystoids of several kinds. Fig.
708 represents a line Glyptocriuns, one of the most common; and Fig. 703, a
Two
remarkable Star-fish from the Cincinnati beds, Paicaster Jamest P.
other fine Star-fishes from the same locality (P. Dyeri Meek and P. magnflcus
709-712.

709

%\\

711

Tf
E

-

-

/

LAMELLIORANCIIS. - Fig. 709, Avlcula domissa; 710, Ambonychia rdiatll; 711, Modloloj)sIs modlolariB (x );
71t, Orthodesnia parallelurn. hull.
Miller) have a diameter of about six inches. Bryozoan corals also are common in the Cincinnati beds.
713.
The Brachiopods are nearly the same as in the Trenton.
Lamellibranchs are rather common, they being usually
/
in
lime
than
sandstones
more abundant in shales and shaly
7".
709-712.
stones. Some of the kinds are shown in Figs.
673-675 Head-shield of Triar- Of the Gastropods re1)resented on page 507, Figs.
thrus Beckli.
is true of the
the
same
and
are also Hudson group species;
Of Cephalopods, the Cincinnati
Lituites (Trocholites) Ammonius, Fig. 688.
5 of Endoceras, 4 of Lituites,
beds have afforded 13 species of Orthoceras,
and 10 of other genera.
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The Trilobites include Asaphus platycephalus, Fig. 689; a still larger
of Fig. 690, Lichas
species, A. megistos Locke, over a foot long, the Galymene
of Fig. 691, and Trinucleus of Fig. 692.
remains
The most common species is the Triarthrus Beckii, and the
in Fig. 113. The
usually found are simply the head-shield, represented
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714.

Tgn.oarrzs. -Fig. 714, Trlarthrus Beckli, nat. size; 715, a to i (x 8), young of same, at different stages of
growth; a, the youngest stage (x 15). Fig. 714, Beeoher; 715, a to i, Walcott.
nearly entire Trilobite, having its tentacles and many of its legs protruded,
found as yet at but one locality on the continent, - near Rome, N.Y.,
is shown- in Fig. 714, from a sketch by C. E. Beecher. Less perfect speci
mens, from the same place, as figured by
Matthew, are represented on page 422.
The legs of the left and right sides of
Fig. 714 are from two different specimens,

716.

ell
B

\

'\
\
\
\

FIg.716. A,B,iegofTrlarthruaBeckjj(x12);
A, leg with the setw removed to show the
articulations, en, the main stem of the
leg (endopodite); ex, the natatory branch
(exopodite). Beeclier.

but are not

in

any respevt 'restored."
Each has, as made known by Beecher, two
branches, and one of them is
717.
fringed, and thereby natatory
°
in function.
The natatory
branch is strictly an appendage to the basal joint of
the other branch, which is the
A i.i.
TirJL1
'71t
ULW hrr
I LU .11
LiUë
L.5.
fringe is removed to show
the articulations; in 716 B

Embryonic form
of Trlarthrus
Beckil (x 80).
fl

the limb is in its entire state.
Beecher's observations make
certain the close relations of Trilobites to Isopod Crustaceans, as stated on
pages 421, 422.
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Under Fig. 715 are figures of the
young Trilobite at different stages of
growth, as made out by Walcott - all magnified three times
excepting a',
which is the stage a magnified 15 times. In
this young stage the thorax
has but one thoracic segment, and this has a
short spine on the back; the
following five segments are abdominal. The other figures (b to i) have an
increasing number of thoracic segments. Walcott figures 12 of these stages
of growth below the adult, and nine are here
Beecher has
reproduced.
observed a still younger stage having no thoracic
segment, represented, mag
nified 30 times, in Fig. 717.
Other genera of Trilobites of this
epoch are Ceraurus, Acidaspis, Proetus,
Dalmanites, and Cyphaspis.
S

718.
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I
CIRRrPEDS.-Fig. 'fl8,
Turrilepas Canadonate, a single
plate (X 5),

Besides Ostracoids of several genera, there were also
the first known species of the Barnacle or
Cirriped tribe
- the
Ttrilepas C'anadensis Woodward.
The specimen
figured (Fig. 718), rep
resenting one of the
719.
5 6
pieces of the shell, was
c
from near Ottawa, Can
a
ada.
The Utica slate has

afforded the first specimens of the Euryptes
rids -species remotely
related to Crustaceans, and peculiar in
having five pairs of large legs projecting
either side of the head whose basal joints
Fig. 'flC, Leg of Echtnognathus Cleveladt.
Walcott.
serve as jaws (page 556). Fig. 719 represents a leg of one of the pairs; and as
it is half the natural size, the whole animal was probably more than a foot

long. Its fringe of spines aided it in swimming, and perhaps also in securing
its food. Entire specimens of other species of the tribe are shown on pages
556, 564.
Characteristic Species.
1. Trenton Epoch.

1. Spongiozoans. - 1?eceptacuiites Owe.ni H., characteristic of the Galena limestone,
with R. glohularis H., B. Io'wensis Owen. Astylospongia parvula Bill., near Ottawa City,
Canada; Brachiosponyia digitata (Fig. 642) is from a paper by C. E. Beecher, which is
illustrated by 6 plates, published by the Peabody Museum of Yale College. The species
was first described and figured by Troost in 1839; named Scyphia digit ata by D. D. Owen
in 1858, and Brachios'poiigia Boemerana by Marsh in 1807. Beecher also describes in
the same paper two other species of Sponge under the generic name Serolnlosponç,na;
they occur with the preceding. The most recent observations of Rauff make the supposed
relations of the Receptaciulites to the Sponges very doubtful.
2. Actinozoans. - Fig. 044, Streptelasma corniculum H., S. profundurn Con., Trenton
limestone; S. apertum B., Black River limestone. Fig. 645, Columnaria alveolata Goldf.,
Black River limestone, and Trenton; C. Haul Nicholson, Kentucky; C. calicina Nicholson,
DANA'S MANUAL-33
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from Kentucky; Figs. 646, 640 a, Prasopora l!IcIJ)rrdon; Halysites cate,nilatus or related,
Galena limestone, and in Canada; Tetradiun eoiuinnare 1-1., Tennessee.
3. Hydrozoans. - Fig. 647, Dipinyraptus umplexicaniis I-!., New York and Tennessee;
647 a, enlarged; Cli'macograptuS; StromatoCeri u in pustulosum Saff., Tennessee. Solenolike a pebble, and a
pora compacta B., Canada, eastern New York, Kentucky, looks
limestone made largely of them resembles a conglomerate. It occurs abundantly at
Pleasant Valley, in Dutchess County, N.Y. (Dwight).
4. Echinoderms. -Fig. 648, Palttastcr matutinus ii., of the Trenton ; 040, Taniaster
spinosus B. ; the Crinoids, Taxoerinus elegans B. (Fig. 650), Agelacrinus Billings! Chapman, Glgptocrinus decadactylus 11., Kentucky, S'c1zizocri.nns flothSUS I-I., Ileteroerinus
Canadensis B.; also species of genera ilybocrinus, Porocrinus, Pakcocrinus ; and the Cystoids, Comarocyst lIes Sh.um.ardi M. & \V., Missouri, C. punetatus B., Canada; Dendrocrinus
retractilis Wale., Trenton Falls, Calceocrinus Barranilci Wale., ibid. ; Merocrinus el/pus
Wale., ibid., locrinus crassus FL, ibid. ; Fig. 651, Pleurocystites jilitextus B., Aniygdalo

cyst iCes, Kentucky.
5. Molluscoids. -(a) Brl/ozoans. -Species of Stictopora and Ptiiodictya (related t
H.
Figs. 629, 630) are common; Clatliroporajlabellata It. ; Stomatopora arachnoidea
oceidentalis H.
(b) Brachiopods.-Figs. 65(1, 657, Orthis b!forata SchI. ; 658, 0.
0.
sn
bquadrata H.,
659, 0. testudinarfa Dairn. ; (160, 0. tricenaria Con., 0. disparilis 11.,
and others; 661, Leptna (Plectambonites) sericea Sow.; 6(12, Leptcena ,'hOlllbOiflUhis Wile.
663, Strophomena (Bafinesquina) alternata Con., S. incrassata II. ; (164-666, Rhyncitonella
668,
capax Con. ; 667, 667 a, C'yelospira bisuicata Einm. ; Z!/gospira modesta Say ;
Sehizocrania filosa H. ; Crania scabiosa II., Galena limestone; 669, Lingula qua(lrata
Eichw., and other species; also species of Orbicuioidea, irematis, etc.
6. Mollusks. - (a) Lamellibranehs. - 7'ellinomya alta H., Wisconsin, etc. ; 1mRiver
bonychia attenuata H., Wisconsin, and others ; Gonocardium im,naturunt B., Black
Wisconsin,
limestone, Ottawa ; Jiodiolopsis faba 1-I., M superba Bill.,
etc.; Cypricard iCes

.Mota U., Wisconsin, C. rectirostris.
(b) Gastropods. -Fig. 673, Raphistoma ient(culare Emm., very common; F/euro
tomaria subconzca 1-I., and other species; 674, Murchisonia Miller!; 675. JI. bellicineta
H., often 4 inches long, 11. yracilis I-I., AT. trfcarinata F!. ; 676, Heiieoto,na plan ulata
Salter, Canada, Cycionema bills Con., Ophileta Owenana M. & \V., Galena limestone
67), Bellerophon bilohatus Sow., common ; (178, same, side view; 679, Cyrtolites cornpressus Con.; 680, 681, Cyrtolites (?) Trentonensis Con.; species of ifetopti'?na, a genus
which began in the Cambrian, Holopea, Troc/ionema, Eunesna, Subulites, etc. Maclurea
magna (Fig. 634), Trenton of middle Tennessee (Safford) ; (SThiton Canadensis B. is a
Metoptoma, Black River limestone, Canada.
(c) Pteropods. - Pteropods were represented by the earliest known of the straight,
slender shells called i'entaculites ; T. incurvus of Shuniard is from Trenton beds in
Missouri and T. Sterlinqensis and Osweqoensis of M. & \ri.tlii,ii and T. Rich inondenszs
of Miller, from the Cincinnati group. There were also ('onu1arii, and species of the
Theca family. Fig. 682, Conularia Treutonensis It.; Picroth era attenuata 11. ; Theca
pareiuscvla 11., Wisconsin; ilynlithes, frequently having septa within in the smaller
extremity.
(d) Cephalopods. - Fig. 683, Ortiweeras ju nceun 1!. ; 0. anelium
(Cycloceras
anellurn of Hyatt); 684, 0. oiorus II. ; (185, Aetinoceras Bigsbyi of Broun is Ormoceras
tenuifiluin of Hall, from the Black Iliver limestone ; good specimens show a transverse row
of foramina in each of the subdivisions of the beaded Sil)hUflClC, ewiunon in Ihe Black
River limestone ; Endoeera,q proteilonne 11., Conwceras anceps II. Endoeerts (pas,
horn, and hop, within) has a concentric structure of cone within cone in the siplnmnrle.
Fig. 086, Cyrtoceras subannulatnm l)'t )rb. ; a, a transverse section ; Fig. 087, Troch(,lites
undatus Hyatt = Lituites undatus Flail, from the Black River limestone, referred to
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Troclioceras of Barrande by Foord, and named T. ilaili Emm. ; Fig. 688, Trocholites
Ammoujus Hall, from the Trenton, at Middleville, N.Y. Whiteaves has described and
figured several species of the Orthocera family from Manitoba, from the vicinity of
Winnipeg Lake and elsewhere (1801).
7. Worms. - &rpulites dissoiutus B., Trenton, Canada; SaUerella
Bilhingsi Saff.,
Tennessee.
8. Crustaceans. -Fig. 689, Asaphus piatycephains 1)eKay ; Fig. 600, Galymene call
cephala Green ; Dalmanites (Phacops) callicephalus If. ; Fig. 691, Liclias Trentonensis
Con. ; L. cucuiius M. & W., Illinois; Fig. 692, Trinucle,,s concentricus Eaton ; Geraurus
plenrexanthemus Green ; Iilanus crassican,Ia Wahl., New York and Illinois; I. Taurus H.
Other genera are Bathyurus, Triarthrus, Acidaspis, Encrinurus, Harpes, Proetus.
Fig. 093, Leperditia fabulites Con., New York, Canada, and Tennessee; L. arm ata
Wale. ; L. Canadensis Jones; Beyriclita bella Wale., Trenton Falls.
9. Vertebrates. - For Walcott's account of the discovery of the remains of Fishes in
the Trenton of Colorado see Bull. Geol. Soc., iii., 153, March 15, 1892. It was announced
to the Biological Society of Washington, at a meeting, February 7, 1891. The remains
were first found in the Harding sandstone, near I-larding quarry, within a mile of Cañon
City. They also occur in Helena Cañon, 18 miles to the north-northeast. The section at
the latter place, above the Arclnean gneiss, consists of 22k' of arenaceous limestone with
thin layers of chert, containing Upper Cambrian fossils; 51' of a similar rock, with Cal
ciferous species, of the genera Ophileta, Straparollus, etc. ; 101' of sandstone - the Hard
in- sandstone - containing the plates of Placoderms and Lower Trenton fossils; 110' of
massive arenaceous limestone; a thin band of Carboniferous limestone. The section is
repeated many times in the caflons, removing all doubt, says Walcott, as to the strati
graphic position of the Harding sandstone. There are no strata of the Upper Silurian or
Devonian series at either of the localities.
The characteristic species of the Galena limestone include Receptaculites Oweni H.,
lialysites eatenulatus, Linguiela lowensis Owen, Clitambonites Americanus Whitf., Mur
chisonia major ii., Fusispira ventricosa H., F. elongata H., Jlaclurea cuneata Whitf., .211.
subroluncla Whitf.
2.

Utica and Hudson Epochs.
Figures representing the supposed terrestrial plants described by Lesquereu.x from
the rocks of the Cincinnati group near Cincinnati, 0., and Covington, Ky., are contained
on page 198 of the last edition of this work. Dr. Newberry, after an examination of the
specimens, published the same year his opinion against them.
1. Spongiozoans. - Uyatlwphycus reticulatus Wale. and C. subsphericus Wale. from
the Utica slate, Oneida County, N.Y. Trans. Albany Inst., x., 18, 1879. Species of
Pasceolus, Astylospa ngia, Mierospon yin, l?eceptaenlites, Brach iospongia.
2. Actinozoans. - In the Hudson beds, F'ivistella stellata II., Fig. 704 ; several species
of Columnaria; Cyathophylloids of the genus Pet raia, as in the Trenton; also of the genus
Zaphre.ntis, Z. C'anadensis B. ; Hal sites ç/racilis IL., Fig. 705, from Green Bay, Wis.
Sarcinula ? obsoleta If., Fig. 706 ; Tetradinnz fibratum SaIL, from Tennessee, etc., Figs.
707, 707 a; T. cellulosum, the Birdseye species from Kentucky.
3. Hydrozoans. - The species of Graptolites figured on page 510 are a few from the
large numbers afforded by the Utica and Hudson shales. Time specimens for figures 699,
Canof/raptus qracilis, and 702, Dicranogroptus ramosuS, besides others, were from the
Normanskill shales near Albany. The age of these shales has been questioned by Lap
worth on paleontological grounds (Trans. Roy. Soc. Canada, iv., pages 167-172). The
New York State geologists have considered the beds to be equivalent to the IllLdson River,
or the Utica shales, or to both. Lapworth refers the Graptolites to his "Cwnograptus zone"
of Llaudeilo age, equivalent to the Black River and Trenton ilinestones. The same beds
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at Cincinnati, holding Ca?nograpus yracilis and three other species of Normanskill Graptolites, also contain Triarthrus Beckil and other characteristic Utica species (Ulrich, Am.
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Geol., i.).
4. Echinoderms. - Among Crinoids, Fig. 708, Glypeocrinus decadactylus 11., not
uncommon in New York, Ohio, Kentucky, and other states; also Dendrocrinus ('in
cinnatiensis Meek, and species of the genera Heterocrinus, Porocrinus, Ca rabocrin us,
1?eteocrinus, Ganistrocrinus, Stenocrinus, Ohiocrinus, focrinus, Anomalocrinus, Mero
crinus. Fig. 703 represents a large Star-fish from the blue limestone of Cincinnati, as
figured by J. G. Anthony, the original of which was 4 inches across.
There are also Cystoids of the genera Aqelacrinites, Lichenoerinus, liemicystites, all
sessile species, and in this respect Actinia-like; also Star-fishes o the genus Paiwaster, etc.

5. Brachiopods. -The figures of Brachiopods on page 507 are from specimens
obtained in th Cincinnati beds. Other characteristic species are Lingula quadrata,
Crania scabiosa, Zygospira modesta.
6. Mollusks. - (a) Lameliibranchs. - Gypricardites SterUngensis M. & W.
(b) Gastropods.- .Lllurchisonia Miller IL; Cirtoiites ornatus Con., near Fig. 070 ; C.
imbricatus M. & W., Illinois; C. carinatus Miller and others; Ci,cionerna bitix Con.; C.
Cincinnatiense tTlr., etc. ; Pleurotornaria Ohioensis I-I., etc. ; (Jyclora parvula I-I. ; also
species of the genera Trochonema, Helicotona, Metoptorna, etc.
(c) Pteropods.-Species of Tentaculites, 7 tenuistriatus M. & W., and 7 Osu'egoenfs
M. & W., from illinois, in the Cincinnati group ; Theca parviuscula, H. ; Con ularia for
inosa M. & D. ; C. Trentonensis H.
(d) Cephalopods. -Some of the species, besides those figured, are Orthoceras amplicameraturn H. ; 0. corallferurn (4 inches broad) ; 0. transversurn Miller; Gomphoceras eos H. & Whitf., from Cincinnati; Actinoceras (Orinoceras) crebnisepturn Hall;
Endoceras proteforne 1-I.; Troclz olites Ammonius.
7. Crustaceans. - Asaphus platycephalus; A. Canadensis Chapm.
Ostracoids occur of the genera Leperditia, Gytheropsis, Beynichia, Frimitia.
Some of the genera and species from the Cincinnati beds are the following: Ccrnograptus gracilis H., Fig. 699 ; Dendrograptus gracillimus Lestj.; L). tenuiramosus \Valc.
Dicranograptus ra;nosus H., Fig. 702; Dipiograptus JVhitfieldi II. ; D. spinulosus H.
Climacograptus typicalis H.; species of Zaphrentis ; Inocaulis arbuscula ITlv. ; the Trenton species, Gtypeocrinus decadactyius; Ileterocrinus Cana(lensis; II. (jell iculatus;
species of Paiwaster, Protaster, Codaseer; of Lingula, Serophomena, Orthis, Rhyncho
nella, Crania; Tellinomya alta ; Fig 709, Arienta clemissa ; Ambonychia radiata ; species
of Lyrodes?na, Modiolopsis, 0rthodsma; Conularia Trentonensis, C. fOrmosa M. & 1).,
.F'usf8pira terebniform is, Endocerus proteiforme, Cyrtoceras ornat urn ; Trinucle us co ucen
tnicus, Calyinezze Ghristyi H., Dalmunites breviceps H., Proetus parviusculus H. ; species
of Primitia, Beyrichia, Leperditia, Gytheropsis.
In the Eureka district, Nevada, according to Walcott, the Pogonip limestone, which
rests on the Cambrian and is 2700' thick, contains in the lower part a mixture of Pot.sdam
and Silurian species; the genera Dicelloeephalus, Agnostus, Plychoparia
being largely (level.
oped, and some species identical with Wisconsin Potsdani species; and with these are
Acrotreta gemma and some other Calciferous species; but above the middle of the
Pogo.
nip beds the characteristic Cambrian features are absent, and there occur the genera
.Receptaculites, Monticulipora, P/eu rotomania, Macturea, Cyphaspis, Bathurus and
Asaphus; and still higher the genera Orthis, Strophmnena, Gyrtolites, Orthoeeras, Endo
ceras, Tellfnonzya, Amp/zion, Ceraurus, Asaphus, Lejn'rdztia, Beyriehia, which
appear to
indicate the horizon of the Lower Trenton, or the Chazy. Between the
Pogonip limestone
and the Devonian there are 500' of Eureka quartzyto and 1800' of Lone Mountain lime
stone, and only Haly8i(e8 catenutatus has been found here. See Walcott,
U. S. 0. S.
Rep., 4to, 1884.
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The fossils discovered by A. Wing in the Taconic formation in the limestone of cen
tral Vermont were from many localities, and were more or less
perfectly determined by
Billings of Canada (1n&. Jour. Sc., xiii., 1877). Some of them are Phuroto;naria stami
,u'a, 1'l'ui'ocyti' ten ufradiatus, Crinnidal disks, and
large specimens of 2tlacturea from
West. lttla,ul ; Trinucieu.q conceiitrjcus from
Uubbardton ; from East Cornwall, Stenopora "nbroz4a, S. PetrOI)otitan a, with species of Orthis,
720.
S(rophconciia, I!JImchoneiia, and Orthoe4'rus, pronounced
Trenton by Billings; north and south of East Cornwall,
r
lIt ynchonilla beds containing pygidia of Trilobites, a large
Jkelurea, J?uchyurus Raffordi ; at. lascomn's Ledge, 3 miles
west of south of Vest Cornwall, 1saphiis canalis, Batliyu
.
ru3 COnidus, J!aclurea matulina, made Calciferous
/
hugs ; east of Shorehamu, JJuth,urus extans, (,'olunjuaria
/
aireolata, !rinucleus cencen(rkus ; in southern Bridport,
I
lsaphus Ca nails, Butliyuri, lketurea mat utina ; in ( )rwell,
Pe(raia ;)) tunda (?), Stenopora fibrosa, and S. Petropo1\
/
litana, Beceptaculiles Xpcuni; at Eulsworth Ledge, 2 to
/'
miles vest of Middlebury, a large Orthoceras, Bath!,urus
- Safrrdi, and from higher beds B. A ugelini, Asaphus ca nalis,
/
7
.Maclura, On/us, L4perditia, Crinoidal steins; 9 miles
north of Midthlebury, the slightly curved Ortluoceras, here
/
figured, natural size, having 40 to 52 septa to an inch (1877);
/
and half a mile to the northwest. a large Mac/urea. For
- /
an account of the discoveries of Dwight and others, see
the references already given, page 40. The discoveries
of Walcott were among the latest, and as they were
made in the typical quartzytc of Vermont almost down
0th
pdmlgenlum 7
to the Massachusetts line, also in the Eoljau limestone
just. west, in Bennington, Vt., Wilhiamstown. Mass., and
in eastern New York, and in other localities in western Vermont and eastern New York,
and thus covered all the Taconic formations, the demonstration became complete that
the Taconic series is simply a combination of the Cambrian and Lower Silurian.
EUROPEAN.
The Lower Silurian series of Great Britain
below, the following groups -

comprises, commencing

slates and flaggy sandstones
The Arenig group (Sedgwick, 1852)
which rest comnformably on the Tremadoc slates of the Upper Cambrian.
The beds occur in North and South \Vales, and have a thickness of 2500
feet in the latter. The stiper stone beds of Shropshire are here included,
and the upper part of the Skiddaw slates. In Merionethshire, North Wales,
the volcanic rocks of this period include a lower series of ashes and con
glomerates, in some places 3300 feet thick; a middle group of feistones
and porphyries 1500 feet thick; and an upper series of fragmental deposits
1.

800 feet.

The Liandeilo flags: sandstones and shales of Liandeilo in Caermar
thenshire, Wales, where first described by Murchison (1834). -In West
moreland and Cumberland, or the Lake District, the volcanic deposits of
this period, but beginning in the Arenig and continuing through the Bal:t,
2.
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miles and have a thickness of about 8000
cover an area of not less than 550
volcanic tufa.
feet; the rocks are felsytes, andesytic and other lavas, and
con
3. The Bala (Sedgwiek, 1838), or Caradoc group (Murchison, 1839):
and sandstones, with some limestone. -The Caradoc
sisting of shales, flags,
Bala, in the Bala
rocks in Shropshire are about 4000 feet thick, while the
and the
district, Merionethshire, have a thickness of only 1100 to 1200 feet,
The
chief limestone stratum is only 20 or 30 feet thick near the middle.

Couiston limestone, the equivalent of the l3ala, has a thickness of 200 feet.
The Upper Coniston beds are Upper Silurian.
In Caernarvonshire, northwestern Wales, great eruptions took place
The
in this period, making eruptive accumulations 6000 to 8000 feet thick.
rocks are porphyries, felsytes, andesytes, besides diabases. Ireland, also,
had its eruptions.

The beds have a thickness in South
The Lower Liandovery group.
Wales of 600 to 1000 feet, but they are absent from North Wales.
They
The
Llando
consist of shales, flags, sandstones, and conglomerates.
Upper
The two were
very is closely related to the Lower in rocks and fossils.
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4.

separated, and the former made the base of the Upper Silurian, by Sedgviek
This arrangement is
in. 1853, who called them the May Hill sandstones.
adopted by Geikie.
The thickness of the Lower Silurian rocks of Wales has been estimated

But over a fourth of this is owing to volcanic contributions,
which, as they are of an extraordinary source, should be set aside in compar
ing the thickness of the sedimentary beds of different regions with reference
to elapsed time.
In the south of Scotland the thickness is over 16,000 feet.

at 25,000 feet.

It is not possible to make out a precise parallelism between the British
and American strata. Approximately the Arenig group represents the Cal
ciferous; the Liandeilo flags, the Chazy; the Bala and Caradoc, the Trenton;
and the Lower Liandovery, the Utica and Hudson beds.

The Lower Silurian and Cambrian formations of Norway, Sweden, Russia,
and Bohemia, which rest upon Archan rocks, have but little thickness
1000 to 2000 feet; and, adding what denudation may have carried away,
4000 or 5000 feet would be a large estimate for the original amount.
In northern and northwestern France, or Normandy and
Brittany, Lower
Silurian rocks occur in a much upturned condition. The grès Arinoricain is
a sandstone, according to Barrois, of the age of the
Chazy and Trenton
limestones. Below it, and also above it, are shales or slates, and those above
may represent the remainder of the Lower Silurian. They are found, also, of
similar character in the Asturias, northern Spain, and in the
Pyrenees.
In Bohemia, the Lower Silurian of the basin of the
Prague is the Stage
D, or 2d Fauna, of Barrande.
It consists of shales, with some quartzyte and
conglomerate below, and has a thickness of about 3000 feet.
In southern Sweden (Scanja), the beds are
mostly shales, many of the
beds Graptolitic, with some limnestoiie; and are divided into a Lower, Middle,
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and Upper Group; and the Christiania district, a Lower Group of Graptolitic shales with sandstone, and an
Upper, consisting largely of limestone
with some shales.
LIFE.
PLANTS. -The figure here given has great interest on account of its
representing a specimen of a Lower Silurian plant above the level of a sear
weed. It is from the Skiddaw slates. A. Nicholson, the discoverer, described
it as a seaweed (Buthotrephis Hark
nessi), and this it may still be. But
721.
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Dawson

refers it, with reason ap
parently, to the I'1arsiIeacea, - at
present fresh-water plants of the higher
Cryptogams. As the group of leaves
resembles the whorl on the stem of an
Equisetum, he named the genus Protan
nolaria, the name implying a relation
to the genus Aunularia of this tribe.
ANIMALS. - The
are
following
Or! his
figures of a few other fossils.
fiabeliuium(Fig. 722) occurs in the Bala
limestone. Orthis eleqaiitula (Fig. 723)
ranges from the middle of the Lower
Silurian (Coniston limestone) to the

Nllh
I a4
3

\\
/

/

Wenlock of the Upper Silurian. The
Ci avia (Fig 724) is fioni the
Rda,1111d/h
A.aphus Powisi (Fig. 726) and Ainpyx

nudus (Fig. 728) are Liandeilo Trilo
bites, and Illnus Davisi (Fig. 727)
irotnnnuiuria llarknessi.
occurs in the Bala limestone.
Fig. 729 represents the telson or caudal segment and appendage of a large
Ceratiocaris, C. Angelini, from the upper member of the Lower Silurian in
722-728.

72 7

728

25
BnAoIuoroDs. - Fig. 722, OrhIs ilabeilnlurn; 728, 0. elegantula; 724, Crania divaricata. LAMELLIBRA1iOH.
725, tJonocardiuin dipterum. TitiLourrEs. -7126, A8aphus Fowisi; 727, IIhnus DavIs!; 728, Ampyx nudus.
Sweden. The length of this Crustacean in its entire state must have been
fully one foot.
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The earliest of known fossil insects is from Graptolitic slates in the upper
It is a Hemipter, and is
of southern Sweden.
part of the Lower Silurian
named by Moberg Protocimex Siluricus (1892).
729.
\..

----

-

-

-

Telson of Ceratiocaris Angdilni, nat. size. Jones and Woodward, '88.
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Characteristic Species.
Great Britain. -Arenig group. -The Skiddaw slates of the Arenig group abound in
Graptolites of the genera Dipiograptus, Climacograpt us, Didymo,raptus, Ph yiio, rapt us,
Dendrograptus, etc. Other prominent genera and species of the group are Ortliis ealli
gramma, Oboleila plicata, Lingulella Davisi ; Pleurotumaria, Ojiltileta, Raphistmna ;
Eylina iandis, Ogygia,
Bellerophon, Conularia Ilomfrayi, Ortlwceras ; Agnostus,
also
the
new
Tninuclens,
Iliwn us, Barrandia,
Ho
Batten;
genera
Asaphus
7nfrayi, Ainpyx
Homolo
not
us.
Calymene, Phacops, Placopania,
Liandeilo flags and Lower Bala. -Graptohites of the same genera as in the Arenig
also Halysites catenulatus, Jlontie ulipora fa t'ulusa, Fat'osites jibrosus ; Actinocrinus,
Echinospherites, Glyptocrin us, Palraster; Acrotreta, Crania, Leptcna, Stroplwme na,
Rhynchoneila ; Alodiolopsis, Ctenothnta, Paiwarca, Pie urorhynchus (Conocardium),
Ophileta compacta, 3furchiso ma beilicincta, Euo?nphalus, Loxoneina, Pie u rotoniania ;
Orthoceras, Endoceras, Piloceras; Oqiiyia Buchii, Asaplius tyrannus, A. Powisi, Ampyx
nudus, Barrandia, Trinucicus, Acidaspis Jamesii, Lichas, lilcenus, limnalonotus, Cheiru
rus, Phacops, Caly inene Bin me nbachii, Eglina m irabhis.
Bala beds, Caradoc sandstone, and Coniston limestone. - _llonticulipora frondosa M.,
Favosites fibrosus, Heliolites interstinctus, Hul!/sites catennlatus, Cyathophyll itin, Petrafa ;
LeptcEna rhomboidalis, Ortitis b(firata, 0. ealliqramnia, 0. flabellulum, 0. porcata,
0. elegantula, Atrypa imbnicata, LeptaL'na (Plectambonhtfs) serkea, Crania (ilcanicata
iIu rchisoii Ia, Holopella, Trochone ma, Raphisto ma, Cyclonema, Belie roph n h ih bat us, B.
nodosus, B. caninatus (which three species occur also in the Lower and Upper Liand
overy) ; Orthoceras vagans, 0. annulatum, 0. Barrandii (the three continuing into the
Lower Liandovery) ; Endoceras, Lituites, Cyrtoeeras, Tnoch elites, Piloceras; llla'n us,
Phacops, C'heirurus, Lichas, Acidaspis, Anipyx, Agnostus, liarpes. Bemopleunides, Cal!,
mene Btumenbachii, C. Ailportia na, Sphwrexoeh us minus.
Lower Llandovery group. - Favosites fibrosus, ifalysites catenulatus, Hello! ites intet".stinctus, Petraia bina, Ortijis Bouchardi, Jtr,pa, Meristella subu udata, Stricklaiidin ia
lens, Rhynchonelia tripartita, Si;.ffei. pliratell us, 8. e.Trporreetus, Btropliomena (iresi acea,
Pentamerus oblongus, P. undatus, P. globosus (the three occurring in the Lower and
Upper Llandovery) ; llhrnus Boicmani, (Jheirurns bunue ronatus, Trinucleus concen
tricus, Proetu8 Oirvanensjs. Lower Silurian beds occur in the south of Scotland, and
also in the northwest Highlands. But in the latter region there is a striking reseinbhance
in fossils, as pointed out by Salter, to forms in Canada and New York - the species includ
ing Orthoceras arcuoliratum, Orthis stniatula, Ophileta coinpacta, March isa siia yrarilis,
M. bellicincta, and also species of ifaclurea, flaphistoina, and others of American type.
Moreover, at the same time, the species of northwestern Scotland differed from those of
England and Wales. From these facts it is evident that troughs with Aicliwan confines
had the same importance on the British or European border of the Atlantic as on the
North American side. We may conclude also that the barrier between northwestern Scot-
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land and the areas to the south and southeast, which could have made its fauna more
American than British, must have had great length.
According to Etlieridge. the Lower
Silurian of Great Britain, up to 1883. had afforded 161
species of lly(lroZOaflS, 47 of
Actinozoans, 5 Of Crinoids, 23 of Cystoids, 6 of Asterioids, 174 of Bracliiupuds, IS of l3ryo
zoans, 80 of Lamellibranchs, 11) of Pteropods, 07 of Gastropods, 21 of Ileteropods, 66 of
Cephalopods, 188 of Trilobites, 31 of Eutomostracan and Phyllopod Crustaceans; no
Eurypterids, no Insects, no Fishes.
Scandinavia and Russia adjoining.-The area of metamorphic- mostly Archean
-rocks covers, besides the Scandinavian peninsula, the country to and including the
White Sea and thence southwest to the Gulf of Finland, thus inclosing entirely the Gulf
of Bothuin. The Catubro-Silurian borders this region at. the North Cape ; also north of
St. Petersburg and south of this place westward along the south side of the Gulf of Fin
land to the Swedish islands of Gotland and Oland in the Baltic, and the adjoining east
coast of Sweden. Then, over the interior of Scandinavia, there is a large area on the west
side of the mountains from above Trondlijem to the shores south of Bergen ; and east. of
the mountains about stersund and Christiania, and also at some other points. The beds
have in general a thickness of from 1000' to 2000'. There are in Finland, Stage B (the
first), Graptolitic beds containing Linqida, Sipiwizotreta, Obu/us, the liniestones contain
ing JIegalaspis, Ortizis (0. parva), Ortlwceras, Porambonites, Asap/i .i, C'ert-zurus, Ampyx,
Phacops; in Stage C, Echinosp/m.rites, Orthoceras; and above, Ori'/ti. (0. lynx), Forum
bozntes, Pleurotomaria, Oeraurus, Phacups; Stage D, with &rophomeiza, Lichas, Ceraurns,
Phacops (Cizasinops); Stage E, with Lept..tiza (L. serkeu), Strophomena (S. deltuidea),
Orthis (0. testudinaria), Phacops. Ezzerinurus, c!,bele; Stage F, with Oil/ifs, Strophonzena
(S. e.rpansa), Bet/crop/on (B. bilobat its), Phacops. Ceraurus, Enerin urns.
France. -The Armorican sandstone of Brittany afforded Lebesconte and Barrois:
3 Trilobites; only 4 Brachiopods, and those of the Lingula family ; over 30 Lamellibranchs,
a Bucania, and 3 Ceratiocarids, - but a poor representation of the fauna of the period,
because of the impurity in the waters which a sandstone formation indicates. Barrois
refers the beds to the age of the Chazy and Trenton limestones of the United States. The
Ceratiocarids include: C'eratioraris, Myocaris lutsaria Salter and Tthjonocaris Lbes
contei Barrois. The Lower Silurian rocks of Porinyal have afforded a very large Trilo
bite of the genus Liclias. It. is named Lkhas (Uridichas) Ribeiroi. The total length is
estimated to be 560 min., and :385 mm. without the caudal spine, which is 175 mm. long.
Lisbon, 1802.) This is the longest
(Comm. des Tray. t,'éol. (lit Portugal, Fauwe Si/ar/ca,
Parado:cuks
2
feet
in
Trilobite described; it exceeds
length.
regina, described by
Was
estimated
to
have a total length
Matthew from the Cambrian of New Brunswick,
of 450 mm.
Bohemia. -The Lower Silurian of Bohemia is divided by Barrande into 5 sections.
numbers in parentheses show in
They afford Trilobites of the following genera. (The
and
that
the genus had species also in
the
occur;
and
+,
which of the & sections they
1,
5). Acictaspis (1 to 5 +), .Ey?iiia (1 to 5),
preceding or later time.) Agiwstus (+
to 5), Barrandia
Amp/zion (1), Impyx (5 + ), .4reia (2, 5), 1lre(husina (4 + ), Asapizus (I
carzon (1, 5), Ccraztrns (1 to 5 + ), (Jyphaspis
(1), 13o/iemilla (1), Calymene (1 to 6 +),
to 5), Diozzide (1, 3, 5), Ifarpes (I + ),
(6+), Du!,nanites (I to 5), Dindzjmine (I
II/mans
(1 to 5 + ). Lie/zas (1. 5 + ), Ogygia (1, 5),
Bar-pules
(1), Ifo,nalonotus (2 to 5).
Pruetus (1, 5 + ). Rezaupteurides
Pizacops (4, 5 +), Philtipsia (5), l'laeoparia (1, 2),
TrinuClCu3 (1(0 5), Triopus (2).
(5), Splurrexochus (5 +). Telep/tus (4, 5),
described by Salter and Blanford,
the
Tibetan
Himalayas,
beds
of
In Asia, Silurian
of
Hetiolites,
afford
Plilodiciga; Lep(trna, Stro
species
have a thickness of 3000, and
ma,
Troclwneuza,
Rap/z istoina, F/euro
phonzena, Orth is, (itenodo uta ; Holop.a, Cyclone
Lituites; Oalymene,
ton&aria, 1turchisonia, Bellerophon, Theca; Orthoceras, Uyrtoceras,
but.
no
American
or European species.
Sp/zarexochu3, Lie/tas, Geraurus, RZcnus, 1lsaphus,
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From western China, Richthofen has reported Orthis all(yramma, Leptana (Plectam.
1onites) sericea, pirrer radiatus, Atrypa retkularis, Favositesfibrosus, Heliolites interstinctiis, Halysites catenuiatus, etc. In southern Australia, in Victoria, Lower Silurian
beds, made :15,000' thick by Mr. Selwyn, have afforded various Graptolites of the common
Lower Silurian genera.
ECONOMICAL PRODUCTS OF THE LOWER SILURIAN FORMATIONS.
Lead Ore, Galena. -The Galena limestone of Wisconsin and the adjoin
ing states on the south and west derives its name from the valuable lead
Similar deposits occur in the Lower Silurian
deposits which it contains.
limestones of Missouri (though not at present profitable like those of the Cani
brian and Subearboniferous limestones of that state) and also in Arkansas.
On these
The large Joplin mines of Missouri are in the Subearboniferous.
None of them, as there stated, are of
deposits see under "Veins," page 342.

Lower Silurian origin, but of some later, una.scertained date.
Mineral Oil and Gas. - Mineral oil and gas come from the decomposition
of animal or vegetable materials, when buried and under close coubneinent
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from the atmosphere. The Trenton limestone and the Utica and Hudson
shales have long been known to afford mineral oil, especially since the early
reports on the subject by T. S. Hunt, who rightly referred these substances

to organic materials buried in the limestone or shale at the time of their
formation (1861, 1866). The black color of the Utica shale is due to car
bonaceous substances, and oil is easily obtained by heating; and in Coiling
wood, Canada, there were formerly works for the purpose, 30 to 36 tons of
shale yielding 250 gallons of crude oil (at a cost of about 14 cents per gallon)
-an amount corresponding to about 3 per cent of the rock (Hunt).
At
Manitoulin Islands, also, petroleum was early procured by boring.
Whitney
obtained 21 per cent from the shale of Savannah, Ill. ; 11 to 16 per cent
from that of Dubuque; and 12 to 14 per cent from that of Herkinier County,
N.Y.

The oil has been found in Orthocerata at Pakenham, Canada, and in
fossil Corals at Watertown, N.Y.
The distillation process was long since thrown aside in consequence of
the free supplies of the liquid oil through Artesian borings; and among the
productive rocks are some of the Lower Silurian. The idea, now fully sub
stantiated, that the oil and gas are usually to be obtained along anticlinals,
was announced in 1861 by r" S. Hunt, and
independently by E. B. Andrews.
In Ohio and eastern Indiana the Trenton limestone affords both oil and
gas abundantly, but chiefly the latter. The region is within the underground
range of the Cincinnati anticline, and the principal Ohio localities are at
and near Findlay, 150 miles north of Cincinnati, on the axial
part of a portion
of the anticline, where it has a local upward bulge or bend; and to this
upward bulge in the axis the Findlay region appears to owe its gas-confining
power. The borings descend 1100 to 1200 feet to the Trenton limestone, and
only 15 to 25 feet, or, in some parts, 50 feet, into the rock, a greater depth
usually being only sparingly productive.

The Findlay wells yielded, in 186,
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at the rate of 20 to 25 millions of cubic feet of
gas per day, and half the
whole amount came from a
single well, the Karg well. One boring in. the
vicinity, at Bairdstown, yielded 4,000,000 cubic feet per day when 9 feet
down in the limestone, and 12,400,000 when 17 feet down; and the
tools
"refused to descend deeper,
in
the
well
like
rubber
balls."
dancing
(Orton,
Rep. Econ. 0. Ohio, 1888.)
The rock pressure in some
parts has been found to equal 650 pounds to
the square inch; in the Fin
dlay field it is about 450 pounds; in the Indiana
field about 320 pounds.
Owing to the pressure, the gas, as it is confined in
the Trenton limestone, is
greatly condensed,- its volume, if the pressure
320
to
the
equals
pounds
square inch, being about -11-th of that after escape.
The productive limestone, as stated
by Orton, is in all cases dolomyte.
In the Findlay region the composition was found to
vary from a ratio, for the
calcium and magnesium, of 1: 1 to that of 2: 1. The marsh conditions under
which dolomyte is formed are favorable for the gentle trituration or mace
ration of organic materials, and their inclusion in the deposits so made. It
is found, also, by Professor Orton, that the limestone is porous, and is thus
enabled to contain the oil or gas. Since the conversion of calcyte to dolomyte
causes a diminution in bulk of
to -- (page 134), the pores, which are a
result of the change, should give the rock great containing capacity -equal,
says Orton, to the actual amount afforded.
The amount of marsh gas (ordinary illuminating gas) in the mineral
gas of Findlay is about 925 per cent; and with this are 2 per cent of hydro
gen, 03 of olefiant gas, 35 of nitrogen, and about 05 per cent each, of oxy
gen, carbonic acid, and carbonic oxide, and 02 of hydrogen sulphide. In
the region of Lima, Ohio, the limestone yields oil. Salt water, also, comes
11P in some borings. In the borings water is excluded by tubing. The pro
duction of the wells is often greatly increased by lowering torpedoes con
taining from 20 to 160 quarts of nitro-glycerine to the bottom of the well
and exploding them by means of a piece of iron called a "go-devil," which
is dropped down the hole and strikes a fulminating cap on the torpedo. The
whole process is termed "shooting" a well. The explosion shatters the
rock and opens fissures. Thus the area of supply is extended and the yield

of oil or gas increased.
In Indiana the natural gas territory adjoins the eastern, or Ohio,
width of 50 miles. The
boundary for about 65 miles, and has an average
1
to
is
20 feet thick, and lies
porous layer, according to A. J. Phinney,
the
limestone,
1
to 15 feet thick; and
beneath a non-porous outer layer of
the rock is sometimes so open-textured that air may he freely blown through
or even .- of its weight of water. In 1890, the
it, and it will absorb
wells was 779,525,000 cubic feet.
aggregate daily flow of the Indiana gas
The Trenton limestone has afforded no gas or
(Phinney, U. S. 0. 8. Rep.)
oil in Kentucky or Pennsylvania.
Marbles. - The Chazy affords black marble in the vicinity of Lake Cham
limestone yields white and clouded statuary
plain. The Taconic crystalline
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and ornamental marble in West Rutland, Dorset, Pittsford, etc., Vt.;
and
tectural marble in Lee, Mass., Canaan, Conn., Westchester County, N.Y.,
brown
in Pennsylvania; the Trenton, a beautiful mottled brown and reddish
marble in east Tennessee in Hawkins County and Knox County ; the lighter
spots in it are delicate Corals (Monticulipora, Steiwpora, etc.).

Iron ore. -The valuable iron ore, lirnonite, occurs in great beds along the junction
of the Lower Silurian limestone and the overlying Fludson shales in all the states on the
line from Vermont to Alabama, and in many places it is worked for the iron. But the
ore is a result of the decomposition of the rocks long subsequent to the Lower Silurian
era (page 126).
GENERAL OBSERVATIONS ON THE LOWER SILURIAN.
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ROCKS.
It is a point to be noted that, during the Lower Silurian, the rocks of the
Continental Interior over the Mississippi Basin were chiefly limestones;
and that in the Trenton period the limestones extended in great force to and
of their origin at
beyond the Appalachian protaxis. There is no evidence
the sur
abyssal depths. The beds were mostly made in clear waters near
face, as in modern coral seas, and at moderate depths, probably not exceeding
a few hundred feet. Magnesiari limestones prevail below the Trenton, and.
occur to some extent within this formation; and such limestones (dolo
mytes) are strong evidence of a sea-marsh condition during their origin, or
of shallow sea-border flats, as explained on page 133. Such an origin also
explains that fine trituration of all the calcareous relics, which made the
magnesian limestone so generally unfossilife rous.
CLIMATE.
No proof that a marked diversity of zones of climate prevailed over the
globe is observable in the fossils of the Cambrian period, or of any part of
The difference between the
the Lower Silurian era, so far as yet studied.

polar regions and the parallel of 4Ø0 was probably not greater than between
cold temperate and warm temperate. It has been inferred that some differ
ence in zonal temperature exists from the closer resemblance of fossils of
northwestern Scotland to those of Canada (page 72) than to those of Eng
land, and the existence of the Gulf Stream of the Cambrian Atlantic is sug
gested by G. F. Matthew. The following species, common in the United
States, and occurring at least as far south as Tennessee, have been found in
the strata near Lake Winnipeg: Strophomena (Rafinesquinu) aiternata, Lep
tcena (Plectambonites) sericea (1), 2)facturea magna, Raphistorna ientieu!are,

Ualymene callicephala, Monticulipora l,coperdon, Receptaculiles Neptuni.
The mild temperature of the Arctic waters is evident from the occurrence
of the following species on King William's Island, North Devon, and at
Depot Bay, in Beflot's Strait (hat. 72°, long. 94°) : Mbnticulipora lycoper
don, (.}rthoceras monWforme H., Receptaculites Neptuni Dc France, Actino-
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ceras crebriapLum FE., besides Maclurea arcilca
Haugliton, a species near At.
magna of the Chazy. Moreover, the formation of thick strata of limestone
shows that life like that of the lower latitudes not
only existed there, but
flourished in profusion.
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BIOLOGICAL PROGRESS.
1. General Progress. - During the Lower Silurian era
progress in animal
life was marvelously great. Before it closed,
all
the
nearly
grander divisions
marine
of
invertebrates were represented. And these grand divisions were
under
displayed
nearly all their subdivisions. The Actinozoans were represented by Aicyonoids and Madreporids, as well as by Cyathophylloids; La
mellibranchs. by Monomyaries, related to the modern Avicula and Pecten;
Heterom varies, related to Modiola and Mytilus; Dimyaries, both of the
ucu1a, and of the Sinupallial
Integriailial section related to Area and
section related to Cypricardia and Tellina; Pteropods, by more types and
much larger species than now exist; Gastropods, by the species of the
Troehus and Pleurotomaria types; Trilobites, by many new genera; and in
addition there were Eurypterids of large size. Besides all these, there were
Fishes, the first of Vertebrates.
The chief divisions of marine Invertebrates supposed to be absent are:
Crustaceans above Entomostracans, that is, the typical Tetradecapods and
Decapods; the Dibranchs, or Squids and Cuttles, among Cephalopods; the
Echinoids among Echinoderms, and the Actinoids, or modern type of
Corals, among the Actinozoans. The exhibition of marine Invertebrates
was, therefore, very wide in range and far advanced in grade. There was
diversity enough to have afforded material for quite a full work on Inverte

brate zoology.
But, in addition to life in the waters, there was already life over the land,
and life, also, that could fly, and so bring the air above the land into new
service. The water-margins and moist places of the growing continents
were green with acrogenous plants that gave promise of future forests.
Insects, as the one specimen reported proves, were common almost every
and Aphides.
They are
where.
Hemipters are the so-called "Bugs"
other low-grade Insects, and, therefore,
incomplete in metamorphosis, like
are a kind that might be among the earliest in geological time; but until
the discovery in 1892, no fossil Paleozoic species had been reported. It has
animal species rarely become fossil
already been remarked that terrestrial
of the rarest are Myriapods
ized; among the rarer of these are Insects, and
and Spiders, and those Insects that do not frequent water-margins. Myria
of the terrestrial population, and perhaps, but less
pods were probably part
probably, Spiders.
Trilobites,
2. Culmination of the types of Graptolites, Cystolds, Pteropods,
Trilobite, and Ostracoid
and Ostracoids. -The Graptolite, Cystoid1 Pteropod,
have reached, in the Lower Silurian era, and passed, their
types appear to
time of highest display.
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Barrande, in his review of the Trilobite Fauna of the Paleozoic, which
he published in 1871, made the total number of Cambrian and Silurian
and those subsequently introduced, in the Devo
species then known 1500;
He states that in the Cambrian
nian and Carboniferous eras, about 200.
of species known was 252 in 28 genera; in the Lower
period the number
Silurian, 886 species in 52 genera, eight of these genera being of Cam
brian origin; then in the Upper Silurian - his third Fauna- there were
482 species in 20 genera, but only three of these 20 genera were of Upper
Silurian origin, the rest already existing in the Lower Silurian.
The number of known Cambrian species of Trilobites has been increased

since 1871 by more than 200; and besides, a larger number of the genera are
But still Barrande's conclusion.
now known to date from the Cambrian.
remains right-that the Lower Silurian was the era of maximum develop
ment of Trilobites. In North America, the Lower Silurian beds add 215
and
species and 30 genera of Trilobites; the Upper Silurian only Si species
The type for awhile
three genera; and of these three, two occur in Europe.
was the highest of the seas; but that of Cephalopods, of later introduction,
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had passed it in size, grade, and power before the Lower Silurian era closed.
Such facts give strong characteristics to the Lower Silurian, and exhibit its

contrast to the Upper.
The Hydrozoans, Actinozoans, and Bryozoans, which usually produce, by
multiplication, compound groups of branching and other forms, nid show
thereby their low grade among species, are rare fossils in the Cambrian as

simple individuals, and are wholly unknown in compound groups, although
such groups are indicative of low grade, and the Bryozoans are the lowest
But in the Lower Silurian era the compound forms
of the Molluscoids.
after the commencement of the Chazy period were common, and were emi
Ulrich states, after an investigation
nently so during the Trenton period.
of the Bryozoans of Minnesota (a few of his figures are reproduced on
page 506), that the contributions from them of calcareous material for the
Lower Silurian limestones of that state were twice as great as those from
the Brachiopods (Rep. L. 811. Bry. Minnesota, 1893).

UPTURNINGS AT THE CLOSE OF THE LOWER SILURIAN.
AMERICAN.
General quiet of the Lower Silurian era. - rphe strata of the Lower Silti
nan in eastern North America appear to have been laid down, one over
the other, without intervening dislocations.
Through the era there were
extensive oscillations in the water level, for this is indicated I-).\- the varyiiig
limits of the formations, as well as by changes in the kinds of rocks; amid

the exposed beds of one period probably suffered much by denudation before
the next were deposited.
But these oscillations i'esUltNl in no great upturn
of
the
rocks.
The era was one of quiet progress in se(limlIeIItmrv
ings
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deposition from the beginning of the Cambrian to the close of the Lower
Silurian; and it was a very
long era, possibly as long as all time that
has since elapsed.
Mountain-making finally ensued, producing, among its
effects, the Taconic Mountain
Range along western and northwestern New
and
also
the
England,
Cincinnati geanticline, besides uplifts in Nova Scotia
and New Brunswick. Moreover, there is
probable evidence that the Taconic
Range at the north was but one of a series along the Atlantic border.
The Taconic Range and system. - Some account of the Taconic
Range
has been given on pages 386, 387.
There were great flexures, great
faults, and general metamorphism.
Fig. 730 represents a section, by
Selwyn, extending, near Quebec, from Montmorenci Falls on the northwest
and crossing the north channel of the St. Lawrence to Orleans Island.
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Faulted and 1icatcd rocks from Montmorcncl Falls to the island of Orleans and beyond. Vertical scale, 500
feet= 1 inch ; horizontal scale, 1 miles = I Inch. Selwyn.
The falls are to the left at F, and I marks the line of one fault. To the
left of this fault-line are Arehaan rocks overlaid horizontally by 50 feet of
Trenton limestone. To the right of it there are Lower Silurian rocks, in a
plicated. condition, from the Calciferous and Chazy (Quebec group, J f, f) at
the bottom, through the Trenton limestone (a, a, a) to the Utica and Hudson
shales (c, c, c), the upper of these rocks making the bottom of the north
channel of the river. To the right, at II, there is a second fault, the main
fracture; and at III, a third fault. Between the two is Orleans Island, the
beds numbered 6 containing Utica G-raptolites; and 1 to 5, those of the so

called Levis formations of the Quebec group of the age of the Calciferous
and Chazy.
From this region faults continue in a south-by-west direction, through
They are conspicuous in Vermont, at
Vermont and eastern New York.
Snake Mountain, in Addison County, and also south of Shoreham, where the
red sandrock rests n Hudson shales (Wing) ; and in New York at Bald
Rhinel)eck on the
Mountain, and elsewhere in Washington County, near
of
Hudson, and in Putchess County; and also in New Jersey, a mile west
Otisville, and at the Lehigh Water Gap (U. H. Cook).
at Snake Mountain, as given by A. Wing
Fig. 731 represents the fault
of F is the south end of the ridge of Cambrian red
(1877). To the right
are Lower Silurian formations
saudrock, called Snake Mountain; to the left
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in an overthrust flexure, with the Hudson slates (d) lying in the syncline.
The fault extends for many miles to the north and south.
7:31.

F

E
b
a
b
a
FAULT AT SN&KE Mourriu, VT. -F, fault; a, Trenton ltinetono; b, Chazy limestone; c, Cambrian; d, liud
son shalos. A. Wing.
w

The great western fault of eastern New York, as described by Walcott,
enters New York from Vermont in Hampton, Washington County, and
extends south-southwest to the Rensselaer County boundary line, passing
through Argyle to Bald Mountain in Greenwich and beyond. In the fault,
as in those of Vermont, the Lower Cambrian strata are upthrust westward
over the Silurian.
from the south.

Fig. 732 represents a section of Bald Mountain, as viewed
According to it the plane of the fault dips at the low angle
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Section of Bald Mountain, the profile as seen from the south.
sliales. Walcott.

Ch, Chazy limestone; E. Calciferous; X, 5,

of 25°.

To the right are the Cambrian beds, and to the left, the underlying
Chazy and Calciferous, and in other localities the Trenton and Hudson for
mations. Another similar fault, of like westward thrust, and on a nearly
parallel line, lies three to four miles farther eastward; and a third, still more
to the eastward.

The amount of displacement at Bald Mountain is stated
to be between two and three miles.

For a map of the Taconic limestone belts, as now existing in part of
eastern New York and the associated schists and qnartzytes of western
Massachusetts and Connecticut, reference may be made to a description of
the region in the author's
chief
papers of 1880, 1881, and 1881'S, 1887. r11
lie
to
belts
the west of the Green Mountain Archan protaxis, and continue
west of it into eastern New York, and also, after an interruption, in belts
that cross Hudson River into New Jersey and beyond.
The largest belt is
that of Eolian limestone (or marble) of Vermont, and the Stoekbridge lime

stone of Berkshire, Mass. (so named by E. Hitchcock), lying to the eastward
of the main Taconic Ridge. It passes by the east side of Mount Washing-
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ton, in southwestern Massachusetts, into Canaan and Salisbury in north
western Connecticut.
The accompanying map (Fig. 733) illustrates the character and positions
of the belts of limestone çhorizoutally lined areas), which extend southward

The
in eastern New York and from Canaan and Salisbury in Connecticut.
area covered with V symbols is mainly Arch,-eau. It is a continuation of
the New Jersey Highlands (a pare of the protaxis) ; it crosses the Hudson,
West of the Kent Belt of lime
between Peekskill and Fislikill, N.Y.
stone there is an area of gneiss and other schists and some limestone of

The roSS
Archan age, between borders of rrLConic schists and quartzyte.
lined area, west of the Hudson, is the Palisade belt of trap.
At the northeast corner of the map, in Canaan (a town lying mostly to
the north of the northern limit of the map), the southern part of the great

The chief branch extends southwestward into
Stoekbridge belt divides.
eastern New York, and then southward to Dykemans, where it ends against
the Archan, after an interval of mica schist.
Just west of the Taconic
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Ridge are other belts of limestone. The first of these is a western portion
of the limestone belt of Stoekbridge and West Stockbridge; for the limestone
east of the Taconic Ridge dips under the schist of the mountain, and comes

again to the surface, through a synclinal flexure; the character of the syn
dine is illustrated for the Mount Washington region, in Fig. 103, page 105.
In further illustration of the synclines of the Taconic Range, Figs. 734,
735 are here introduced. Fig. 734 represents the general structure of Grey734.

735.

cN

12ˆ:s

Taconle synclinal mountains of crystalline limestone overlaid by mica or hydromica schist.
Emmons. 785, Mount Eolus in Dorset, Vt. Hitchcock.

Fig. 734, Greylock,

lock, the Taconic Mountain of northwestern Massachusetts
(the blocked
areas are limestone) ; and Fig. 735, Mount Eolus, Vt., a different
phase of
the syncline, in which the mountain consists mainly of limestone.
All the
western belts of limestone have similar relations to the schists.
On the

map they are shown to extend southwestward, with one or two interruptions,
into and through Dutchess County, N.Y., and to and
beyond the Hudson
River, as above stated.
The other narrower branch, which
begins in southern Canaan (just beyond
the north border of the
map), as shown by Percival, extends southward,
and passes Kent.
Farther eastward, there is still another outcrop of this
same limestone, owing to a
syncline, in a belt that passes by New Milford.
Southward from the extremities of these two belts
(see the map) a series
of smaller limestone belts is continued
through Westchester County, N.Y.,
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into New York (or Manhattan) Island.
The limestone, which is everywhere
crystalline, or is a marble, contains
abundantly the same accessory minerals
in southern Massachusetts and
Connecticut, as in Westchester County and
New York Island;
namely, tremolite and white pyroxene. In this respect
the Taconic limestone is
widely different from the Arc1ian liiuestones of
the protaxis in Massachusetts, and of
outcrops in the Kent-Cornwall Ridge,
west of Kent, these being chondroclitic
(p. 67).
Two of the Westchester belts, near Peekskill, extend
northward up the
Archean Highlands of Putnam
County. They lie in what were originally
valley-depressions in the Arehean, although not valleys now. Their beds
are much upturned, although confined so
closely by the Archan; and they
are metamorphic, but of the lighter kind
characterizing the corresponding
beds on the north border of Peekskill.
To produce the upturning, the
inclosing Archean rocks must have been thrust forward either along frac
tures, or molecularly.
The metamorphism apparently indicates that the
beds once had great thickness over this part of the
Highlands.
The Taconic series of rocks, and series of
upturnings, appear therefore to
extend all the way from the St. Lawrence valley to New York
City. They
are situated mostly to the west of the Archan protaxis; but, in Canaan, the
more eastern branch, described above, passes to the eastward of it,
leaving part
of the Arebean area on the west; and it is this eastern branch that continues
on through Westchester County. The east and west positions of part of the
limestone belts of Westchester County, just south of the Archan of Putnam
County, indicate that, in the upturning, the schists and other Taconic rocks
were forced up against the essentially stable Archean area. The T-shaped
symbols on the map indicate the strike and dip of the rocks, and show
that the limestone and sehists, referred to the Taconic series, are conform
able in strike.
The Taconic upturning is known to have occurred not later than the close
of the Lower Silurian era from the fact that Upper Silurian rocks are not
present in the series, hut actually overlie the Lower unconform ably in some
localities; as at Becrafts Mountain, near Hudson, N.Y.; on St. Helens Island
and Belceil Mountain, near Montreal, where the Lower I-Ielderberg beds cover

uneonforinably Lower Silurian slates; and near Lake Memphremagog, where
the Niagara limestone occurs with its characteristic fossils, and also beds of
Devonian Corals.
Again, on the eastern side of the Green Mountains, in the
Connecticut valley, there are unconformable Devonian beds at Bernardston,
Mass., and Upper Silurian at Littleton, N.H. The earlier of the formations
of the Upper Silurian are very thin in the eastern part of the state of New
York, and this is apparently owing to the previous emergence of the Green
Mountain area, shallowing the waters to the eastward. The schists, which
are argillyte and hydromica schist in Vermont, are mica schist, chlorite schist,
and gneiss in Massachusetts, and coarser mica schist and gneiss in West
chester County.
The probability that the upturning was continued southward through

HISTORICAL GEOLOGY.

53

in 1892, of Crinoids, by N. H.
Virginia has been sustained by the discovery,
A figure
Dayton, in the slate quarries of Arvon, Iuckiugliam County, \a.
\Valcott states
of one of the species is here given from Darton's paper.
that the species are allied to those of the genera
Schizocrin us, ]fetefocrinus, and Poteriocrin us,
It
and are of either Trenton or Hudson age.
will be seen on a map that the Westchester
belt and the Buckingham County locality are
so related in position that the latter may have
been a part of a long \\estchester Twonic

Range, which passed just west of Philadelphia
am1 Baltimore, and may have included South
Mountaiii. Pa.. and other ridges beyond, to the
east of the prutax, - time Appalachian Range
being to time itet of the saine. This would
make the Taconic Range of western Nev Eug

"

land one in a great Taconic systein of mountain

"
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ranges.
Eruptive rocks.- Rocks that came up melted,
probably at the time of the Taconie disturbance,

exist south of Peekskill, N.Y., spread widely
over much of Cortiand County, and also occur

on Stony Point on the opposite (vest) side of
The mocks cut through
the Hud'omm River.

Lower Silurian himestones, and hence are not
Crinoid from the crystalline slates of of earlier ejection ; but they may be of much
.
Buckingham County V. DAFL0D '92. later
origin.
They are rocks of unusual kinds.
being norvte, chrysolitic hornblendyte and pyro.enyte, coarse tlmrvte, anti

a granite-like rook in which the feldspar is oh igoel:mse.
The roeks were
described by the author in ISSO, 1581, and by G. 11. \Villiams in 185G.
The

long strips of schist and limestone iii time igneous rocks appear to prove, as
the author stated in his paper, that these erti pti VP 1iHkS are partly or wholl.v
metamorphic-igneous, produced by the fusion of ( :iiimLrian or Lower Silurian
roks during the period of it pturning anti Metamorphism.
A dike cutting

through the Hudson beds of time Blue M iwmt:i ins, of west. New .1 .-Est'v. neat.
Beemnerville, is probably of the s;uue age.
hit' R('('IUPI'VIhhi' 1011( also is a
rare kind -an Eke)hite-syt'mmyte (1,31. K. Eiiu'rson, 1SS). Maim ''trap dikes
cut through the Taeomiir formation ill the VIP) ii it (Pt Lake ( hmamn plain whm ie ii
may be of cotem poraneous origin ( Kent p and Masters, 1 S).
The Cincinnati geanticline. - ('otemn poianeniishy with time disturbances
above described the how geant ieh j im was ft mineti. called the (.'int'iu miii is jil iti

(page 537). making two islands, one IVPV part I )hi its. eastern I nai-ma anti
Kentucky, and the other over Ten mn'ssee. as reported I v Sa Ill) ru I. New e ivy
and Orton. The general course of till- upward build if tilt' crust was iii yt ii.
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easterly, nearly parallel with the
Appalachians. But at the north, in Ohio,
it extends
northwesterly, and has also a northeastern branch in the direction
of Findlay, Ohio, toward Lake Erie.
That this was the time of the uplift is
proved by the absence of Upper Silurian and Lower Devonian beds over the
region, these formations thinning out toward the axis, where the
Cincinnati
limestone is the surface rock; and, in Tennessee,
as Saftord states, by the
Devonian black slate resting
directly on the Lower Silurian beds. The line
of the axis presents now no
conspicuous topographical feature; but the
direction of the draining streams, which follow
the strike of the strata on
either side, indicates that it once formed a
watershed that gave the initial
bearing to their flow. The part of the arch about Cincinnati has been more
deeply and extensively removed than farther north, though higher now than
elsewhere, aud, therefore, "this
probably was originally the highest part of
the arch within the limits of the state of Ohio."

According to R. Bell, of the Canada survey, the geanticline is continued
northward across the west end of Lake Ontario to Lambt.on. in Ontario,
Canada, and perhaps beneath Lake Huron, but its
emergence to this distance
is not proved. This range of broad islands and shallows had
great influence
on the rock-making of later Paleozoic time - a view first
recognized by
James Hall in 189 (Pal. N. Y., iii.).
Upturnings in Nova Scotia and New Brunswick. - llJneonformability
between the Upper Silurian and Lower Silurian rocks ha.s been observed
in Carleton County, N.B., just north of the boundary near Metapedia Lake,
and also oil Lake Temiscouata, and elsewhere (L. W. Bailey); and in Nova

Scotia at Cape St. George, Arisaig, Lochaber, and from Kerrowgane down
the East River of I'ictou, and north of Sunderland Lake.
But through this epoch there was comparative quiet north of Gaspé in
the northern part of the St. Lawrence Gulf; for the great limestone forma-'
tion of Anticosti, which was began in the Lower Silurian era, continued its
unbroken progress through the whole prolonged era of revolution, and after
wards far into the Upper Silurian era.

EUROPEAN.
In America the disturbances closing the Lower Silurian were confined to
regions of very thick depositions, and mountain-making was the final result
of the upturning. Over central New York and farther west in the Conti
nental Interior, the beds of the Lower and Upper Silurian eras follow one
another without any marked unconformability. Cases of intervening erosion
may be found; for every period loses by erosion a large part of its depo
sitions in the supply of material for the beds of the following period; but no
case occurs of horizontal deposition on upturned Lower Silurian strata.
In Europe the facts are similar. Over the Continental Interior of Europe,
which includes all European Russia up to the Archan mountains on either
side, and the surface south to the foot hills of the Alps, the Upper Silurian
beds lie conformably on the Lower Silurian. The cases of unconformability
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are found in western England and Wales, where the strata claim a thickness
The Upper Liand
exceeding 20,00() feet independently of ash-ejections.
overy and other Upper Silurian beds rest upon the upturned edges of the
" In one district,
Lower Llaiidovery, Caradoc, or other inferior strata.
between the Longinynd and Wenlock Edge, the base of the Upper Silurian
rocks is found within a few miles to pass from the Caradoc group across to
the Lower Cambrian rocks."
(Geikie, p" (372.)
Another remarkable region of disturbance is that of the northwest
Highlands of Scotland, along the chain of mountains between Eriboll and

Ullapool. For some distance east of this region, according to the investi
gations of Hicks, Lapworth, Peach, 1-lorne, and others, the Silurian and
Cambrian rocks, which overlie the Archean, are much plicated, and the

plications, on nearing it, become overthrust flexures, often flexure-faulted,
with the thrust westward. Then commences over the wide region a series
of nearly horizontal thrust-planes of great extent, along which the Are1iaan

and overlying formations are thrust westward, in some places for ten miles.
Besides minor shovings, there are three maximum thrust-planes which
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overlap so as to carry the formations over one another, pile them to a great
thickness, and produce a series of extensive uneonformabilities between
Archan, Cambrian, and Lower Silurian terranes; and undisturbed Lower

Silurian limestone is -often the base of the pile, with Arelnean rocks above.
The thrust-planes look like planes of bedding, and were long so considered.
Under the enormous amount of friction along the lower thrust-plane, the
materials at the bottom

of the moving mass were sometimes folded over and
curved under it as well as abraded or crushed; and, in addition, through the
aid of the heat generated, sheets of sericite schist were made along the plane
out of the abraded feldspar, and layers of other foliated metamorphic rock
out of other material, - the strike of the foliation being more or less
parallel with that of the thrust-plane.
In some cases the softer pebbles of a Cambrian conglomerate (made of
pebbles of quartz, gneiss, dioryte, granite) are drawn out so as to form
thin lenticular bands of in ica or hornblende sehist flowing round the
harder pebbles of quartz-rock" ; and at one place Cambrian sandstones have
been converted into schists containing mica, and quartzytes merge into
quartzose sericite schists. The fossiliferous Silurian limestones below the

thrust-plane are not generally altered, but in seine places have been ren
dered crystalline.
(Q. J. U. Soc., 1884, 1888, the latter giving full references
to earlier writers on the subject.)
In northern Ireland, where the Lower Silurian and Cambrian beds have
a thickness of more than 7000 feet, there are evidences of
metamorphism in
of
the
beds,
while others still retain their fossils, and mark their
portions
Siluro-Cambrian age. The Upper Silurian beds above are undisturbed and
unaltered. Geikie states that the crystalline sehists of the Scottish
High
lands are prolonged over northern Ireland to
which
makes
the
Galway Bay,
disturbed region 400 miles long.
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The Ural Mountains include
long ranges of upturned and more or less
crystalline Lower Silurian rocks, but it remains undetermined whether or not
there is unconformability with the
Upper Silurian beds.
Of the 204 species of fossils in 68
genera, found in the Lower Liandovery beds, 104 species in 45 genera still exist in the Upper Liandovery.
(E the ridge. )
NEOPALEOZOIC SECTION.
In contrast with the EOPALEOZOIC part of
geological history, when vast
continental seas prevailed, - a condition well
styled thalassic,' both as
and
life,
-the
regards geography
NEOPALEOZOIC was the time of the in
creasing emergence of the land over large areas, and the emergence also of
life in various forms, 'until in eastern North America a great semi-continent
existed, over 1000 miles wide, which was covered with grand forests and
other vegetation, and populated by Amphibians and Reptiles of ancient
kinds, and by the largest of Insects, besides other inferior terrestrial
Invertebrates.
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UPPER SILURIAN ERA.
SYNONYMY.- Upper Silurian, Murchison, Phil. Mag., vii., July, 1835; Rep. Brie.
Assoc., Aug., 1835; Siiur. System, 1838. Upper part of Silurian, Sedgwick, Rep. Brit.
Silurian, Sedgwick,
Assoc., 1835; Proc. G. Soc., 1838; Q. J. G. Soc., Jan., 1840.
J.
(.
147,
1852
Lower
Silurian
made
Cambrian);
Q.
Soc.,
(the
being
Upper
Lapworth,
G. Mag., 1879, p. 13; H. B. Woodward, Geol. Eng. and Wales, 1887. Murchisonian, D'Or
bigny, Pal. et Géol., ii., 301, 1851. Bohémien, A. de Lapparent, Tr. de Géol., 1883.
NORTH AMERICAN.
SUBDIVISIONS.
Upper Pentamerus epoch.
3. Lower Helderberg .(3.
2. Shaly limestone epoch.
Period.
(i. Lower Pentamerus epoch.
Sauna beds, Water-lime, Tentaculite limestone.
2. Onondaga Period.
Shale and limestone.
(3. Niagara epoch.
2. Clinton epoch. Clinton group.
1. Niagara Period.
1. Medina epoch. Oneida and Med ma beds.
The map on page 536 (Fig. 731) presents a general idea of the dry
land of North America at the opening of the Upper Silurian. The shore line
of the time was not far outside of the Arelilean limits (indicated by the
clotted line), showing that the growth of the continent had been mainly
was an extension of the land over the
along its Archean borders. There
1 With Homer, the 9&Xaoa was the great Interior Continental Sea, the Mediterranean, while
'tl,ceav6c. The term thalassic is used above in
the outside waters around the land were called
the Homeric sense.
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region of \Visconsin, on th~ borders of Nt>w York ancl Cana.cb., :mel about the
Adirondacks. 1' he 1'arouir Hauge ha.d just bE-en made, :tn<l probably a
Taconic system, consisting of 1'<\ngcs from C:tuada to Georgi:t; autl as a. p::tr·t
of the uplifting, the eastern port.ion of N ew York bt>rame emerg~tl awl ~lso
a large area a long the Atlantic, ~outh of New York. ('l'he Art'lw.': :m limits
in the latter ~trea. are not mnrk~d, bctause not yet d ,nnell. ) \Yt'::.tt>rn North
Arneric.1. was not not.1.bly c·hangecl.
The upward movement..c; moreover c·losed aga.inst tht> sen. th<> hro:l.tl St.
Lawrence channel. 'l'his ch:umel hau been in eal'lier time a gt·eat illghway
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787.

liOl'th America at the opeoing of tho Upper SU11ri4o.

for ticles and currents, ntHl what they r mthl t.ra11~ po rt bC'twN•u t.he A t.lan t.ic

and the Continental Inte rior. Hut now t.lt~ I nteriur ~~a. h:ul t.o dr pcncl for
rock-making material on what touh l ht> ~at.lat•t'f'cl ft·nm its hurch•rs and tlt l"
stony sec:retions of aquatic lif(•. Hu t: it lc·ft O JW ll t lw not't.hC'a:o;t•·ru t rou~h s,
east of the i reeu Mountains :mel ~t. Lawnmc.:c..> - t lu) <'nntH'c·tic•nt va Jlt•y
trough, the Ga:pe-,\"or('estet·, aucl t.lu• Ac·acl ia u. or that ft·mu Wl·st.t'rll Nl•wfoumllaml to Nanag:Lnsett Ray, uv(· t· t.he Hay of F muly aiiC) J\fas:-;:te h\1:-;Ht.ts
Ba,y i for these lmvf• sev •rall y t.hc•it· l Jlfll'l' Hiluriau :uul lat('l' rm·l< fnnua~
tiom;. It is nven probable that t ill' Ga~ p•:·'Vot·c·rsh•t· tt·oug h had it:-; t':t~h· a·u
Archrea.u coutiue, which separated it fro111 t lte Acatliau t t·ougla, cxtl'tHll•d
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northeastward across the present Gulf of St. Lawrence to Newfoundland;
for it has been shown
by Canadian geologists that the Upper Silurian fossils
within the Acadiati trough in Nova Scotia are not all of American
type, but
have many relations to those of Great Britain, much closer relations
than
the fossils of the island of Antjcostj. The fact would
put Anticosti within
the Gasp-Worcester trough. But such a confine could not have been an
uninterrupted barrier, since the troughs of the Connecticut valley and Gaspé
Worcester belt must have had tidal connection with the Atlantic.
The two large islands of the Cincinnati
uplift are those marked C and T.
They partially divide off from the great Continental Interior a portion called
the Eastern Interior Sea, which from this time onward was like a
great bay,
having a narrow southwest opening over Alabama, a length of about TOO
miles, and its northern limits near the sites of Albany and Troy. Its waters
communicated, in the Upper Silurian era, with those of the Central Interior
Sea, over Michigan and northern Ohio. But this connection was diminished
It had probably, also, a shallow
during the progress of Paleozoic time.
connection with the Atlantic over Pennsylvania and Maryland, where the
land is now low, permitting of an interchange of water and life.
The conditions of this Eastern Interior Sea influenced not only its tides
and currents, but also the temperature and purity of the waters, the supply
of sediments, the kinds of life, and hence in various ways modified rock
And this influence was all the more
making and biological distribution.
that
the
eastern
of
the
part
great bay was within the limit of the
profound
slowly deepening Appalachian trough, or geosyncline, in which thick deposits
were in progress for the future Appalachian Range.
West of the Mississippi there was another island, that of Missouri.
Probably Upper Silurian beds exist to the south of it, according to recent
observations by I-I. S. Williams. But farther southwestward, over much of
Arkansas and over Texas, to the Pecos (B. T. Hill), Upper Silurian and
Devonian beds are absent; and it is probable that a large area of dry land
here existed. Its limits, however, are so uncertain that it is not indicated
on the map. Moreover, Silurian and Devonian beds have not yet been
are the only Paleozoic beds.
reported from Mexico, and the Carboniferous
The dry land of the continent was small, and hence there were only small
streams for the supply of sediments. Among them an embryo Hudson River
detritus to the head of the Eastern
brought down Adiroiidack waters and
Interior Sea, near Albany, and an embryo Mississippi and a St. Lawrence

drained other Arcinean areas.
The rock-making of the period was confined, so far as has been ascer
tained, to the Interior Continental Sea and the troughs or channels of New
These troughs are those of Archean origin,
England and eastern Canada.
to the eastward, the Acathan, the Gasp&
already reported: commencing
the later part of the period
Worcester, the Connecticut valley, and, during
No Upper Silurian beds are known
only, the 1-ludson-Champlain trough.
of New York.
along the Atlantic border south
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'Plie conditions described and illustrated on the map make it apparent
that the Interior Continental Sea opened vestvar1l toward the Paeilic, but
not eastward over temperate latitules toward the Atlantic; and hence that
migrations to those seas from Eurasia 5110111(1 have been chiefly from the
west rather than from the east. On the contrary, New England and eastern

Canada remained still open toward the Atlantic and Europe. and hence dif
ferences in the cotemlxraneous faunas of this eastern part of North America
and of the Continental Interior should be expected.

1.

NIAGARA PERIOD.

ROCKS-KINDS AND DISTRIBUTION.
The beds over New York referred to the 3fedina epoch -the earlier part
of the Niagara period -include, to the eastward, a seashore formation, called
the Oneida conglomerate from Oneida in central New York, and an offshore sand-flat formation, called the Medina sandstone from Medina in the
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western part of the state.
The Oneida conglomerate is a hard light-gray rock made of quartz
It covers large areas in Oneida and Herkinier counties,
pebbles and sand.

N.Y., but thins out eastward to 15 to 20 feet at Roudout on the Hudson.
It comes up again in Ulster County (southeastern New York), owing to an
uplift along the Shawangunk (pronounced Shong-gum) Mountains, and is
there called the Shawangunk grit. This range commences near the Hudson,
southwest of Kingston, and to the southwest, between New Jersey and Penn
sylvania, becomes the Kittatiniiy Mountains. The grit makes the crest and

southwest front of these mountains, and the beds dip westward 3Øo..4Qo"
Thence the conglomerate, or grit, stretches on southwestward through Penn
it makes the bony axis of the principal Appa
sylvania into Virginia, where
lachian ridges" (Rogers), and beyond into east Tennessee, where it is the
In Ulster County, N.Y., near Red
Clinch Mountain sandstone of Safford.
bridge, the Shawangunk grit has afforded galena and copper pyrites in large
masses, and fine crystals; but the mine is not now worked. The. Medina

sandstone is ordinarily a gray to red mottled sandstone, fine-grained, thin
bedded, somewhat argillaceous, especially so to the westward, and bears
evidence of having originated as a great sand-flat formation in shallow waters,
as first described by Hall; for its layers are often covered with ripple.
marks, wave-marks, and rill-niarks, evileiiees of exposure above the waters,
perhaps with the retreat of the tide, and in many places of gentle wave
action on a slightly inclined beach.
In making the rill-marks (s)age 95),

the retreating undertow swept past worn shells of Lingula cuneatu or small
pebbles in the surface sands of the beach.
The -beds are not found in eastern New York near the Hudson, but
mainly to the west of Oneida County.
They border Lake Ontario to its vest

em extremity, and constitute the lower half of the Niagara bluffs at Lew-
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iston. Thence they continue westward
through Ontario with a thickness of
300 to 400 feet, and in eastern Ohio thin out to 10 to 150 feet of
reddish
shale (as found in deep borings)
resting on Hudson or Utica shales. They
are not found in Michigan. To the southward, in New
York, the formation
disappears beneath the later beds; but it reappears on the west slope of the
Kittatinny Mountains, and outcrops to the southwest in east central Penn
sylvania, Virginia, and eastern Tennessee.
The thickness of the
Shawangunk grit is 500 feet in New York, and 700
to 800 feet in Pennsylvania; and that of the Methna beds, in the latter state,
1800 feet.
The beds thus give an idea of the seashore work of the
period. They
also indicate the generally shallow depths of the Eastern Interior Sea, but
nothing as to the condition of the seas over the rest of the continent.
The Clinton group has a wide distribution. Its beds occur in central and
western New York (the group taking its name from Clinton in Oneida
County), in Pennsylvania, Ohio, Indiana, Wisconsin, eastern Tennessee,
Kentucky, Alabama, and Georgia. The Cincinnati geanticline, which put
above the surface the Lower Silurian rocks, accounts for the absence of the
Clinton not only from part of Ohio, but also from western Kentucky and
Tennessee. In New York and Pennsylvania the rock is mainly a shaly sand
stone and shale of rough, irregular aspect, with some intercalated limestone;
on the Niagara River it is about half limestone; and in Ohio and farther
west almost wholly limestone.
A peculiar feature of the formation is the occurrence in many regions of
one to three beds, 1 to 10 feet thick, of argillaceous red iron ore (hematite),
usually oölytic, with the grains round or flattened. The grains are often con
centric in structure, proving them to be true concretions, like those of an
ordinary oölyte, and of sea-margin origin. (C. H. Sinyth, from observations

near Clinton, N.Y., and elsewhere in 1892.)
These ore-beds accompany the Clinton formation from New York to Ala
baina, through Pennsylvania, Virginia, eastern Kentucky, and Tennessee,
and also occur in Wisconsin. They are usually fossiliferous, and the ore is
sometimes called the "red fossil ore." The fossils are broken, and include
stems of Crinoids, Bryozoans in small fragments, and other species. The
beds were evidently made over tide-washed, salt-water flats, where tritura
tion was gentle. They indicate a wonderful degree of uniformity in continental level over a wide area.
Clinton fossils occur with those of the Niagara at some points along the
Atlantic border of Maine, from the boundary of New Brunswick to Penob
soot Bay. They are found also in Nova Scotia, and on Anticosti several
hundred feet of limestone are referred to the Clinton.
The iYiaqara formation is still more widely spread than the Clinton,
its distribution. In most regions it is a thick
though far from continental in
limestone, but in New York and other parts of the Eastern Interior Sea, the
lower portion is shale, indicating a gradual transition in rock-making condi-
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The limestone is largely a coral-made
tions from those of the Clinton epoch.
In
rock, and thereby indicates clear seas during the time of its formation.
Iowa and some other parts of the West, it abounds in chert or hornstone,

which is usually in layers coincident with the bedding, like flint in chalk;
At Lockport, N.Y., cavities in the lime
and the fossils are all siliceous.
stone afford fine crystallizations of dog-tooth spar (calcite) and pearl-spar
(dolomite), with gypsum, and occasionally celestite, and still more rarely a

crystal of fluor.
In New York, the beds reach quite to the Hudson River, and are there
distinguished as the Coralline limestone; they are, however, but a few yards
in thickness. They spread westward through New York, making 250 feet of
the height of the Niagara bluffs; continue beyond through Ontario, in Can

ada, with a thickness of 250 to 300 feet, to Lake Huron, west of Georgian
Bay, and to the Manitoulin Islands; extend around the north side of Lake

Michigan to Illinois, Wisconsin, northeastern Iowa, and the adjoining part
of Minnesota-making in all a distance from east to west of 1000 miles.
The Niagara is stated to be absent south of New York, from the eastern
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half of Pennsylvania (where Lower Helderberg beds rest on Clinton), and
from the larger part of Wrest Virginia.
It is absent also from eastern
Tennessee and part of southern Ohio, owing to the Cincinnati geanticline;
but occurs in western Tennessee, along Tennessee River, and in northern
Kentucky; and also in Missouri, and in northern Arkansas, as a continuation

probably of the area of central and southwestern Illinois.
In western New York, the lower third of the rock is usually shale, the
other two thirds limestone. It is prominent on the Genesee River at Roch
ester, N.Y., and also at Lock port, where its geodes gave it early the name of
the "Geodiferous " limestone.
At Niagara Falls, directly at the fall, the
limestone makes the upper 85 feet, and the shale the lower 80 feet, as
illus-trated.
in the following section, Fig. 738, from Hall. In the section, Nos.
738.
rid
So
Sb
Section along the NLagari, from the Falls at F (south) to Lowlaton bights at L (north) ; W, the whirlpool;
Nos. 1, 8, 5, 7, are shales,aud 6, 8, limestories. hull.
7, 8, are the Niagara, the greatest thickness of which is 165 feet; below it, as
is seen in the bluff, at Lewiston Heights (L), lie the Medina beds, 1, 2, and.
the Clinton, 3 to 6.

The recession of the fall is slowly going on, because of
the undermining of the limestone by the wearing out of the shale.
In Ohio, the limestone, 300 feet thick with 10 to 100 feet of shale below,
outcrops as a belt around the area of the Cincinnati geanticline.
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In Illinois, the limestone underlies the
city of Chicago and constitutes
the gray "Athens Marble" and the
and
buff "Joliet" building-stone.
gray
In the Mississippi
valley it often contains flint or chert in nodules and is
doloinyte. In Wisconsin, it has distinctly the features, in some
places, of an
old coral-reef. Forty species of Corals have been
described from it. Some
large coral masses "stand erect in the rock, precisely as
they grew," making
up, along with fragments and sand derived from broken corals, shells, and
Crhioids, the coral reef-like limestone bed. Between and about what look
like true barrier reefs, there are accumulations of coral
fragments, becoming
finer and finer on receding from the reef, and thus the rock
graduates into
ordinary limestone.
(Chamberlin.)
In New England, the St. Lawrence
Bay of the Niagara period extended
far south along the Connecticut valley; for
Niagara beds, with their fossils,
occur at Littleton, N.H., resting unconformably on older beds.
They occur
also in northern Maine and New Brunswick; and on the coast of Maine in
Penobseot Bay, near Machiasport, in Cobscook Bay; along the Acadian
trough; they exist also in Nova Scotia. In Anticosti, a thick limestone
ranges continuously from the Hudson to the Clinton groups.
The Rocky Mountain region has few outcrops of Upper Silurian rocks.
The Niagara beds have been observed in the Black Hills of South Dakota,
near Deadwood, but not in the Wrasatch Mountains; and they have not been
identified in Arizona at the Colorado Cañon, nor over the Great Basin. They
are doubtfully identified in the Eureka district, Nevada, in the upper part of
a limestone stratum which is Trenton at base - a Halysites occurring in the
beds. The formation has a wide range in Arctic seas, and occurs on some

islands in Hudson Bay.
Mineral oil exists in large quantities in the Niagara limestone at Chicago,
Worthen says that
though not capable of being collected to advantage.
a portion of the limestone is "completely saturated with oil."
The distribution of the rocks of the Niagara period sustains the conclu
sions presented on a preceding page with regard to American geography at
the opening of the Upper Silurian. They show that the waters over the
state of New York shallowed toward the Hudson River, and thickened west
ward, thus according with other evidence as to the emergence of the Green
Mountain region in connection with the making of the Taconic Mountains.
The shallowing was toward the emerged mountain belt. They prove also,
that while in the earlier part of
through the abundant arenaceous deposits,
the period the region of the Eastern Interior Sea was shallow, at a later date
even from Hudson River to and beyond the
deeper and clearer seas prevailed,
were growing abundantly; yet they
Mississippi, in which Corals and Crinoids
the
were not necessarily deep seas, since 150 feet of depth is enough for all
work of the modern reef-making Polyps.
and the
1. MEDINA GROUP. -The Oneida conglomerate is a thick-bedded formation,
and
The
ridges.
Shawangiink grit was
rock so hard as to stand out boldly in rocky ledges

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

542

HISTORICAL GEOLOGY.

the "millstone grit" of Eaton. It was formerly much used for making the "Esopus
millstones," so named from Esopus, an early name of Kingston ; and at Ellenville, for
glass-making. It is intersected by quartz veins; and mines of lead and zinc have been
worked in it at Ellenville, Wurt.sborough, and elsewhere, which have yielded remarkable
geodes of quartz crystals, with crystals of lead ore (galena), splialerite, chalcopyrite, and
other minerals.
The .Medina sandstone, where fullest developed in New York, includes, according
to Hall, four divisions, as follows: (4) Red marl or shale and shaly sandstone, resembling No. 2, below; banded and
spotted with red and green.
(3) Flagstone, -a gray, laminated quartzose sandstone, called "gray band."
(2) Argillaceous sandstone and shale, red, or mottled with red and gray.
(1) Greenish gray sandstone, graduating below into the Oneida conglomerate, the
"gray band" of Eaton.
In the Genesee section (page 91), the strata 1 and 2 correspond to the Medina; 3, 4,
5, 6, to the Clinton group; and 7, 8, to the Niagara shales and limestone.
In Canada the Medina beds, besides existing in Ontario, occur south of the St. Law
rence, over a few areas east and northeast of Lake St. Peter.
The Oneida conglomerate disappears before reaching the southern border of Pennsyl
vania, and the passage from Hudson into the red Medina is imperceptible. Hudson fossils
continue far up into the Medina in Bedford County. (Rep. T 2, Penn. Sure., pp. 91 and
92, J. J. Stevenson.) This condition becomes more striking in southwest Virginia beyond
the New River, where Iluclson forms occur up to within 100' of the white Mediiia. (J. J.
Stevenson, Proc. Amer. Phil. Soc., xxiv., 85, 87, 94; and xxii., 142, 150.) A peculiarity
of the Upper or white Medina in Pennsylvania and southward is, that exposure to at.iuos
phere polishes it.; all other sandstones there are roughened by exposure. (J. J. S.)
2. CLINTON GROUP. -This is the "Protean group" of the N. Y Annual Geological
Reports of 188(3-1840. The sandstone of the Clinton epoch in New York is often quite
hard; and much of it has the surface uneven from knobby and vermiform prominences,
some of which are attributed to Fucoids.
(a) interior Continental basin. - On the Genesee River, at the falls near Rochester,
the Clinton group consists of: (1) 24' of green shale, of which the lower part is shaly
sandstone and the upper part an iron-ore bed ; (2) 14' of limestone, called Pentamerus
limestone, from a characteristic fossil ; (3) 24' of green shale; (4) 18k' of limestone,
called the Upper limestone.
On the Niagara (see section, Fig. 738, page 540) there is shale 4', without the iron ore,
overlaid by limestone 25', the limestone corresponding to the three upper divisions, and
its upper 20' to the upper limestone. To the eastward, in Oneida, 1-lerkimuer, and Mont
gomery counties, the rock is 100'-200' thick, and includes no limestone, though partly
calcareous. The group consists of shale and hard grit or sandstone, in two or more alter
nations, along with two beds of the iron ore. Near Canajoharie - which is not, far from
its eastern limit -the formation has a thickness of 50'. In Starkville, Flerkimer County,
the rock contains a bed of gypsum.
North of Lake Huron, the Clinton beds occur along the Manitoulin Islands, Druminond
Island, and 20 miles to the westward.
(b) Appalachian region. -The relations of the Clinton of Pennsylvania and the
country southward to that of central New York are not determined in detail. The rocks
in Pennsylvania are shales, olive to almost black, with some sandstones and beds of calca
reous iron ore. The series is persistent, northwestwardly, to the last exposures, almost at
the easterly foot of the Alleghany Mountains. Its subdivisions are : (1) Reddish to olive
shales, 100' to 7001; (2) iron sandstone, 5' to 50' ; (3) shales, 200' to 675' ; (4) iron
sandstone, 10' to 20'; (5) shales with calcareous layers, 100'. The whole thickness is
from 000' to 1000,. A commingling of Clinton and Niagara fornis occurs inthe upper
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portion of the column. In Virginia the Clinton consists of sandstones and shales,
mostly
sandy, having an estimated thickness of not far from 850'. Beds of fossil or calcareous
ore are present from central
Pennsylvania to Alabama.
J. S.)
In east Tennessee the rocks are 200' to 300' thick, and(J.include
one or two beds of the
oölitic iron ore.
In western Kentucky the oölitic red ore beds occur in
Montgomery, Bath, and
Fleming counties and along Pine Mountain.
(c) Eastern Border region. - In Nova Scotia, at Arisaig, which is within the Acadian
trough, the rocks are shales and limestone, and have a thickness of about 5Ø9" At the
East River of Pictou, there are also slates and calcareous bands,
probably of the same
age. They include a deposit of oölitic iron ore, like that of the Clinton rocks of central
New York, which in some places has a thickness of 40'. Iii southern New Brunswick the
buds are like the Arisaig.
The fossiliferous Upper Silurian rocks of the coast of Maine, on the borders of the
same Acadian trough, are described in hitchcock's Report on Maine, 1861, and in
papers
by W. 0. Crosby, Am. Jour. Sc., xxiii., 1802; N. S. Shaler, lb., xxxii., 1880; Dodge and
Beecher, ib., xliii., 1892. See also Foerste, on the iron ore, lb., xli., 1891 ; and
Smyth, on
the same, ib., xliii., 1899.
3. NIAGARA Guoci'. -(a) Interior Continental basin.-At Rochester, N.Y., there
are about 80' of limestone, overlying 80' of shale; and the limestone makes nearly the
whole height of the upper fall. At Lockport there is a line exhibition of the rock, and it
includes an ''encriiiital"layer, which is mottled with red, and over it a bed full of delicate Corals. The limestone in some places breaks vertically into small columns, and such
specimens have been called Stylolites. The structure is due, as explained by Marsh, to a
slipping, through vertical pressure, of a part capped by a fossil shell against an adjoining
part not so capped. Such Stylolites occur in limestones of other periods from the Cam
brian to the Carboniferous.
The "Coralline limestone" is only 4' thick at the base of the Helderberg Mountains;
but at Nearpass's quarry, south of Port Jervis, it is 50' thick, and contains numerous
Niagara fossils.
The Guelph limestone (a dolomyte), well seen at Gait and Guelph, in Ontario, western
Canada, and farther west (formerly supposed to be of the age of the SaUna beds), is the
upper part of the Niagara limestone. The thickness in Ontario is about 160'.
The Niagara limestone and shale extend through Ohio and Indiana to Wisconsin and
Iowa. But it is wanting in southern Illinois. The "Clear Creek limestone" of Union,
Jackson, and Alexander counties is probably Lower Helderberg (Worthen). The rock
has a wide distribution in Iowa (where it is in part the Leclaire limestone). Much of it
is cherty, and has the fossils silicified. An analysis, by J. D. Whitney, of a specimen from
Makoqueta County, Iowa, obtained calcium carbonate 5218, magnesium carbonate 4264,
with O35 of sodium carbonate, traces of potash, iron carbonate, and sulphuric acid, O63
of alumina and iron sesquioxidc, and 400 insoluble in acid. The beds form the summits
of some of the mounds, as Table Mound, near Dubuque.
In west Tennessee the Meniscus limestone, 150' to 200' thick, noted for its fossil
the equivalent of the Niagara
sponges, of which one is meniscus-shaped, is probably
limestone.
The Niagara beds of the Black Hills, near Deadwood, were identified through their
fossils, by C. E. Beecher. In the Deadwood section there are Cambrian beds below, rest
limestone, with probably Devonian
ing on Arcluean; above, there is the Carboniferous
strata between.
has not been recognized distinctly in Penn
(h) Appalachian region. -The Niagara
southern
portion of the state there occurs, at varying
sylvania; though in the central and
ore,
a succession of very thin limestones, which,
distances above the uppermost bed of iron
in many localities, contain Niagara forms. This has been placed by Lesley in the lower
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division of the Salina. The thickness of the shale and limestone varies from 160' to 235'.
(J. J. S.)
(c) Eastern Border region. -The Niagara limestone occurs in eastern Canada, some
distance south of the St. Lawrence, being part, according to Logan, of an extensive for
mation, which stretches from northern Vermont, eastward over a part of northern New
Hampshire and northern Maine, to Cape Gaspé on St. Lawrence Bay, as limestone with
some massive and shaly sandstone. The formation embraces also the strata of the Lower
Helderberg, and possibly part of those of the Lower Devonian. Niagara fossils occur in
the lower part of the Gasp limestone, as well as at some intermediate points. They
have been found also near Penobscot Bay.
At Arisaig, in Nova Scotia, there are shales of the Niagara epoch, 1300' thick; and
they occur also in New Canaan and Pictou.
(d) Arctic regions. - In the Arctic, the Niagara limestone has been observed between
the parallels of 72° and 760, on the shores of Wellington and Barrow straits, and on
King William's Island. The common chain coral lialysites catenulatus has been found
at several localities, along with various Upper Silurian species, and also at other places
between 79° and 82° N.
LIFE.
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1. Plants.
Supposed Alge or Fucoids, of branching form, of the genus Buthotrephis,
occur in the Clinton group.
They are various rounded casts looking like
those of stems, or groups of stems, some of which are probably tracks of
marine animals, as already explained.

2. Animals.
In the Niagara series no evidence of fresh-water or terrestrial species of
plants or animals has yet been observed.
Aquatic Vertebrates or Fishes
have been reported from the Clinton beds.
739-743.
The Medina beds contain few fossils.
These are
4)
chiefly Brachiopods and Lain ellibranclis, with rarely

I
T41

Mnu. -Fig. 789, Ltngula
cuneata; 740, Modlolopsia
orthonot; 741, M. primEgonia; 742, Pleurotomarla
litorea; 742. Bucanla triobath. Hall.

Gastropods and Cephalopods among Mollusks. Tracks
of Sea-worms are common, because the beds are of mud
flat and sand-flat origin. The Clinton group has more
numerous fossils, of the same general character, and
partly the same species; but as it includes limestone

beds, there are also Polyp-corals, Bryozoans, and Trilo
bites. The Niagara beds, which were largely formed in
clear, open seas, contain a profusion of fossils of marine
types: Bryozoans, Polyp-corals, Crinoids of various
forms, Brachiopods in great numbers, and various kinds

of Mollusks, with many small and large Trilobites.
The most common of Medina Brachiopods is the
Lingula cunecita, Fig. 739, a wedge-shaped species.

Figs. 740 and 741 represent Lame llibranchs; and 742,
743, Gastropods, the last a Bucania.
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Tracks, probably of a
Sea-worm, are represented by Fig. 744. These tracks
cover large surfaces of the Medjna
sandstone, and are occasionally found in
the Oneida conglomerate.
are
They
simply impressions, the material being
745.

744.

Fig. 744, Harlanla Ham; 745, Cruziana (Rusophycus) bilobata (x 2).Rail.
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sandstone, and without structure internally, except the occasional occurrence
of parallel or concentric layers, due to deposition in the depressions. Fig.
745 represents another form of track supposed to be of Molluscan origin.
The following figures represent Corals, a Bryozoan, and a Graptolite of
the Clinton group: - Figs. 746, 747, one of the common Cyathophylloid Corals
It; _7)0.

749

Tho

I
1

k
CORALS, GRAPT0LITJ, BRYOZOAN. - FIgS. 746, 747, Zuplirontls bi1atrnIis ; 745, a, Pnhtmcyclus rotuloides; 749, a
Monticuilporn; 750, a, Graptolithus Clintononsis. Hall.
of the genus Zaplirentis, the latter a view from above; 748, a small disk
of the genus
shaped Coral; 749, a minutely columnar coral-shaped Bryozoan
view
an
of
the
same.
enlarged
Monticulipora; 750, a Graptolite; 750 a,
Other Clinton fossils are shown in Figs. 751-760. A finely reticulate
is represented enlarged in
Bryozoan of the genus Fenestella (Fig. 751)
characteristic Brachiopod, Pentamerus
751 a.
Fig. 752 is that of the
of the hinge end of the cast of the interior
oblongus, and opposite views
Figs. 754, a represent the Brachiopod,
are given in Figs. 753, 753 a.
DANA'S MANUAL - 35
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on through the Devonian; Fig. 756, a
Atrypa reticularis, which continues
There were also species of
Ghonetes - a genus of the Procluctus family.
Orthoceras.

Figs. 759, 760 represent tracks probably of Mollusks.
The Cruziana (R,usophychus), called also Bilobites (Fig. 745), is a large
Besides these,

759

-

-

7l-7(iO.
- --

-

-

-

52
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fflllc!

758
-'11k1TT/l

MOLLUSKS. -Figs. 751, a, Fenestella prisca ; 752, Peiithinerus oblongus; 758, a, part. of casts of the interior;
754, a, Atrypa reticularis ; 755. a. livattellu congesta ; 75(, Choactes cornutus ; 757, A vienla rhomboidea;
758, Cyclonema canceJiatuin; 759, track of a Lamellibranch (x&) ; 760, track of an Annelid ? (xv. Hall.
other related kinds from the
species, the figure being reduced one half;
Clinton are narrower, and six to eight inches long.
The Cephalopods include Ortlioceras desideratum; also species of the
in its broad beaded siphunele,
genus Discoswus of Hall, near Actinoceras
but having a shorter shell, more rapidly tapering and slightly curved; the

species D. conoidells extends into the Niagara epoch.
Trilobites occur of the genera Cal'imeiie, Dulinunites, Gerau rus, Illrn us,
Hornalonotus arid others, and Sonic kinds are identical with Niagara species.
The remains of Fishes, reported from the Clinton beds of ieniisylvaiiia,

are a small portion of a spine referred to a Shark, named by Clay pole 0)1(-/?Its
Clintoni, together with fragments of what appear to be fish scales and pl;ttes.
The spines from British Upper Silurian beds, on which the genus Oiuhus
was established, are now regarded as portions of the telsons of species of

Cera(i'caris; and the American may be of similar relations, but this is not
deemed probable. See under the Oiiondaga period, page 556.
Remains of a Fish, Dipiaspis Acadica Matthew (1888), are found at West
field, in southern New Brunswick, in Silurian shales that underlie Niagara
The same beds contain
beds, and are supposed to be of the Clinton group.
it
myriads" of the Geratiocaris pusilla of Matthew.
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A few of the many Corals in the
Niagara group are represented in
the following figures, 761-766.
Fig. 761 is one of the Cyathophylloids or
cup Corals; 762, a Favosites, a columnar, tabulate Coral, so named fioin
favu8,
a honeycomb, in allusion to its columnar
structure; 763, a chain Coral, or
761
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CORALS. -Fig. 761, Chonophyllurn Niaguene ; 762, a, Favositos Niagarensis; 763, llalysites catenulatus; ?64
765, HeHolites spiniporus; 766, Stromatopora concentrlca. Hall.
species of Halysites, mostly imbedded in the limestones; 766, a Stromatopora,
a calcareous Hydroid, the lines showing the edges of the
very thin, barely
distinguishable layers.
Figs. 767-710 are the forms of some of the common Crinoids and Cystoids.
In Fig. 767 the arms clustered about the mouth of the Crinoid are perfect.
Fig. 768 has the box-like body of a Cystoid, to which group it is related. It
769

767-770.
N

."

I..A
ClulNoins. -Fig. 767, Icbthyocrinus Iawls; 768, Caryocrlnus ornatUs; 769, a, b, C, Stephanocrinus angulatua;
770, Truostocrlnus subcyllndrlcus. Hall.
had slender arms, three to four inches long, fixed to the top of the box,
which were very fragile and are seldom preserved. The stem is sometimes
found six to eight inches long. The genus Stephanocrinus, Fig. 769, includes
Among Cystoids, Gallocystites Jewetti,
Crinoids with short delicate arms.
Fig. 444, page 429, is very common.
Besides the above forms, the Niagara group has afforded the first of the
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Blastoids, or Bud-erinoids, which, like the typical Cystoids, have no free
arms, and usually are pentagonal in form. A species from the Niagara lime
stone of Ohio is represented, without its stem, in Fig. 770.
771-780.
771

-1 ~773 (1
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B&e.oirxorons. -Fig. 771, Lepta'na rhomboidulls; 772, Piectatiibonltos trirnsversnfls; 778, a, Atrypa nodostriata;
174, Merlstina ('Whitfieidella' nitida; 775, Anastrophla Interplicnta; 176, a, lihynchotreta etineath; 777, a, b,
Atryptna disparills; 715, a, Orthls blloba; 179, a, Sptrit'er Niagarensis; ISO, a, Sp. sulcatus. Hall; except
778, Meek.
Some of the characteristic Brachiopods of the Niagara group are represented, natural in size, in Figs. 771 to 780-all very abundant species.
Tnt

781-784.
\\ \\

\Y))

)

783
lilt ~V~

LAMLTBB.ANOU AND OASTROPOI,s. - Fig. 7I ligiuniI1s (aiadeiisIs; 7, Avicula eniacorata; 788, Platy
stoma Ningarenso; 784,a, I'Iatyccras anguistum.
Lepta3na rhomboiclalis, Fig. 771, is one of the long-lived species -as
it began in the Trenton period and continued on, with little change,
through the Devonian.
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Lamellibranchs are not numerous, - a common fact with limestones.
One of them from the Coralline limestone, and
also from Guelph in Ontario,
is shown in Fig. 781; another more common form, an
Avicula, in Fig. 782.
783,
784
are
of
Figs.
two Gastropods, the latter also a Clinton group
species.
A Plenrotomaria (P. solarioides), from the
limestone,
has
a
diameter
Guelph
of four inches. There were also £onnlari of unusual size.
Cephalopods
include species of Orthoceras, Actinoceras, Discosorns, Huronia,
Goinphoceras,
Trochoceras.
The following figures, 785-789, are the forms of some of the
Niagara
Trilobites, all reduced one half or more. The Lichas Boitoni
(Fig. 786) has
sometimes a length of seven inches, and the JIo'inalonotus
(Fig. 787), remark
able for its small eyes, even a greater length. The
(Jalymene Niagarensis is
similar
to
the C. callicephala of the Trenton neriod (Fig. 690'L
very
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785-789.

761.1

TRILOBITES. -Flg. 785, Dalinaiiitcs llmuliiriis (,< ; 786, Lkhas Boltoni (x . ; 787, Homalonotus deiphinocophalus (x ) ; 788, 11hinus loxus (x . CRUSTACEAN. -TSD, BO3'richla sviuinitrtca; 789 a, nine, natural
size. Hall.
Ceratiocarids, among Crustaceans, occur of large size. The telson, or
over six
tail-spine, of one from western New York, Geratiocaris Deweyi, is
inches long, indicating a length for the Geratiocaris of nearly two feet, or as
great as that of G. Angelini (Fig. 729).
Gharacteristic Species.
1. Medina Epoch.
= Bariania HaW Gcnpp. (1852) = FLcoides
Fig. 744, Arthrophycus Harlani 11. (1853)
Harlani Con. (1838). Fig. 739, Linguia cuneata Con.; Atrppa (TVhitjieldeila) oblata H.;
740, Modiolopsis orthonota Con.; 741,M. primigenia Con.; 742, Pleurotomaria litorea H.;
P. pervetusta Con.; 743, Bucania triiobata Con., different views; Oncoceras gibbosum H.;
Orthoceras multiseptum H.
Clinton Epoch.
rarnosa H. A Lycopod (or Fern) has been
PLANTS. - ButhotrephS (fracilis H., B.
It is of (lOUbtfUl nature.
reported from Ohio by E. W. Claypole (1878).
2.
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ANIMALS. 1. Hydrozoans. - Fig. 750, Graptoiih its Clintonens(s H.
2. Actinozoans. -Figs. 746, 747, Zaphrentis bilateralis I-I. ; FavosUes favosus, Favi
stella favosidea I-I., Paiwocyclus rotuloides H., Cannapora junciform'is H., Halysites
escharoides Lamk., H. eatenulatus, species of Cyathophylium, Streptelasma, Au.lopora,
Diphyphylin m.
3. Echinoderms. - Caryocrinns, but rare.
4. Molluscoids. - (a) Bryozoans. - Fig. 751, Fenestella pnsca Lonsdale ; Ptllodictya,
Stictopora, many species.
(b) Brachiopods. -Species of Lingula, Orthis, Plectambonites, Rhynehoneila, Spinfer, Chonetes, and Pentamerus; Fig. 752, Pen tamerus oblongus Sow. ; some specimens
are twice the size of time figure; the interior of the shell is shown in Figs. 753, 753 a;
Figs. 754, a, Atrypa reticulanis Linu.; Figs. 755, a, Hyatteila con gesta Con. ( = Cama
rella con gesta); Fig. 756, Chonetes cornut us.
5. Mollusks. - (a) Lameiiibranchs. - Fig. 757, Avicula rhomboidea H. ; A. emacerata
Con., Tellinomya machariformis H., abundant.
(b) Gastropods. -Fig. 758, Cyclonenma cancellation I-I.; Bucania tnilobata of the
Medina also occurs here, besides other Gastropods.
6. Crustaceans.
Homaionot.us deiphinocephalus, Calymene Clintoni Van., C. iYiaga
rensis, Geraurus Niagarensis H., Phacops trisulcata Fl.
(a) Ostracoids, or Bivalve Crustaceans. - Fig. 789, Beyrichia symmetnica H., showing
one of the valves; 789 a, same, natural size; B. spinosa ll., Lockport. (b) Ceratiocarids. - Geratiocaris Demoeyi H., specimens of the caudal spine, formerly supposed to
belong to a Fish, and named Onchus Deweyi. Onchus Clintoni of Claypole is from the
Iron Sandstone stratum of Perry County, Pa. (1884, 1885) ; that it belonged to a Fish is
not certain.
7. Eurypterids (Lirnuloids). - Eurypterus prominens H.
Among the Clinton species are the following from the Lower Silurian: Orthis (Platy
strophia) biforata, Lepta?.na (Plectambo nites) sericea, Belieropho ii bilobatus, Galymene
calUcephala. The following are known in Europe: Orthis biforata, Atrypa reticularis,
Ccelospira (Atrypa) hemisphrica Murch., Spirifer radiatus Sow., Pentamerns obiongus.
3.

Niagara Epoch.

1. Spongiozoans. - Astraospongia, Astylospongia, Pakeonzanon of Roomer in Tennessee, in the upper part of the Niagara (or Meniscus) limestone; Astraiospongia meniscus is
the most abundant. (Si!. Faun. W. Tenn., 1870.)
2. Hydrozoans.- Dictyonerna, common; Fig. 766, Stromatopora concentrica Goldf.
3. Actinozoans. -Fig. 761, Chonophyilum Niagarense H. ; Streptelasnma calyculus FT.,
Astroceriurn venusturn H., masses often 2 or 3 feet in diameter; Strombodes gracilis Bill.
762, Favosites Niagarensis H. ; F. Gothiandicus Lamk., F. venustus H.; 763, Halysites
eatenulatus Linn., H. escharoides Lamk., H. agglomeratus H. ; 7(14, Heliolites spiniporus
H. ; 765, an enlarged view, showing the 12-rayed cells, and the interval of a cellular char
acter separating them, both of which are distinguishing characteristics of the genus Heiio
lites; II. interstinctus Linn., H. pyriformis Guettard, Syningopora ret iforinis Bill.,
S. multicaulis H., Aulopora precia H., A. repens.
4. Echinoderms. - Fig. 767, Ichthyocrinus lajvis Con., Lockport, sometimes twice as
large as the figure; 768, Caryocninus ornatus Say, New York, Wisconsin, and Tennessee,
named from Carya, the hickory-nut; 769, Stephanocninus angulatus Con., Lockport; a,
part of the stem, enlarged; b, joint; c, base of the body, showing the 3 pieces of which it
consists ; species of Melocrinus, Eucalyptocrinus decorus Phillips, New York, Kentucky,
Tennessee; Carnarocninus Saffordi 11., Tennessee; Lecanocrinus, etc.
Also Fig. 444
the
Cystoid, Callocystite8 Jewetti H. ; Apiocystites elegans 1-I., A. Canadensis,
(page 429),
and A. Huronensis of Billings, from Anticosti. Troostocrinus subcylindnicus 11. and
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Wh., from the Niagara beds of Ohio, Fig. 770. The Star-fishes, Falaster Niagarensis
H., Glyptaster oeeidei,taUs H.
5. Molluscoids.
(a) Bryozoans. - Many species of delicate Corals of the genus
Fenestella, resembling Fig. 751 ; Trernatopora, and other
genera. (b) Brachiopods.
Fig. 771, LepUvna rhomboidalis Wllck. ; 772, Plectamboniges transversalis Dalman; Stro
phomena depressa Sow.; 773, Atrypa "nodostriata II., the Niagara form of this species;
773 a, same, side view; A. retieuiaris Linn. ; A. rugosa H. ; 774, Meristina
(Whitfield
ella) nitida H. ; 775, Anastrophia interplicata H. ; 776, a, 1?hynehotreta cuneata Daim.;
777, a, b, Atrypina disparilis H. ; 778, Orthis
(Bilobites) biloha Linn., 778 a, same,
enlarged; 0. elegantula DaIm., 0. hybrida Sow., !s,r(cle()3pi,.a pisiforrnis H.; 770, Spir(fer
Niagarensis Con., 770 a, same, side view; 780, a, Sp. suleatus His. ; Pentamerus oblongus
(Fig. 752), a Clinton group species, abundant in the Niagara limestone of the Mississippi
basin ; I'entainerus oecidentaiis H., from the Guelph.
6. Mollusks. - (a) Larneiiibranchs. - Fig. 781, Jlegalomns Canadensis H., from the
Guelph, Canada; 782, Avicula emacerata Con. ; Orthonota curta H.
(b) Gastropods.-Fig. 783, Platyseoma Niagarense H. ; 784, Platyceras angulatum
H. ; 111urch(sonia bivittata H., ill. mcicrOspira H., Sutnilites ventricosus H., Fleurotomaria
solarioides 11.
(c) Pteropods. - Conularia iViagarensis H., C. lonqa H., Lockport.
(d) Cephalopods. - Orthoceras annulaturn Sow., 0. rectum Worthen, Orthoceras
(Kionoceras Hyatt) strix Worthen; Phraqmoceras parvum H. and Whitf., Iluronia Bigs
byi Stokes, H. vertebralis Stokes, Gomphoceras lVabashe use and G. angustum Newell,
Pentameroceras mirum Barrande, Aseoceras Newberryi B., Hexameroceras delphicolum
Newell, etc., Lituites Iarshi Hall, Trochoceras costatum H., T. notum H., T. Desplain
ense McChesiiey.
7. Crustaceans. -Fig. 785, Dalmanites limuturus Green; 786, Lichas Boltoni Bigeby;
787, Jlomalonotus deiphinocephalus Green, one specimen 7 inches long and 5 broad; 788,
Illnus loxus H.; Calymene Niagarensis H., near Fig. 600; Ceraurus Niagarensis H.
Proems Stokesi Murch., at Lockport.
The following genera and species of fossils have been identified in the Niagara beds
of Littleton, N.h.
Favosites basalticus, F. Gothiandicus, Syringopora, Stromatopora,
near
catenniatus,
Zophrentis, Leptana rho mboidaiis, Stropheodonta, Pentamerus
Halysites
muttistriata
H., Pleurotomaria, Dalmanites limulurus abundant.
Knightii, Trenzatospira
In the Anticosti beds there are Cephalopods of the genera Orthoceras, Cyrtoceras,
Oncoceras, Ascoceras, and Glossoceras; and Trilobites of the genera Asaphus, C'aiymene,
Ill'rnus, Phacops, Dalmanites, Encrinurus, Harpes, Lichas, etc., and among these Asaphus
megistos and Calymene Blumenbac.hii.
A section of the Anticosti group, or that of Anticosti Island, on the north side of the
St. Lawrence Bay, opposite Gaspé, is particularly described by Logan in the volume of
the Canadian Survey for 1863 (pages '298-310), and the fossils in its successive parts are
enumerated from determinations by Billings, and also, where new, described by the latter.
The following are some of the species common to the Niagara and Clinton groups:
Halysites catenulatus (Fig. 763).
Caryocrinus ornatus (Fig. 768).
EucalyptocrinUs decorus.
Lingula lamel lata.
Orthis elegaittula (Fig. 723).
Leptnna rhoinboidaliS (Fig. 771).
Pentamerus oblongus (Fig. 752).
Rhynchonella neglecta.
Atrypa reticularis (Fig. 754).
Spirifer radiatus.

Avicula emacerata (Fig. 782).
Orthonota curta.
Modiolopsis subalata.
Ceraurus Niagarensis.
Hoinalonotus delphinocephaius (Fig. 787).
Calymeñe tuberculosa.
Calyinene Niagarensis.
Dalmanites limnulurus (Fig. 785).
lihenus loxus (Fig. 788).
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Foerste reports the absence of several Clinton fossils from the Clinton beds along the
borders of the Cincinnati geanticline in Ohio and Indiana that occur in New York (B. S.
N H., 1889).
According to Salter, a number of species of the Upper Silurian, and probably of this
part of it, have been observed in Arctic rocks on the shores of Wellington and Barrow
Straits and on King William's Island, lat. 72° to 76° ; ffalijslle catcnu1aus, Orthis
elegantula, Favosites Gothiandicus, Leperditia Bai(ica ilisinger, species of (Jatophy?lum,
Heliolites, Gystiphyilum, Cyathoph glium, S!,ringopora, with Fentamerus COflChid?u?Th
Daim., Atrypa reticu1aris, etc. ; and, at the southern extremity of Hudson Bay, Penta
merus oblongus, Atrypa reticularis, etc. Trochoceras boreale Foord is from Wellington
Channel. Between 79° and 82° 5', the expedition of Captain Nares obtained, accord
ing to Etheridge, Corals of the genera Halysites, Favosites, Heliolites, Favistella, Zaph
rentis, Amplexus, Gyathophylluni, and Arachnophyilum, and Trilobites of the genera
Bronteus, Calymene, Encrinurus, and Proetus, with Brachiopods of Pentamerus, R1yn
ehonelia, Giwnetes, Arypa, Stropiwniena. About Lake Winnipeg, also, Upper Silurian
fossils have been found.
See Am. Jour. Sc., II., xxi. 313, xxvi. 110; III., xvi., 1878.
The beds of northern Maine, about Square Lake, described by C. 1-I. 1-Iitchcock, have
afforded both Niagara and Lower I-Ielderberg fossils, and many of them are made new
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species by Billings.
The Niagara beds of the vicinity of Cobscook and Penobscot bays, Maine, contain,
besides Niagara fossils, some of the Clinton group ; the latter, in Penobscot Bay, are
mostly confined to the lower half, but many Niagara species occur with them. (Shaler,
1886; Dodge and Beecher, 1892.)
2. THE ONONDAGA. PERIOD.
ROCKS-KINDS AND DISTRIBUTION.

The Onondaga period embraces two somewhat unlike formations; one,
the Sauna beds of shales and marlytes, or the Salt group, the source of the
brines of central New York and of rock salt in the western half of the
state, as well as in Ontario and Ohio; the other, the Water-lime group, in
general an impure limestone, along with the overlying Tentuenlite limestone.
Each was of shallow water origin, and partly marsh-made; but the former was
produced under conditions suited for the deposition and storing of salt from
the sea water. This classification was first proposed by D. Sharpe, in 1847.

The following sections (Figs. 790, 791, from Hall), taken on a north-and
south line south of Lake Ontario, show the relations of the Onondaga beds
(6,a, b) to those above and below, - they being underlaid in one section
(Fig. 790) by the Niagara beds (5 c), Cliuton (5 b), and Medina (5 a), and
overlaid in the other (Fig. 791) by rocks of the Upper 1-Ielderberg (9),
Hamilton (10 a, 10 b, 10 c) and Portage group (11), the Lower Helderberg
being there absent.
The rocks spread eastward to the Hudson River valley, the Water-lime

occurring as a thin stratum even east of the river in the base of Becrafts
Mountain, near Hudson, N.Y., and also in Mount Bob, a few miles farther
north, in each case resting on the upturned Hudson formation.
They
They extend beyond New York over much
of Ohio, cross Ontario to Lake Huron and northwestward to Mackinac in.
increase in thickness westward.
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Michigan, and thin out in Wisconsin. They also cross
Pennsylvania south
westward. They have not been observed in Missouri, Iowa, or elsewhere in
the Mississippi valley.
They are absent from the Black Hills of Dakota,
700.
a

-..
791.

ua

s.

It' a
Sections illustrating the relations of the Onuidngu beds. Hall.
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and nothing definite is known of their occurrence over the
Rocky Mountain
or
the
Great
Basin,
or
in
California, or any part of the Pacific Coast
region,
region.
The group is 100 to 200 feet thick south of Albany in the Helderberg
Mountains, 800 in Onondaga County, central New York, 1500 at Ithaca,
1600 in central Pennsylvania, 600 in northern Ohio, and only 100 in southern
Ohio.
The two formations, the Sauna and Water-lime, are not consecutive
strata, but more or less cotemporaneous, the Water-lime being thin where
the Sauna beds are thickest.
Sa?aua Group.
The rocks of the Salina group are mostly reddish shales or marlytes, with
little limestone, which is usually dolomyte; or alternations of shales with thick
beds of limestone. In either ease, gypsum and rock salt are often present.
The outcrop of the formation extends as a narrow belt across New York
State, extending from the Hehlerberg Mountains south of Albany. westward,
passing just north of Sharon Springs, Syracuse, and Batavia to the Niagara
River above the Falls, where the thickness is but 300 feet. From this belt it
of the Upper Silurian and Devonian,
dips southward beneath the higher beds
becoming 1000 feet below the surface in 25 miles nearly south of Batavia,
and 1500 feet in 33 miles. At Syracuse the thickness of the formation is
about 600 feet; at Ithaca, 30 miles south of the belt, it is 1230 feet.. In
western Ontario, Canada, on Lake Huron, about Goderich, the thickness is
over 1400 feet, the lower 600 feet consisting of limestone, shale, and salt,
and the rest of doloinyte; and to the south, near Cleveland. Ohio, there are
800 feet of dolomyte.
750 feet of shale, limestone, and rock salt beneath
Salt springs occur in iiiany parts of New York, west of Syracuse and
Lake led, first in 1825, to the sinking of
Tully. Those around Onouclaga
the manufacture of salt by evapo
wells 70 feet to 75 feet deep at Salina, for
in
Rock salt appears to have been first discovered in New York,
ration.
to 1300 feet; but the discovery
Bristol, Ontario County, at a depth of 1200
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that attracted attention was made when boring for gas or oil, in 1878, in
and ten
\Vyoiuing County, a dozen years after the discovery at G-oderich,
years before that near Cleveland, Ohio.
New York
By evidence from borings, rock salt is now known to occur in
at depths of 800 to 3000 feet or more, over an area measuring 150 miles
from east to west, and 60 to 65 miles in width if extending only to the

Morrisville,
Pennsylvania boundary. The northern limit of the area is near
where 12 feet of salt were found, and near Leroy, 100 miles west of
Syracuse, where a bed 40 feet thick exists. To the south, in Livingston
and Wyoming counties, beds of salt occur at depths of 1000 to 2500 feet,
and they have an aggregate thickness of 50 to 100 feet, some beds of pure
salt being 40 to 80 feet thick. At Ithaca, the several beds of salt have
together a thickness of 250 feet; they alternate with shale between depths
of 1900 feet and 3130 feet. At Goderich, six beds 6 to 35 feet thick were
passed in a boring 1617 feet deep; and other localities occur within 40 miles
to the north, east, and south. Near Cleveland (at Newburg) there are four
beds 5 to 50 feet thick in a range of beds 500 feet thick, between 2000 and
The evidence shows that the Goderich basin
is independent of the New York, as pointed out in 1876 by T. S. Hunt.
How it is related to the Cleveland basin is not positively known.
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

2500 feet below the surface.

The strata are non-fossiliferous; but as they include beds of limestone,
this is probably owing to loss of shells and other relics by trituration through
The beds abound in mud-cracks, and
the gentle movements of the water.
other evidences that they were made as mud-flats or bottoms in shallow

The facts are believed to prove that the region through which the
salt beds extend was an area of great salt marshes or flats, or in other words
intervals from the interior
"salt-pans," over which sea water, admitted at
continental sea, evaporated and deposited salt. The fineness of the material
water.

of the shales is such as would

be produced by the gentle ripplings of such

waters
The gypsum in the beds sometimes constitutes layers, but oftener parts
of layers, or imbedded masses, as illustrated in the following figures (from
Hall); but the most of the gypsum is connected with the overlying Water
lime beds. The lines of stratification in the beds sometimes run through

the gypsum, as in Fig. 792; and in other cases the layers of the shale are
bulged up around the nodular masses (Fig. 793). In all such cases, the
gypsum was formed after the beds were deposited, by the action of sulphuric
acid on an imbedded mass or bed of limestone, converting Ca030 into gyp

sum (hydrous lime sulphate = CaO4S + 2 H20). It may be now forming.
Sulphur springs, emitting suiphuretted hydrogen, are common in New York,
Dr. Beck describes several, and
and especially about Salina and Syracuse.
mentions one, near Manlius, which is "a natural sulphur bath, a mile and a
half long, half a mile wide, and 168 feet deep, - a fact exhibiting in a strik
ing manner the extent and power of the agency concerned in the evolution
of the gas," and showing, it may be added, that the effects on the rocks
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below must be on
sulphuric acid, by
noted acid spring
Eaton (Am. Jour.

as large a scale. These
sulphur springs often produce
the oxidation of the
sulphuretted hydrogen. There is a
in Byron, Genesee
County, N.Y., first noticed by Amos
Sc., xv., 1829), whose waters Beck showed to have a
specific gravity of F113. The lamiiue which
pass through the gypsum unal
tered, as in Fig. 792, are those which consist of
clay instead of limestone.
792.

793.

AEI
_
Hudt of gyistitu g) in ilmestono and calcareous siialim. Hall.
The gypsum is usually of an earthy
variety, of dull gray, reddish and brown
ish, sometimes black, colors. That all the
gypsum of the formation had
this source is reasonably questioned. It
may have been in part a deposit
from the same sea waters that
supplied the salt.
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Water-lime Group.
The Water-lime rock, so-called because it is a hydraulic limestone, is an
impure, thin-bedded magnesiau limestone of usually a drab color. It some
times contains a little petroleum. It owes its hydraulic character to its impur
ities, as explained on page 79 (under Rocks). The group has, in general, the
distribution above given for the Onondaga series. In the Helderberg Moun
tains it is about 150 feet thick, and nearly the same in the central part; but
farther north, near Oriskany Falls in Oneida County, it runs out. It con
tains much gypsum, and quarries of it are worked near Syracuse, and also in

Cayuga and Genesee counties. In Northern Ohio, where the Onondaga series
has a thickness of 600 feet, it contains layers of shale; and gypsum is abun
dant at Gypsum, 10 miles west of Sandusky. Hydraulic cement is made
extensively from it in Ulster County, N.Y., at Rosendale near Rondout,
whence the oft-used name "Rosendale cement," but not in Ohio, where the
limestone is not suited for it. The presence of chert is one cause of the

unfitness of the beds for the purpose.
In the New York report by Vanuxem, the salt group between Oneida Creek and
with green spots, 1' to 500' thick;
Cayuga Lake is stated to consist of (1) red shales
and
drab,
alternating with No. 1 near the plane
(2) the Lower Gypseous shales, light green
of junction; (3) beds containing two ranges of gypsum in masses, and often containing hop
limerock of Eaton; and (4) im
per-shaped cavities due to crystallized salt, the Vermicular
surfaces formerly supposee'
or
vertically
grooved
pure limestone containing "Epsomites,"
salts
of
(the Stylolites, mentioned above).
Epsom
to have been made by the crystallizing
of
red
shales,
overlaid by 700' of variegated
In middle Pennsylvania there are 700'
of
the formations overlying the
shale and 200' of gray shale (Claypole). The thickness
is
so
boundary
great that no borings have
York
and
Pennsylvania
Sauna near the New
industries
of
New York, see the Report
and
gypsum
yet penetrated to them. On the salt
1893,
which
contains
maps showing the
of F. J. H. Merrill, Bull. N. Y. State lIIus., iii.,
distribution.
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A dike of a chrysolitic eruptive rock, altered to serpentine, intersects the Salina
described by
group at Syracuse (though now concealed from view), which was first
Vanuxem in 1839, and by Beck in 1842, and has recently been studied and explained by
G. I. Williams (Am. Jour. Sc., 1887).
LIFE.
The fossils that have been supposed to occur in the lower beds of the
Sauna group in New York are referred to the Niagara group, and those at
the top are Water-lime species.
Regarding the Water-lime beds of Ohio as
synchronous with the Sauna and Water-lime of New York, the fossils of
But they are few
the Water-lime stand for those of the Otiondaga period.
in number, the limestone having originated, as its fine texture and impurity
show, in shallow waters, under their gentle
-d)4_797.
triturating action, and differing in origin from
795
797
the Sauna beds in having had more open
o
connection with the Interior Continental Sea.
(

Unquestioned remains of Fishes are among
the fossils and also the first of American

.
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Figs. 794, 795, Tentacuiltes gyracanthus;
796, Leperditla alia; 797, Eurypterus
remipes, the three anterior legs of the
right side mutilated, a young thdlvldunE Meek.

terrestrial species, a Scorpion.
Some of the characteristic fossils of the
Water-lime are represented in the annexed

figures.
Fig. 794 is the more common species
of Tentaculites of the Tentaculite limestone,
and 795 is the same enlarged. It is regarded
as the shell of a small Pteropod. Fig. 796
is an Ostracoid Crustacean (Leperditia aita)

it is very common in the
Tentaculite limestone and
Water-lime. Fig. 797 represents a young Eurypterid
(Eurypterus remipes), a common species in the Water
lime, related to the species of the Trenton period, mentioned on page 513, but of different genus. Some
E. qiganteus, a species
specimens are a foot in length.
from near Buffalo, described by J. Pohiman, was nearly
The under
six inches broad and probably 20 inches long.
surface of E. ren7.ipes restored is shown in Fig. 798; and
on it the segments of the thorax and abdomen are numbered. Anteriorly, the members of the cephalic portion
are five in number of pairs, and they serve both as feet

98.

4

4
5

10
.11
12
is

and jaws, as in the modern Limulus. There are no ante nRestoration of Eurypterus
n corresponding to the chelate or pincer-like antenn
reinipes, ventral view.
of Lirnulus. Behind the legs, an apron-like pair of
M, mouth. Han.
limbs, with a narrow prolongation at the center, per

tains to the first thoracic segment, which has the position of a similar pair
in Limulus.
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Other genera of Eurypterids have their
species in the "Water-lime. One
from Kokoino, Indiana, Garcinosoma
inqens of Claypole (1894), had a length
of 24 inches. In Pterygoeus, which is one of them,
799
there are chelate anteiime at the front margin, and
the caudal segment is broad. In P. acnticaudatus
of Pohiman, from near Buffalo, the telson alone is
(31' inches long.
Crustaceans of the genus Geratiocaris occur in
the same beds.

Arachnids represented by Scorpions. - The
American Scorpion of the 'Water-lime is from
beds at Waterville, N.Y.
it is represented in
Fig. 799, from a paper by R. P. Whitfield (1885).
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Vertebrates. - Remains of Placoderin Fishes,
related to the PieraSpicIS (page 566), occur in the
upper portion of the Onondaga beds of middle

Pennsylvania, and have been described by E. W.
Claypole (1S84, 1892). Fig. 800 represents two
imperfect plates, which are supposed to be parts
of dorsal and ventral shields; Figs. 801, 802, side
views of a dorsal plate, showing also the lateral
plate; Fig. 803, a pectoral fin; and 804, a restora
tion, giving the supposed form of the Fish.
The few fossils of the Onondaga beds, which occur in
Proscorplus Osborni (x 2.
Whitfield.
the non-saliferous portion, exclusive of the Tentaculite
limestone, include the following: Orbiculoidea Vanuxerni H., Meristella sulcata Van., Leperditia aita Con., species of
800

800-804.
801
808
802
V
804

plates, Supposed to be part of ventral and dorsal, in po
PLACODFnM. - Palnnspls Americana: Fig. 800, twothe
lateral plate; 808, pectoral fin; 804, restoration, giving
sition; SOl, 802, side view of dorsal pinto, with
probable form (all x ). Claypole.
Do!iclioPterUS, Ceratiocaris (4 sp.), Tentaculites gyraEnrypterns, Pterygotvs, Eusarcus,
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ca?Uhus (Claypole). The telson in Fig. 797 is half too short; it was partly buried in the
rock when drawn, and has been recently uncovered by C. E. Beecher.
The Tentaculite limestone has afforded Cam arocrinus st.eilatus H. (a form found also
in Bohemia), Stroplieodonta varistriata Con., Spinier Vanuxemi, Tellhiioinya nuclei
formis H., ,Zilodiolopsis (?) dubia H., Avicula obscnra H., Holopea subco'nica H.,
H. antiqua H., H. elongata H., Murchisonia extenuata H., M. minuta H., Oncoceras
ovoides U., Cyrtoceras subrectum U., Spirorbis laxus H., Beyrichia tnisulcata H.
8.

THE LOWER HELDERBERG PERIOD.
ROCKS-KINDS AND DISTRIBUTION.

The preceding Onoudaga formation has been described as extending far
eastward, as well as westward, but as having its greatest thickness in central
New York, central Pennsylvania, and Ohio. The Helderberg beds not only

extend far eastward, but, in contrast with the preceding, have their greatest
thickness to the eastward, and thin out in western New York. They are
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doubtfully recognized in Ohio, 20 feet being the greatest thickness reported.
The representative rocks over the Central Interior Sea have not been
made out.
East of Hudson River the beds constitute the low, isolated elevation
called Becrafts Mountain, near Hudson, excepting its basal layer (the
Water-lime) and the upper stratum, which is of the Oriskany sandstone

with the Cauda-galli grit; also the smaller and similar Mount Bob, not far
distant to the north. Each of these hills is all that is left of a great for
mation after ages of denudation. Logan was probably right in his conclusion
that it once extended northward, along the Hudson River and Lake Champlain
valleys, to Montreal; for similar beds occur on the island of St. Helens in
the St. Lawrence, opposite Montreal, resting on Utica shale of the Lower
Hence the waters of the Eastern Interior Sea during this Lower
Helderberg era had resumed their deep connection with the waters of the
Silurian.

St. Lawrence region about Montreal.
The beds are 300 to 400 feet thick in eastern New York, 30 feet in
central Pennsylvania (Perry County), and 600 in eastern (in Monroe County),
and in New Jersey. They occur also in the Appalachians in Virginia, but not
They are 20 to 100 feet thick in western Tennessee,
and 175 feet thick in Missouri, but are not distinct in Illinois or Wisconsin.
In other words, the beds are either thin or wanting over the Central Interior

in eastern Tennessee.

region.
The St. Lawrence tidal waters of this period must have extended westward
to the borders of Vermont and Montreal and southward along the Connecticut
valley. In Canada, in the line of the Connecticut valley, Lower I-Ielderberg
fossils occur in Dudswell and near Lakes Massawipi and Ayliner.
They are
also found in northern New Brunswick, northern Maine, near Square Lake,
and along the Gaspé-Worcester trough. They also occur in southern New

Brunswick and, near the coast in Pembroke, Me., with many fossils, and in
northern Nova Scotia, within the limits of the Acadian trough.
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The Lower Pentamerus limestone,
Deithyris Shaly limestone, Encrinal
limestone, and Upper Pentamerus occur in eastern New York. The
upper
two of these subdivisions are quite distinct in eastern New York,
though
not separable in the center of the State.
They thin out in Cayuga County.
In the Arctic regions,
Kennedy Channel, latitude 790_800, fossils were
obtained by Dr. Hayes, which, according to Meek
(J. Sc., 1865), closely re
semble those of the Shaly limestone of the Lower
Helderberg of New York.

LOWER IIELDERIInIW. - The Lower Pentamerus limestone, overlying the Water-lime,
to the eastward, is compact, and mostly in thick layers and about 50' thick. The Catskill
or Delth.uris Shaly limestone (No. 3) consists of shale and
impure thin-bedded limestone.
An upper part of the formation was called the Scuteila limestone by Vanuxem in his
Annual New York Report, the &nteila referred to being the discoidal basal plate of an
Encrinite. A bed of limestone corresponding to these two divisions, but without the sub
division, has a thickness of 65' on Cayuga Lake.
Part of the so-called Upper Pentainerus of eastern New York, in the Hudson valley,
according to recent observations of C. E. Beecher, fails of the characteristic fossils of the
group, and is referred by him to the lower Oriskany; it includes the impure limestones
above the Encrinal limestone at Becrafts Mountain, near Catskill, and southward. The
Upper Pentauierus is distinct at Schoharie and westward nearly to the center of the state,
where all the subdivisions of the period merge together.
Becrafts Mountain, two miles east of the Hudson, near Hudson, consists below (1) of
a thin bed of the Tentaculite limestone of the Water-lime; (2) Lower Pentamerus, 40'
to 50'; (3) Shaly limestone, 50' to 60'; (4) Encrinal limestone, 40'
to 50'. Over these occur the Oriskany sandstone and the Cauda805-806.
galli grit.
In west Tennessee, light-blue limestones of this period, abound
ing in fossils, occur in Hardin, Henry, Denton, Decatur, and Stewart
counties. The maximum thickness is about 100'. In southern Illinois there are beds of siliceous limestone underlying the Clear Creek
:.,.
limestone, the lower part of which Worthen refers to this period.
'-p
or
Hudson
the
Cincinnati
liinestones
of
rest
They
directly upon
no
."
age (the Cape Girardeau limestone of the Missouri Report),
Niagara limestone intervening (Worthen).
In the Appalachian region in Pennsylvania, the Lower Helderhas a thickness of 1001
berg, consisting also of impure lirnestones,
or more in the middle belt, and 200' to 250' in the southeastern,
which thickness is maintained along the Appalachian chain

(Rogers).
\
In the Eastern Border region, at Pembroke, Me., slates and
Maine the
hard sandstones occur with many fossils. In northern
thickness,
ff
rock is limestone; and to the north they have great
and
Lower
both
include
Niagara
about Lake 'rerniscouata, and
extends northeastward
ilelderberg (L. W. Bailey). The formation
the larger part C-sTInEAN8. - Fig. 805,
to Cape Gasp, where there are 2000' of limestones,
the
upper beds
Apiocyatites Gobbardi,
referred to the Lower Helderberg by Logan, with
from Hall; 806, AnoNew
toward
southwestward
stretch
probably Oriskany. They also
malocystites cornutus,
trough.
from Meek.
Ilampsh ire, in the line of the Gasp_WOrCester
Lower Helderberg
the
Scotia,
Nova
northern
At Arisaig, in
1293' of Niagara, 500' of Clinton,
beds have a thickness of 1040', and overlie nearly
an extended report on Nova Scotia, in Rep.
and 180' of Medina beds (H. Fletcher, in
Can., 1886).
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LIFE.
Plants supposed to be related to the Equiseta occur in the Lower Helderberg sandstone of Michigan; the species is An'nularia Bomingeri of
Another species from the same region is the Psilophyton cm'
Lesquereux.

nutuni Lesq.
The beds abound in animal fossils, the number of species even exceeding
those of the Niagara group.
Species of the Receptaculites group occur of
large size. Crinoids were rather numerous, and some of them, like Melo
crints nobilissimus, were remarkable for their size and beauty. Two Gystoids
of the period are shown in Figs. 805, 806; the stems of each were fitted for
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807-815.

1

BEA0mOP0D8. - Fig. il)(" 4triI,hone11n ra0iata; 808, a, Rhynelionella ventr1coa; 809, a, Pentnrneru8 galantuB;
810, a, P. poudo-ga1entus; 811, Eutonia s1ngu1L1ri S1, Mcrittdlla sulcata; 818, Orthls vai'ica; 814, SpinIer
macropleurus; 815, Meristolin lwvis. SOT, SOS, hail the others, Meek.
The last of reported Graptolites
anchoring in the mud of the sea bottom.
occurs in the rocks. Polyp-corals were not largely represented; Favo.ites
ilelderbergice appears to have been the most common kind.
Hydroid Corals
and Bryozoans were numerous. Tentaculites were common, and one kind,
T. elongatus, from the Shaly limestone, was three inches in length.
Some of the common Brachiopods are represented in Figs. 807 to 815.

Among them Figs. 809, 809a, are of Pentamerus galeatus, of the Lower

PALEOZOIC TIME -UPPER SILURIAN.

561

Peutamerus limestone, and 810, 810 a, P.
pseudo aleatus, of the Upper Pen
tamerus; Fig. 814 is of Spirij'er
macropleurus, characteristic of the Shaly
limestone.
Species of Spirifer and Orthis, and Gastropods of the genus
Platyceras were numerous.
The Pentamerus
(Anastrophia) Verneulli, Fig. 816, is a common species
in the Shaly limestone; it occurs
abundantly in the
816.
Helderberg Mountains, and also in Schoharie, Car
lisle, and other places.
Orthocerata were few in species, of the
genera
Orthoceras, Gomphoceras, Gyrtoceras, Oncoceras, and.
:
others. A Gomphoceras, 0. parvulum, of Whit\
'
tt'
eaves, Fig. 817, occurs in beds of
the
lower
probably
part of the series in Manitoba. Fig. 817 a shows
Pentamerus (Anastrophia) Veithe form of the aperture.
noulil. Hall.

Among Trilobites occur species of Dal?nanites,
Lie/Las, Acidaspis, Phacops (Fig. 818), Bronteus (Fig. 819). Dalmanites pieu
ropter?fx Green, D. nasutus Conrad, D. triciens Hall, having the front of the
head-shield at the center prolonged into a beak, and three-pointed; Lichas
Bigsbyi Hall, L. pustulosus Hall, ornate with tubercles and having the margin
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of the pygidium deeply dentate, are among the species.
817-819.
817.

818.

819.

817 a.

CEPHALOPOD. - Fig. 817, Gomphocorns parvnlurn; 817 a, upper view showing aperture. Tan.onrras. - Fig.
818, Phacops Logani; 819, Bronteus pompllius. 817, 817 a, Whlteaves; 818, Hall; 819, Billings.
An upper view of the head of Acidaspis tuberculati is shown in Fig. 820,
a section of a segment of the thorax in 821, and the pygidium or caudal
is a dorsal view of the young of the same Tri
extremity in 822. Fig. 824
as described by C. E. Beecher.
lobite, when but a twenty-fifth of an inch long,
all head; only a small lower
As the figure represents, the larve is nearly
to the posterior portion of the body. Fig. 825
part of the figure corresponds
shows the larval Acidaspis in profile.
and a few Polyp-corals are described by
The genus Mon ticulipora and many others
in Part vi., vol. iii.; also Brachiopods,
Hall in Pal. .N. Y., vol. vi.; Criiioids and Cystoids
Trilobites in the same; Pteropods in vol. vii.
Gastropods, Cephalopods, and
DANA'S MANUAL-36
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Characteristic Species.
Some of the species of the subdivisions from eastern New York are : 1. LOWER PENTAMERUS. - Lepadocrinus &ebhardi, Rhynciwneila semipiicata, Penta
merus galeatus, Meristeila iwvis (also in the Shaly), Favosites iIelt/erberqite.
2. SHA LY LIMEsToNE. - Henupronites rliatus, H. pu ctuiferus, On/i is oblata, 0.
planoconvexa, 0. varwa, Eatonia sinyularis, Spirfer mueropleurus, Sp. perlaineliosus,
Sp. cyciopeerus, Flat yceras ventnicos inn, Dulmanites pi'U nopteryx.
3. UPPER PENTAMERUs. - Pentainerus pseudoga/eatus, Rhynehonelia ventricosa,
B. nobilis H.
820

820-825.

2

824
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Tr

Acidaspis tuberculata, Fig. 820, upper view of head of an adult (1&) ; 821, segment of thorax (1k) ; 822, pygldium of adult (x ); 828, pygidlurn of young (x 8); 824, dorsal view of larva (x 80) ; 825, profile view of
same (x 80). Beecher.
Atrypa recticularis and Leptcuna rhomboidalis of the Niagara are supposed to be the
only species that are continued into the Lower Helderberg.
Some of the genera are as follows: 1. Spongiozoans. - Stromatopora, very common in the Lower Pentamerus, constituting in some places a bed 3 or 4 feet thick. Also Ischadites, II India, Receptaeulite

infundibul(torrnis.
2. Actinozoans. - Streptelasma, Zaphrentis, jllicheiinia (begins), Facmites (of which
F. Helderbergie is often a foot across), Aulopora.
3. Echinoderms. - Lepadocniuns, Ano7nalocystites, Sp&rocystitcs, .Meiocrinns, Cur
dylocninus, Edriocninns, flomocrinus, Ooronocrznus, Protusten (P. Forbesil H.).
4. Brachiopods.- Orthis (many species), Strophomena (Leptuna of Hall, 1802),
Stropheodonea, Ghonetes (2), Rhynchonelia (numerous species), Pentainerus, Eatonia,
Anastrophia, Spirifer (very many, some with dichotomizing ribs, a feature especially of
later time), tJyrtina, Trematospira (several species), Meristelia, Atrypa, Bensselaria.
5. Mollusks. - Laniellibranchs. - Aviculopeceen, Mf/til(l'Ca, .1feci ?fl bun ut, C//J)niC((r
dinia, Conocardiurn.
Gastropods. - Flatyceras, Platystorna, Hoiopea, Loxonema, Murehisonia, P/en ruto
maria, Strophostylus, Eiwmphalns, Bucan (a.
Cephalopods.- Orthoceras of several species, Oncoeeras ovoides H., Cyrtoceras.
Pteropods. - Conulania, Tentaculites, and IlyoUtlies.
6. Crustaceans. - Besides those mentioned, Brontens, Homalonotus, Cypluispis,
Proetus. The Ostracoid genera, Leperditia, Beyrie/tia, .1Eehmiua.
The Lower Helderberg beds, near Eastport, southeastern Maine, include Pa i'osifrs
cervicornis, Leptna rhomboidalis, Chonetes Rovascoticus, Rhiynelioiu'lla 11ilsO,iI, Jtnijpa
reticulars, Orbicluoldea tenuilarneilata, Spirfer suicatus, Orthis elequntulu, Avirula
naviformis, C'alymene Blumenb.'irhii, ilonzaionotns Dawsoni, Conuiites flexuosus, Tenta
culites distans, Beyrichia lata, and others (W. A. Rogers).
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For a list of 103 Upper Silurian
species found at. Arisaig, Nova Scotia, see H. M. Ami,
Nova Srotja Inst. SC., 1802. In this
papt'r Ami remarks ('U the relations of the fossils
that they are much closer to the Ludlow
roeks of Kendal, in Westmoreland, England.
than to either the Upper Silurian
species of Antieost.i, iii ( )iitari, or t)iost of the state of
New York." The species range from the
Medina to the Lower llelderberg.
Hall remarks (hill. many Niagara
have heir nearly related or representative
species hi tin' Lower I lthLerls.rg thus, Or(hi eh'qci,:g,la is
represented by 0. nF,carutat(L
and 0. I1''l('/(11l. t" '!Frida by 0. (il,lalvc and
0. disrwt ; 0. puncIofria1a by 0. tubuhutHItu ; Npiri;r
iaiarv',ifs by N. macropIe'urns; N. iuleatus by S.
)wr!amello8us;
S. rripu by S. eyclupIe.us;
Sruphuzena (0rt/othetei) ;ibplanu by S. (0. ) JIooZ.
wurthana. So also Penlamcrusforizjcattgs of the Clinton i8
represented by P. galeatus.
FOREIGN.
The rocks of the Upper Silurian are
widely distributed over the globe.
though less universal than those of the Lower Silurian. The' occur in Great
Britain, eandinavja, Russia, Germany, Bohemia, and Sardinia, and in Asia.
Africa, and Australia. They seem on a
geological map to cover but sinai]
areas. but only because they are concealed
by later formations.
The rocks in Great Britain where best
displayed are subdivided as
follows: -
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1.

May Hill (Gloucestershire) Sandstone) or Upper Liandovery group.
Sndst.olies. with some arenaceous limestone (. Pentainerus limestone
which terminate above in the Tarannon shales. - American Equit'&ene, the
Medina and Clint.on groups.
2.

Wenlock Group. -Consists of (1) the Woolhope beds, limestone and
Shale; (2) \Venlock shale; (3) \\enlock or Dudley limestone. - Amer.
Equiv., the Niagara shale and limestone.
3.

Ludlow Group.-Consists of (1) the Lower Ludlow rock; (2) the
Aymest.ry limestone; (3) the tipper Ludlow; (4) Tilestones. - Amer. Equiv.,
the ()uon(la.ga and Lower Hehlerbevg groups.
These subdivisions are well exhibited in Shropshire or western England and
in eastern and Southern Wales. Between the 'l'ilestones and the Ludlow are
(me or two thin bone-beds consisting of remains of Fishes and Crustaceans.
lii North Walt's, anti in Westmoreland, Cumberland, southern Scotland, and
SOtLtlI Vest(' vu Ireland, the beds are mostly grits and shales, anil are much
The WTenlock group is repreupturned, with the Subdivisions not distinct.
sented by the Denbighshire grit in North Wales, and the Coniston grits in
Cumberhuni. The thickness is stated to be from 30(H) to (HIi) ftet.

over a large a rca south of the Gulf
Upper Silurian lwtls outcrop: in Russia
of Finland; in southern Sweden; about Christiania and some points to the
north in Norway; in the Bohemian basin near Prague, where Barrande's
formation E correspOn(IS to the Niagara and Onontlaga periods, and his
F. (1 H. approximately to the Lower Hehlerberg and ()riskany ; in the
in the eastern Hartz, where the
F'ichtelgebirge; and the upper section only
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beds are the Hercynian of Beyrich; and under this name are placed, by
Barrois, beds occurring at Erbray in the Lower Loire.
They have been
identified also in Sardinia, India, China, Australia, New Zealand, and the
Argentine Republic.
LIFE.
The Wenlock and Ludlow beds abound in fossils, especially the former,
Evidence of British
which represent nearly the American Niagara group.
land plants occurs in the Ludlow beds; the earliest of British Fishes
- in the Lower Ludlow; the earliest
species of Pteraijis and C'ephalaspis
of Scorpions, in the Upper Ludlow and the Upper Silurian of Gothiand,
Sweden.
826-831.
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Pig. 828, Omphyrna turhinata; 827, Cystlphyllum Sllurlenso; 828, (Irotalocrlnus rugosus; 829, Pontainorus
Knlghtil; 880, Grammysia clngulata; 881, a, Phrygotus bilobus. 829, 827, from Edwards and liattue;
828, Murohlson; 829, Brown; 880, Nautnanu; 881, Salter.
LAND PLANTS. -The Pachylheca of Hooker is supposed to be the spores
or sporangia of a terrestrial plant (Q. J. G. Soc., xxxviii., 107, 1882).
The
Denbighshire grits of the Wenloek of North Wales have afforded the 1\Tema
tophyton of Dawson, having loose tubular cells within, supposed to be from a
tree of large size, but now admitted to he a Seaweed.
The, earliest of well
defined ferns has been described by Saporta for the sehists of Angers, which
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It is a portion of the frond of a

ANIMALS. -The genera. of Corals, Crinoids,
Brachiopods, Trilobites, and
of other classes are to a large extent the same as in America. A
Crinoid of
an unusual form is represented in
Fig. 828, a CrotalocrfnlLs; Corals, in Figs.
826, 827; a common Pentameru, in
Fig. 829.
Trilobites are common, as in the American rocks. Some of the
species
are represented in Figs. 832-841.
832,
835,
and
838
are
of
Figs.
species
from the Wenlock; Figs. 833, 834, 836, 837, 839, and 840
below,
and
range
all but 840 above, the Wenlock.
Fig. 831, from Salter, is that of a large Limuloid, of the genus Pterygo
tus, from the Wenlock beds. It shows well the chelate termination of the
antenn, but it is imperfect in wanting the four
pairs of slender legs which
832-841.
889

832

(S

841

U..
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Fig. 832, Sphtrexochus mlrus; 833, a, Cheirurns blmue.ronafts; 834, a, Encrtnurus punctatus; 835, E. varlolaris;
836, a, Phacops Downingli; 837, Acidaspis BrightIl; 888, A. Barrandit; 889, Cyphaspts megalops; 840, Free
tus IntU'ons; 841, Iiorniaspis Ilinuloidee. Figs. 832 to 840, after Murchison; 841, after Woodward.
are situated between it and the large posterior pair (see page 623). The
jaws in the figure, one of which is separately shown in Fig. 831 a, are the
basal portions of the posterior legs.
Fig. 841 represents the Ilemiaspis lirnvlo ides of Woodward, a form inter
mediate between a modern Limulus and the Eurypterids; the genus has
beds.
species in both the WTenlock and Ludlow
A Ceratiocaris of the Ludlow group is shown in Fig. 842. Fig. 845, a
Sharks, Onchus), is supposed to be from a
spine (referred to a genus of
Ceratiocaris.
The first of Arnphipocl Crustaceans, Necrogammarus Salweyi, is reported

from the Ludlow.
A Scorpion has been found in the Upper Ludlow beds of Lemahago in
Lanarkshire, Scotland, and in beds of nearly the same age in Gothiand,
nuncius by Torell and LindSweden; the latter is named the Palceophonus
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strom, the generic name meaning the ancient murderer. Both specimens have
traces of spiracles, showing them to have been terrestrial species.
842.

Ceratiocarle papLito. Salter.
The wing of an insect, Pukeobiattina Doiwiliei of Brongniart, has been
found in the sandstone of Jurques in northwestern France, and for the pres
ent it is the oldest known insect.
Its relation to the Cockroaches, which is
thought probable by Brongniart, is questioned by Scudder, a Neuropteroid
character being thought more probable. The sandstone is of the age of the
May Hill sandstone of England, at the bottom of the Upper Silurian.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

Jaws of Annelids of several species have been described by Hinde from
Wenlock and Ludlow groups.

the

Fish-remains occur especially in the bone-bed below the Tilestones,
and also in the Tilestones. Fig. 843 represents a head-shield of Pteraspis
Banksii Huxi. & S. Fig. 844 is the head-shield of a C'ephalaspis-so named
from the Greek for a shield-like head. A complete animal, but different in
species, and from the Devonian, is shown in Fig. 980; and Fig. 846 repre
sents probably part of the jaw-bone of a C'ephalaspis.
$I:I7.

Fsuze. - Fig. M. PLerapIA BankII head-hIehI 844, Cophala.pii' MureIiIiont, InItlo of hed.1hIel4l ; 515, spine
of Onchu 1enuIsfflatu
CcrftLIlcark Icniil'itrIaLs; Siil, hart of jawbone of CoptialnpIs(?) ; SIT. t'.hngre'n
ptecea (fl, Thetodus parvidene. Murehicon.
Fishes of the Shark tribe are supposed to be indicated by spines, teeth,
and portions of the shagreen, or skin; but all are doubtful.
A number of
Upper Silurian Fishes have been hdescribed from the rocks of Russia and

Bohemia, including species of Goccosteus and Plerichthys, and the fin-spines
of Sharks.
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Characteristic Species.
1. Upper Liandovery.
Petraia, species of Favosit's, Heliolites, Syringopora, Haiysites, Omphynia, Pahuociclu., Act inoc.rinus, Faia..'echin its, Tentaculites ornatus, Corn u
lites serpularius, Ctxlospira $Cotica, Rhynchoneila
neglecta, Meristella angustfrons, Stro
phomena arenaeea, S. c'oinpressa, Pcntamerus oblongus, P. cau(latus, Stricklandinia lens,
S. lyrata, Orthis lata, 0. calligramma, 0. eiegantuia
Lyrodeiza cuneatum, Pterinea sub
kevin, Murchisonia anIulata, If. articulata, Cycionema quadristriatum, Euomphalus ala
tus, Raphistoina lentjcuia,e, Ilolopeila obsoleta, Jonularia, Ualymene Blumenbach ii,
I?nerin urns punctatus, Ilkenus Thomson i, Proetus Stokesi,
I'hacops Stokesz ; also
Trinucleus co ucentricus, Liehas laxatus, Acidaspis, etc.
2.. Wenlock Group.
l'etraia bina, Cyathophylium truncatun4 Linn., Favosites (oth
landicus, F. .Ubrosus, IIaiystes catenulatus, II. intcrsttnctus, Byriug'pora bfurcata, Cysti
phyllvm Siluriense (Fig. 827), Stenopora fibrosa, .Ptilodictya scalpellnm, and many other
Bryozoans ; Eucalyptocrinus decorus, Aetnwcrw us simplex, Crotaiocrinus rugosus (Fig.
828), Marsupiocrinus caiiatus, Atrypa reticularis, Ort/its elegantula, Rhynchone/la LI ilsoni,
R. nucula, Pentainerus galeatus, Lepta'na rhomboidalis, Spirfer elevatus, AS. sulcatus,
.Nucleospira piston, Oboiu.s Davidsoni, Turrilepas, Modiolopsis complanata, Uonocardtu in
Equicostatuin, Plerinea 'retrq/iexa, Graminysia cinynlata (Fig. 830), Orthoceras, Lituites,
Actiiwceras, Tentaculites ornatus, ACi(laSpis coronata, A. hamata, (Jalymene tuberculosa,
liomalonotus de(phin.ocephalus, Lichas zing/lens, l'hacops caudata, ..Encrfnurus variolaris.
3. Lower Ludlow. - Pakeasterina priinara, ..Protaster AS'edgwickii, P. hirudo, Out
ph yma turbinata, Rhynclioneila Wilsoni, R. navienla, Cyrtia exporrecta, .Spirifer crispus,
Strophonella enqijpha, Atrypa reticularis, Lin gala lata, Pentamerus yaleatus, Orthonota
u/li n is, Loxonema sinuosum, Orthoceras Ludense, 0. ann ulatum, Ph ragmoceras, Lituites
giga nteus, Caiytnene Biumenbach ii, Phacops ca u(krta, P. loizyicaudata, Proetus latifrons,
Acidaspis Brightii, Lichas A ;uilicns, Homalonotus delp/iinocephalus, C'yphaspis megalops,
lie in laspis sperata.
4. Aymestry Limestone. - Tentaculites ornatus, Cyathophyllum truncatum, Penta
merus Knightil (Fig. 820), Atrypa reticularis, Rhynchone/la IViisoni, B. navicula, ii.
Sti-icklondi, Liflf/ula Lewisli, L. iota, Strophonella euqlypha, Meristella ( JYhitfieldella)
(li(l?/inO, C'honetes striatelins, Bellerophon dilatatus, B. triiobatus, Lituites giga ate us,
Orthoceras te,,uiannulati.tin, Pterinea Sowerb,i, P. hians, C'alnzene Blumenbachil,
Hoiii a/u not us deiph in ocephal its, P/i aCOJIS ca udata.
5. Upper Ludlow. - Lingula niinima, L. iota, OrlAiculoidea rugata, Atrypa reticularis,
lih.ync/wnella 117/soul, Orthis eleqantula var. orbicularis, 0. lunata, Stropheodontu filosa,
AStrophonella e uqlqpha, C/t.o,u'tes striate/ins, U. latus, Orth unota anqulfera, Flat ysclt isina
helicites, Holojiella ObSOiPt(i, II. qreqaria, /1. conica, Cycloneina coral/ii, Murchisonia
coral/ii, Bellerophon earinatns, Orthoceras l)uhlatum, Hoinaicinotus Knightil, Encrin urns
ii, Ceratiocaris, Diet yocaris,
pllflOt.atU$, Ph acops Down lug ii, Calyme ne Blumcnbaeh
Entomis, Beyriehia, Leperditia, Eurypterus, Pteryyotus bilubus (Fig. b.l ), Slim,nia,
8t!//On 1IrUS.
Fishes from the Lower Ludlow include only Seaphaspis (Pteraspis) Ludensis ; from
the Upper, mostly from the bone-bed, Cephalaspis ornatr:, C. Jlnre/ii.suni, Plectrodus
vi irab ills, P. pli'iupristis. Pteranpis Banksii, P. truncatu, AS'cap/i odus Ludensis, Thelod us
also, in the same rocks Coprolites
parvklens, T/iqsetes verrucosus, and others. There are,
of
the
shells of the Mollusks and On
from some of these Fishes, containing fragments
been
found in the upper part of
have
also
noids on which they fed. Remains of Fishes
the Upper Silurian of Russia and Bohemia. tjtenaeanthus Bolteniicus Barr, abundant in
Stage G.
The Hercynian fossils of the Hartz and Erbray have closer analogy with those of the
Lower Helderbeng than with those of the Upper Helderberg, but they also have close
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analogy with the Oriskany in the large number of species of Platyceras, Spirfer, and
Strophornenids. (J. M. Clarke, on the Hercynian Question, 4d Rep., Rep. N. Y. State
Mus., 1880.)
All writers have made the Limuloids of the Middle and Upper part of the era good
evidence of equivalency. But there are large species in the Lower Silurian; and, more
over, they may have lived in brackish or fresh waters, as some facts render probable, so
that they really have very little chronological value.
According to Barrande, the following are characteristic species of his subdivisions,
E, F, G, H, of the Upper Silurian of the Bohemian basin: E. Graptolitic slates, passing above into limestone., corresponding to the Niagara
period. Many Graptolites: llalysites catenulatus, Leptcena rhomboidalis, Atrypa (Dayia)
navicula, Fentamerus Knightii, Rhynchonefla, Spinier, Orthis. Many species of Ortho
ceras, and others of Cyrtoceras, Gonzphoceras, Trochoceras, etc. ; Calymene, Phacops,
Lichas, Gyphaspis, Illcunus, Cheirurus, Acidaspis, Proetus.
F. A dark limestone, cherty above: Favosites Gothiandicus, F.fibrosus; Orthis palli
ata, Atrypa reticularis, A. cornata, Pentamerus qaleatus, 1-?hynchoneiia, Spinier, Lepuvna
Verneulli; Phacops, Lichas, Bronteus; Tentaculites, Goniatites.
G. A cherty or impure limestone, with an intermediate shaly layer: Atrypa reticu
laris, Pentainerus; Tentaculites ornatus; Litnites, Goniatit.es, Onthoceras Midas; Phacops
fecunda, Dalmanites Hausmanni, Bronteus, Cheirurus Stern berqi, Proetus, llarpes.
H. Shale and sandstone: Leptcena, Orthoceras, Lituites, Goniatfles, Phacopsfecuncla,
Proetus, Tentacuiites.
In Russia, on the Baltic, south of the Gulf of Finland, the four subdivisions, G, H, I,
K, have afforded the following species: G. Rh.ynchoneiia affinis, Strophomena pecten,
Orthis Davidsoni, Pentamerus borealis, Leperditia Keyseriingi, Phacops eleqans.
H. Dolomytes and Coral limestone: Syningopora. bfurcata, Favosites Gothiandicus, Hal
sites, Pentarnerus oblongus. I. The Lower Oesel Zone, clolomytes = Wenlock: Eu.om
phalus fu natus, Orthoceras an nulatum, Spirfer cnispus, 01-this elegant u la, Lepta' na.
transversalis. K. The Upper Oesel Zone, limestones: Pteninea retroflexa, Chonetes
striatellus, Spinifer eievat us, Beynich ia tuberculata.
In New South Wales occur Favosites Gothiandicus, Heliolites interstinctus, Calymene
Blumenbaehii, Encrinurus punctatus, Phacops caudata, Atrypa retienianis, Strophmnena,
pecten, Pentanerus Knightii, P. oblongus, .3leristella tumida, Orthoceras ibex.
American Upper Silurian Species Occurring Elsewhere.
Halysites eatenulatus, Niagara, Great Britain (Liandeilo, Wenlock, Aymestry), Norway,
Sweden, Russia, Eifel.
Heliolites pyniformis, Niagara, Great Britain (Wenlock, Ludlow), France, Sweden,
Russia, Eifel.
Favosites Gothiandicus, Bohemia.
Eucalyptocrinus decorus, Niagara, Great Britain (Wenlock), Scandinavia.
Orthis elegantula, Clinton, Niagara, Great Britain (Wenlock, Ludlow), Gothiand.
Orthis hybnida, Niagara, Great Britain, Gothland.
Orthis biloba, Niagara, Great Britain (Wenlock), Gothiand.
Plectambonites transver8alis, Anticosti, Great Britain (Wenlock), Gothland.
Leptama rhonzboiclatis, Trenton, through Upper Silurian, into Devonian, Great Britain
(Wenlock, Ludlow), Sweden, Russia, Belgium, Eifel, France, Spain.
Strophornena rugosa, Niagara, Helderbery, Great Britain (Wenlock, Ludlow), Gothland,
Russia, Eifel.
Spirifer crispus, Niagara, Great Britain (Llandeilo, Wenlock), Gothiand.
Atrypa re&icularis, Clinton, Niagara, Helderberg, Great Britain (Wenlock, Ludlow),
Gothiand, Bohemia, Russia (lJrals, Altai).
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C&ospira Scotica, Clinton, Great Britain (May Hill).
Rhynchonella bideniata, Niagara, Great Britain (Wenlock).
Rhynchotreta cuncata, Niagara, Great Britain (Wenlock), Gothiand.
Rh:ichoneiia Wilsoni, Niagara, Great Britain (Wenlock).
.Rh?/nchonella Strickiandi.
Pentamerus galeatus, Ileiderberg, Great Britain (Wenlock, Ludlow), Elfel.
Pentamerus brevirostris, Niagara, Great Britain (Devonian).
Feutanierns oblongus, Clinton, Niagara, Great Britain (Wenlock).
Pentamerus lnis, Great Britain (Wenlock). - P. Knigheii, Great Britain (Ludlow).
Anastroph ia interplicata, Great Britain.
Belle rop/zo ii bilobat US, Trenton to Clinton, Great Britain (Wenlock).
Ortli oceras an nulatum, Clintofl, Niagara, Great Britain (Wenlock, Ludlow).
Orth oceras virgatum, Niagara, Great Britain.
Calyniene tuberculosa, Niagara, Great Britain (Bala, Wenlock, Ludlow), Sweden, Norway,
Bohemia, France.
Homalonotus deiphinocephalus, Clinton, Niagara, Great Britain (May Hill, Wenlock).
Proetus Stoesi, Niagara, Great Britain (Wen.lock).
Trin uclens concentricus, Trenton, Hudson, Great Britain (May Hill).
Tentaculites ornatus, Water-lime, Great Britain (May Hill, Ludlow).
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Arctic American Upper Silurian Species Occurring Elsewhere.
Stromatopora concentrica, Great Britain, Eifel.
Halysites catenulatus, Great Britain, Norway, Sweden, Russia, United States.
Farosites Gothiandicus, Great Britain, Sweden, United States.
Favosites polymorphus, Great Britain, France, Belgium, Eifel.
Receptaculites Nept an i, Great Britain, Belgium, Eifel, United States.
Orthis elegantula, Great Britain, Gothiand, Russia, United States.
Atrypa reticularis, Great Britain, Gothiand, Urals, Altai, United States.
Fe ntamerus conchidiv n, Gothiand.
Encrinurus lvis (?), Gothiand.
Leperditia Baitica, Gothiand.
The number of Lower Liandovery (top of Lower Silurian) species that are known to
pass into the Upper Silurian in Great Britain is 104 in 45 genera, out of a fauna of 204
species in 68 genera (Etheridge).
Devonian Relations of the Lower Helderberg Fauna.
This subject has been ably discussed by J. M. Clarke, in the 42d Annual Report of
the New York State Museum, 1889, under the title "The Hercynian Question." The
terms Here ynian shales and Hercynian fauna were first given by E. Kayser, in a paper
on the oldest Devonian formations of the Hartz Mountains, to the second of four for
mations in the region - the "Unterer Wieder Schiefer" of A. ltoeiner. It contains the
oldest fauna of the Flartz, and was pronounced by him the oldest or lowest Devonian,
and also the equivalent of Barrande's Upper Silurian divisions, F, G, 11.
Clarke gives the following summary of the history of Hercynian ideas: "A. ROEMER,
in 1843, regarded the fauna in the Hartz, in its typical development, as Upper Silurian;
but subsequently made the Cephalopod facies and Brachiopod fades thereof represent
distinct faunas, the former Devonian, the latter Silurian. Beyrich, in 1867, believed the
to the Bohemian F, G, H, and
two faunas of Roemer one, and suggested their equivalence
their unity and Devonian
demonstrated
in
1878,
their relation to the Devonian. KAYSER,
and
as
Devonian,
representing a calcareous
character and regarded them as the lowest
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fades of the Coblenzian fauna of the Rhine, and paralleled them with the Bohemian faunas
of F, G, H, taken in their entirety ; in 1880 he regarded them as a lower (not lowest) Devo
nian fauna and still as a calcareous facies of the Coblenzian; but in 1884 he appears to have
resumed his original position as to the age of the ilercynian, and modified his conception
of the parallelism with the Bohemian fauna by removing from his equivalent the lower
BAitnols, in 1889, made the ilercynian lowest Devonian, but dif
portion of F. . .
fered from Kayser (1878, 1880), in regarding it, not as a calcareous facies of the Spirifer
sandstein or Coblenzian, but as such a facies of the older Gediniiian, considering the
Bohemian G as its equivalent."
Kayser concluded further that the Lower Helderberg formation of America was
Hercynian, that is, lowest Devonian, contrary to the views of Barrande, who had made
it Upper Silurian, and the equivalent of the three divisions in his Bohemian system just
mentioned. In his recent Le1rbnch (1801), Kayser leaves the Water-lime in the Upper
Silurian.
Some of the alleged Devonian characteristics of the Lower Flelderberg are: its many
species of Daimanites of the D. Hausmanni type; its species of Phacops, of the type of
P. fecunda, and of Homalonotus, of the type of H. Van uxemi; the occurrence of many
species of Flat yceras; the special Devonian features among several genera of Brachiopods
and Larnellibranchs. On the contrary the formation is unlike the llercyniau in containing
no Goniatites, and like the Silurian in including several species of Cystideans. Mr. Clarke
presents in his paper a full account of the discussion ; and while he unhesitatingly refers
the Oriskany formation to the Devonian, on the ground of its fauna, he leaves the question
as to the Lower Helderberg without a decision. No attempt is made to compare the
American fauna with that of the Ludlow beds of England, which is really the typical
fauna of the later part of the Upper Silurian-the limits of the Devonian and Silurian
having been first laid down by Murchison and Sedgwick.
GENERAL

OBSERVATIONS

ON

THE

UPPER

SILURIAN.

GEOLOGICAL AND GEOGRAPHICAL CHANGES DURING THE UPPER SILURIAN.
NORTH AMERICAN.
in the region of the Appalachian geosyncline. - As in the Lower Silurian,
the successive formations have their greatest thickness along the Appalach
ian geosyncline, and at the same time limestones were the prevailing rocks
of the continental interior.
The thickness of the argillaceous beds and sandstones of the East indicate
that during the Niagara period the deepening of the geosyncline amounted,
in Pennsylvania, to at least 1500 feet in the Mediua epoch, over 2000 in the

Clinton, 1500 in the Niagara and Onondaga, and 500 in the Lower Helder
berg, - in all 5500 feet. In the Onondaga period, the subsiding area extended
up into New York, west of its center; for it was there that the Onondaga

beds were formed to a thickness of 1000 feet, with evidence in many parts
of shallow-water origin. In the Lower T-Ielderberg, and in the following
Oriskany periods, the greatest thickness of the beds was in the eastern half
of the state.
No sediments for rock-making over the continent from the Atlantic Ocean. Although the Champlain channel between the St. Lawrence seas and those

of New York was again opened wide during the Lower Helderberg period, it

PALEOZOIC TIME - UPPER SILURIAN.

b71

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

still gave no passage to coarse sediments; for
the rocks formed over the
channel were mainly limestone.
So again, over the continental border from New
York to Georgia, since
Upper Silurian rocks are unknown along the border region, no sediments were
supplied to the interior sea across this border from the Atlantic.
Upper
Silurian beds may exist there beneath the Cretaceous or
Tertiary formations,
or in the sea bottom outside; but if so, the broad
region of Archean making
the protaxis, without Upper Silurian beds, lies
between. The Continental
interior received no Atlantic sediments.
It has further been shown that the
Upper Silurian formations of New
England and eastern Canada and Newfoundland were in general made, not
on the borders of the open ocean, if so at all, but within the
limits of
channels or bays bounded by Arcluan
ridges, or ridges of Archan and
Lower Silurian rocks.
Of Pacific sea-border beds belonging to the
Upper
Silurian nothing has come to light. In the Arctic
regions the rocks occupy
a large basin or area, quite distinct from that of the Continental
Interior.
Its limits are unknown.
influence of the Cincinnati geanticline. - The influence on the eastern
interior sea of this barrier of emerged land and shallow seas was
strongly
marked.
Owing to changes in level that were in progress, shifting the areas
of deepest water, large changes were made from time to time in the courses
of the tidal movements, in the character of the depositions, the clearness or

foulness of the water, and accordingly in the character of the life. With
clear, deep waters, life of great variety abounded and limestones were
formed; but with sediment-laden waters, or waters half freshened by contri
butions from the land, the living species were only those that could survive
under such adverse circumstances.
Abrupt variations in the rocks and. the life become thus intelligible.
It is hence easy to understand that a Niagara epoch might be followed,
through a wide shallowing of the seas, by a region of immense salt-pans

(evaporating sea-border flats) over a large part of New York, making
the Sauna group of rocks, while to the eastward, southward, and west
ward a tide-washed region existed, -that of the Water-lime group, -free
from
saline deposits because the tides had access; and that fresh-water
and brackish-water fiats, containing species of Eurypterids, might well
have been a feature, at the same time, of the sea borders. Then the occur
rence of a slight subsidence would account for clearer seas again, for a

restored fauna, and the making of Lower Helderberg lirnestones, and also
for the extension of the limestones over eastern New York to Montreal in
the St. Lawrence Channel, and southward over western New Jersey and
basins are due to local condi
part of Pennsylvania. Such salt-evaporating
tions and cannot be a universal feature of a period.
over the continent characteristic of
Large shallow-water and emerged areas
the Upper Silurian era.-The absence of Upper Silurian formations from
much of the region west of the Mississippi, and their thinness where present,
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is a remarkable feature of the era. Even in the Laramide Range of southern
British America, McConnell found the Upper Silurian series only 100 feet
thick; and in the Wasatch Range, according to King, the thickness of the
The era began, as the Medina rocks show,
whole Silurian is but 1000 feet.
with shallow waters over central New York, and probably large, emerged
areas east of the Mississippi as well as west. In its progress through the
Clinton epoch there were still shallow waters and emerging lands; for the
extensive beds of iron ore, ranging far south and wrest to Wisconsin, are
evidence of great seashore fiats through long intervals over much of the
In the Niagara epoch there were somewhat
eastern half of the continent.
deeper and purer waters over the Interior Continental Seas, but the areas
were not of very wide extent, and the epoch closed through the coining on

of another period, the Onondaga, in which again great seashore flats pre
vailed, with feeble submergences or emergences where any occurred.
The length of this period of great briny fiats and salt deposits - which
were 100 miles or more long in the state of New York, and twice this to
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Goderich, on Lake Huron -cannot be estimated; for thinness of rocks
means nothing as regards elapsed time where a region is undergoing no
oscillations of level, or only those of extreme slowness.
The prevailing characteristic of the continent during the early and middle
Upper Silurian, that of shallow seas and emerging seashore flats, continued
on, with little change, through the closing Lower Helderberg period; for the
formations are unknown over the Mississippi basin and farther west, and
have their greatest extent along the region of the progressing Appalachian

geosync.line, and its temporary prolongation northward through the Hudson
and Champlain depressions to Montreal.
The period of briny flats unfavorable to aquatic life. - Only two species of
the Niagara fauna, the widely ranging Leptcena rhomboidalis and Atrypa
reticularis, are known to occur in the Lower Helderberg beds, although the
epoch which intervened was only one of muddy, briny fiats. But the remark
applies only to eastern North America, for nothing has been ascertained with
regard to the Onondaga and Lower Helderberg faunas for the larger part
of the continent.
No upturnings at the close of the Upper Silurian. -The era appears to
have passed and ended quietly. It had slow and gentle oscillations in level,
like other geological eras, but it was marked with no great upturning in its
progress, and with none at its close. The Lower Helderberg formation
graduates into that of the opening Devonian, and if transferred to the
Devonian, the statement would still hold true.
The eastern continental border related in life to the European.-Iii Canada
and New England the formations of the Upper Silurian have not yet been
so fully distinguished. and described that the succession of events for this

But the fact that the
part of the continental border can be deduced.
region was distinct from the Interior Continental region has been well made
out from the Upper Silurian fossils, by Salter and Billings, who state the
following facts : -
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In the beds of this
region of the Cambrian and Canadian periods there
are &ilterella rugosa Billings,
closely like the Scottish; S. Maccullochi
Salter; Kutorgina cingulata B., said
by Davidson and Hall to occur in the
Lingula flags; Acrotreta qenima B., very near A. subconica Kutorga; four
species of Piloceras, a genus described from Scotland, but not known in the
United States; Ilolometopus Angelini B.,
very near H. limbatus Angelin,
of Swedeu; Nileus macrops B., N scrutatus
B., N. offinis B., all closely
allied to N. armadillo Dalman;
Harpides Atlanticus, very near Angelin's
H. rugosus of Sweden. In beds of Hudson
age there are Ascoceras Canadense B., A. Hewberryi B., and Glossocepas desideratum B., not found in the
United States. In the Upper Silurian there are, as shown by Salter, the
British species, 1?hynehoneila TVilson i Sow., Grammysia trio nqulata Salter,
G. cingulata His., Platysehisma helicoides Sow., Platyceras Haliotis Sow.,
Be.lleroplzon expansus Sow., B. carinatus Sow., Orthoceras bullatum Sow. (?),
0. ibex Sow., Honialonotus Knightii König, Phacops Downingii Salt. ; to
which Billings acids Rhynclionella StricklancU Sow., and Lituites Amen-
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canus B., very near, if not quite identical with L. giganteus Sow. Billings,
who furnished the above list of species, adds that, through the Cambrian
and Canadian periods, there is a decided European tinge in the life, but in
the Trenton period its character was peculiarly American. Then in the Hud
son epoch there was again a European tinge, which increased in strength
through the Upper Silurian.
H. M. Ami has given (1892) a list of 163 fossils from the Tipper Silurian
beds of Arisaig, Nova Scotia, and states that a closer relation exists between
the fauiia and that of the Ludlow rocks of Kendal in Westmoreland, England,
than with either the Silurian rocks of Anticosti, Ontario, or New York.
EUROPEAN.
The endogenous growth of the European continent during the Upper
Silurian era is manifest, though of less regular progress than that of North
America.
The Upper Silurian formations over the British Isles were not
on the outer Atlantic border, but on the opposite side of a border region
of Archan and Lower Silurian rocks, and this inner side continued to
be the region of growth to the end. Moreover, there appear to have been
In Scandinavia and Russia,
two or three confined and parallel troughs.
the same is true. All the Upper
part of France and the Spanish peninsula,
Silurian rocks of Russia are the work of an Interior Continental Sea, yjl
out oceanic aid; and this great Interior Sea extended south and west over
and the Alps. The Mediterranean Sea
Hungary and Austria to Bohemia
is related to the continent like the West Indies and Mexican Gulf to
America.

The progress through the era was in general quiet; for the Upper Silu
rian rocks are conformable in superposition. They are horizontal, or very
in Russia and elsewhere. Nearer the
nearly so, over the great interior region
extent pass regularly upward
ocean, in England, the rocks to a considerable
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into the Devonian. But in the western part in Wales, -and in the Lake
region to the north,
they lie vnconjbrmably beneath the Old Red Sand
stone (Devonian), proving thereby that an epoch of local mountain-making
in that region closed the period.
Ireland.

Similar evidence of disturbance exists in

BIOLOGICAL PROGRESS.
The records of the Upper Silurian era add to the terrestrial fauna the
earliest of Arachnids, or Spiders, in the form of Scorpions, and additional
species of Insects. The former are in the successional line of the Euryp
tends, whose earliest species is Lower Silurian; the Insects are structurally
in the line of the Myriapods, although no antecedent species of Myriapod is
The Cockroaches are Orthopters, and species of imperfect
yet known.

The relations of the above-mentioned
metamorphosis, like the Hemipters.
in
the course of the General Observations on the
groups are illustrated

Paleozoic, on pages 721, 722.
Among marine Invertebrates, the era is marked by a large diminution in
the number of species and genera of Graptolites and Trilobites -Lower Silu
rian characteristics; by an abundance of Cystoids and Orthids - also Lower
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Silurian in aspect; by an increase in the number and size of the Brachiopods
of the families of Spiriferids, Pentamerids, and Productids - Devonian char
acteristics; by an increase in the l'teropods of the Conularia type; by an
increase in the number of Gastropods of the Platyceras (Capulus) type, and.
in. the number of species and genera of Polyp-corals, Crinoids, and Asterioicls
-which also look toward the Devonian; by an increase in the number and
variety of Eurypterids and Ceratiocarids-facts having the same bearing.

Still more marked is the advance from Entomostracans to Tetradecapoci
Crustaceans; and far beyond this is the appearance of Insects. It is re
markable that the first remains of Scorpions should have been found in
Europe and America in. rocks of very nearly the same age.
that earlier specimens are yet to be found.

But it may be

Fishes, the only Vertebrates of the Upper Silurian, were represented by
Placoderms, the mail-clad type that first appeared in the Trenton Period of
But no remains of
the Lower Silurian, and possibly also by Selachians.
other Ganoids have yet been found in the beds, although reported from the
Trenton. Rarity in fossils of lime-secreting aquatic species is not common.
Remains of Chimroids, mostly cartilaginous species, also are absent.
CLIMATE.
There is no evidence that the climate of America was roughened by
frigid winds, or that the ocean was much modified in temperature by polar
currents. The species living in the waters between the parallels of 30° and

45° were in pirt the same with, or closely related to, those that flourished
between the parallels of 65° and 800.
From this life
(See plge 544.)
thermometer we learn only of warm or temperate seas.
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DEVONIAN ERA.
SYNONYMY. -Old Red Sandstone Series (from the rocks in Scotland), British Geologists
before 1839. Devonian system, Sedgwick and Murchison, in a paper on the Classification
of the older rocks of Devonshire and Cornwall, Ann.
Phil., April, 1839. Old Red Sand
stone, or Devonian system, Lyell, Elements of Gel., 1841. Devonian, of later geologists,
Systèine Devonien, or Période l)evonienne, Beudant, 1)'( irbigny, Lapparent. Devonische
Formation, of the Germans. 1)evonic, Iiiteriiational
Congress of Geologists.
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As the era of the Upper Silurian passed
quietly into that of the Devonian,
no mountain range marks the interval between them, and no abrupt transition
is apparent in the rocks or in the world's fauna. The Devonian was emi
nently a transition era as regards land vegetation, but the culminant time
of aquatic Vertebrates - Fishes. The land
population was low grade, it corn
with
prising only Myriapods, Spiders
the related Scorpions, and Insects; and
not the higher Insects, since there were no conspicuous flowers over the land.
Terrestrial Mollusks also may have been in existence, but evidence of this
has not yet been reported. The Devonian seas contained, in general, similar
Invertebrate forms to those of the Silurian, but with proportionally fewer
Trilobites, a profusion of Corals and Brachiopods, along with new forms of
Cephalopods in the Goniatites and related species.
NORTH AMERICAN.
GENERAL FEATURES OF THE CONTINENT.
The map of North America, representing its condition at the commence
ment of the Upper Silurian, gives a good general idea, so far as has been
learned, of the continental seas and land at the opening of the Devonian era.
There is the same uncertainty, or error, it may be called, with regard to the
emerging lands over the Western Interior and Rocky Mountain region; the
map fails to indicate them, because the limits of such areas have not been fully
ascertained.
These limits will in part always remain ill doubt, unless deter
mined by deep borings; because absence of formations from the region of
outcrops about Archaaii mountains is far from being proof of absence beneath
the plains between the mountains, or 50 miles or so distant from the
mountains. It is, however, almost certain that in the Devonian era the
Silurian island, covering much of Missouri, extended southward and westward
over a large part of Arkansas and Texas, and beyond, as referred to on page
537. The Silurian islands of Tennessee and the Cincinnati region (C and 'U
on the map, page 536) were still islands. A marked feature of the Continental
seas is the half-confined Northeast Bay, of the Eastern Interior; and it has
special importance in this era, since a large part of the described Devonian
beds were deposited within it and owe to its varying conditions their charac
teristics.
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SUBDIVISIONS.
2. CHEMUNG EPOCH: that of the Cheniung
group, N. Y. Geol. Reports, 1842, 1843.

UPPER,
4. Chemung J
OR LATER
1. PORTAGE Epocu: that of the Portage group,
Period.
r
DEVONIAN.
L N. V. Geol. Reports, 1842, 1843.
J
2. HAMILTON EPOCH: that of the Hamilton
MIDDLE
DEvONIAN.
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LOWER,
OR EARLY
DEVONIAN.

3. Hamilton
Period.

2. Corniferous Period.

beds with the Tully limestone in places at top,
N. V. Geol. Reports, 1842, 1843.
1. MARCELLUS EPOCH: that of the Marcellus

shales (with the Goniatite limestone near the
bottom), N. V. Geol. Reports, 1842, 1843.
2. CORNIFEROUS EPOCH: that of the Corniferous and Oiiondaga limestones, N. V. Geol. Re-

ports, 1842, 1843.
1. Sc}loHAiuE EPOCH: that of the Schoharie
grit and Cauda-gafli grit, N. V Geol. Reports,
1842, 1843.

1. Oriskany
That of the Oriskany sandstone, N. Y. Geol.
5
Period:
Reports, 1842, 1843.
The Devonian formations

commence in

eastern North America with

Then follows a great continental limestone, the Corniferous.
This limestone has in the Devonian era, therefore, a position corresponding
Above the lime
with that of the Niagara limestone in the Later Silurian.
sandstones.

stone there is a great thickness of shales and sandstones with but little lime
stone. To the eastward, in New York and Pennsylvania especially, the sea
border deposits of coarse sands, gravel, and pebble beds, of great thickness,
which were in progress during the Upper and partly the Middle Devonian,

make now red sandstone and conglomerate, and constitute what is called the
Uatskill formation. These beds have been heretofore regarded as mainly of
subsequent origin to the Chemung, and have been referred to a period follow
ing it, called the Catskill period; but, as explained beyond, they are now
believed to be a cotemporaneous formation parallel in its deposition with that
of the off-shore and deeper waters of the Chemung period, or Chemung and
Hamilton periods, to the westward.

Over the Eastern Interior region limestones constitute the chief part of
the beds of the earlier half of the era, and black shale, of moderate thickness,
those of the later beds.

The three divisions of the Devonian, the Early, Middle, and Later, have
been named by H. S. Williams (1894), respectively, the Eodevonian, Meso

devonian, and Neodevonian.
North America by Dawson.

The term Erian is applied to the Devonian of
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1. ORISKANY PERIOD.
ROCKS

KINDS AND DISTRIBUTION.
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The Oriskany sandstone in eastern North America has
nearly the limits
and distribution of the Lower
Helderberg formation. It occurs over the eastern
half of New York, between Cayuga Lake and
Albany, and reaches northward
to Oriskany Falls, northeast of Utica,
having a thickness seldom exceeding
20 or 25 feet. It overlies the Lower
J-Ielderberg in Becrafts Mountain, and
abounds in fossils. It extends southward
along the Appalachian region,
with increasing thickness, being 200 feet or more at Port Jervis, 150 to 200
feet along the western border of New
Jersey, and eastern of Pennsylvania,
and of still greater thickness in western
Maryland (at Cumberland), West
It occurs also in eastern Canada, at Gaspé, and in
Virginia, and Virginia.
Maine along the Gasp&-Worcester trough, over Parlin Pond and the northern
part of Moosehead Lake, where it is reported to be several thousand feet
thick (C. H. Hitchcock). It is found also in Ontario, west of
Niagara, and
in southern Illinois, where, in Union and
adjoining counties, its maximum
thickness is 250 feet.
The rock is usually a rough calcareous sandstone, or arenaceous limestone,
becoming, where weathered, porous and full of holes, from the dissolving
away of its many fossils by percolating waters. It is sometimes cherty lime
stone, a pebbly sandstone, and in part a shale. In its distribution, its great
abundance of fossils, and its usually calcareous or semi-calcareous character,
it is widely different from the grits which follow it, and bears a close relation
to the Lower Helderberg series of impure limestones. At Becrafts Mountain
the beds represent the Lower Oriskany, and the rock is a hard, cherty,
arenaceous limestone. A similar rock exists at Port Jervis.
A sandstone containing what appear to be Oriskany fossils has been

observed by C. W. Hayes in the highly disturbed region of northern Alabama,
in Frog Mountain, between Weisner and Indian mountains. It rests on Lower
Silurian and Cambrian unconformably; but the unconformability, though
extensive, is described as due to overlap. No intervening Upper Silurian
beds occur in the region. The Clinton group (Rockwood beds) exists to the

south, but not at that locality (1891, '94).
The geological connections of the Oriskany are with the Lower Helder
berg formation, its beds thickening to the eastward as in the Lower Helder
berg. It is, however, pronounced Devonian in its fauna and flora, and hence
belongs in the Devonian era.

LIFE.
Oriskamy fauna, although the rocks are rarely pure limestones,
included a few Crinoids, of the genera ilelocrinus, .Mariacrinus, Technocrinus,
Edriocrinus, etc., common fossils in western Maryland, but not in New York;
some Cystoids; numerous Brachiopods, of which the two represented.
DANA'S iIANUAL-37
The
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on this page are characteristic; among Gastropods, a dozen or more species
of Platyceras; Con ularice, one, U. lata, over five inches long; a few Ortho
cerata; Trilobites of
849.
848 a
the genera Homa
lonotus, Daim.an ites,
and others.
The

IIom&onotus major,
of Whitfield, had a
length exceeding 15
inches, and abreadth
I \\
\ \""
\\,,
\ \\-.:\
\k:
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nirlftr arenosus849. RensseIarIa ovoldes.
848 ,z. -r----

Dal
of 5 inches.
man ites dentatus, of
Barrett, has the front
ornamented with a

range of large trian
gular teeth, and is

the earliest species
of this type of Dal
manites.
Acidaspis
tuberculata
occurs

here and also in the Shahy limestone of the Lower Helderberg.
With the close of the Oriskany period, the Lower Helderberg conditions
of the Eastern Interior ended. The deposits no longer thickened to the
eastward.

Hall remarks on the close relation of the Oriskany fauna in central New York to that of
the Lower Helderberg, but in other regions, especially in Ontario and Maryland, to that
of the overlying Upper Helclerberg. The true Oriskany sandstone or Hipparionyx fauna
of New York comprises 45 species (Schuchert), which are chiefly large Brachiopods,
Lamellibranchs, and Gastropods, with an almost total absence of Corals and Crustacea.
In contrast with this, Beecher and Clarke have shown that the Lower Oriskany fauna of
Becrafts Mountain and to the southward contains more than 120 species, of which 15 are
Trilobites and about 10 are Corals, and the whole fauna is transitional, showing the pas
sage of the Lower Helderberg fauna into typical Lower Devonian.
I. C. 'White concluded, from his observations in eastern Pennsylvania (1882), that the
beds were accumulated on the borders of the seas in which the Lower llelderberg lime
stones were at the same. time forming in clearer waters, thus making it one with them in
period of origin. The beds of the latter often pass directly into the Oriskany, as
if they constituted it. In Virginia there is the same close relation to the Lower fielder
berg. It is to be observed, on the other hand, that the beds of Becrafts Mountain overlie
those of the Lower IIelderberg. At the Delaware Water Gap the rock is largely a shale; in
Maryland, a crumbling sandstone, from loss of its calcareous part; at Gasp, a limestone,
with probably a part of the underlying sandstone beds, a Rensseiaria having been found
1100' above the base of the sandstones. Oriskany fossils are reported also from the head of
Tobique River in New Brunswick. The Nova Scotia strata of this epoch occur at Nictaux
and on Moose and Bear rivers. They include a thick band of fossiliferous iron ore, which
is an argillaceous deposit at Nictaux, but, owing to partial metamorphism, is magnetic iron
ore, and partly specular, on Moose River. The Oriskany beds of New York are described
in the N. Y. Geol. Rep. of Vanuxem and Hall, in hail's Pal. Rep., vols. iii. and iv.; by
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Beechor and Clarke in the Am. Jour. Sc., 1892; of eastern
Pennsylvania, by I. C. White
in Penn. Geol. Rep., G 6, 1882; of Illinois, ih the Geol.
Rep., Ill., by Worthen, vol. iii.
of Canada, in Can. Geol. Rep., 1803, and also in later Annual Reports. Among the
Brachiopods of the Oriskany occur the genera OrtMs, Stropheodona, Leptana, Rafines
qu na, Chonetes, Leptostrophia, Meristeila, Gyrtina, Spirifer, Rhynchoneila, C'entronella,
Cryptonella; also the genera Reussel(eria, Eatonia, Leptocwlia, which are more largely
developed in the Oriskany than in any other period. Orthis lilpparionyx = Hipparionyx
S. arrect.us, Leptoclia flabellites, Gyrtina rostrata, liens
pm, Spirifer
selcuria ovoides are characteristic species.
The Illinois beds, of cherty limestone, have afforded Anoplia nucleata, Rhynchonelia
speciosa, Eatonia peculiaris, Leptoclia fiabeflhtes, Newberria Gondoni, Amphigenia
elonyata, Strophostylus? canceliatus, Platyceras spirale, and other species. At Becrafts
Mountain, the species include, according to C. E. Beecher and J. M. Clarke, six species of
Dalnzanitcs, two of Phaeops, a Homalonotus, Gyphasphis, Proetus, Acidaspis; a Cirriped
of the genus Turrilepas; corals of the genera Zaphrentis, Romingeria, the Crinoid
Edriocrinus sacculus. The unusual number of Trilobites for the Oriskany indicates
apparently clearer waters along the Hudson River valley than to the westward along
central New York. The Lower Helderberg species obtained are Acidaspis tuberculata of
the Shaly limestone, a Cyphaspis, two Dalmanites, and a Phacops of L. H. type; Tentacu
lites elon gains; Orthis peretegans, and 0. oblata? of the Shaly limestone; Leptostrophia
Becki, Trematospira nzuitistriata, of the Shaly ; a C&ospira, Anastrophia; Eatonia
medialis, of the Shaly; a Zaphrentis, Shaly in type. The Devonian forms are
Dalmanites phacoptyx (known previously only from the Upper Helderberg of Ontario),
a Phacops, Leptostrophia perplana, a Chonetes?, Hemitrypa?, Fenestella celsipora of the
Corniferous. At Parlin Pond, in western Maine, there occur Bensselar(a ovoides, Lepto
co'lia .Jlabellites, Spirifer arrectus H., S. pyxidatus H., Stropheodonta magnifica H., Rhyn
chonella obiata H., On his muscutosa H., Dalmanitespleuropteryx, etc. (Billings).
See, further, on the relations of the Lower Helderberg, Oriskany, and Devonian faunas,
the remarks on page 569.
2. C0RNIFER0uS PERIOD.
The Corniferous period includes two epochs, the SCHOHARIE and the
CORNIFEROUS. To the former belong the Cauda-galli grit and the Schoharie
grit, now considered cotemporaneous formations; to the latter, the Cor
niferous limestone.

ROCKS - KINDS AND DISTRIBUTION.

The rocks of the Corniferous period in New York have their greatest
thickness in the region of the Eastern Interior Sea, along the Appalachian belt.
The Cauda-galli grit, a dark gritty slate, thickens toward the Hudson, being 50
or 60 feet thick in the Helderberg mountains, and 100 to 150 feet east of the
Hudson River in Becrafts Mountain, near Hudson; and the Schoharie grit is
best displayed in the eastern counties of New York, Albany, Greene, and
Schoharie. Neither formation is found to extend far west over the Oriskany
beds of western New York and Ontario. The Cauda-galli, like many seashore
but the Schoharie beds abound in them,
deposits, is almost destitute of fossils;
and they are closely related to those of the following Corniferous epoch.
The Corniferous limestone -so called by Eaton, with reference to the
- extends
hornstone or flint often imbedded in it (from the Latin cornu, horn)
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from near the Hudson in eastern New York, westward through the state, and
at the Niagara River forms the rapids at Black Rock.
Thence, it is con
tinued westward through Ontario to Ohio, across northern Ohio, and to
Mackinac in northern Michigan.
It thus passes beyond the limits of the
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Eastern Interior Sea into the Central Interior, where it is widely distributed,
occurring in Indiana; in great force at the Falls of the Ohio, just east of
New Albany and Louisville; also in Illinois and Kentucky; in eastern Iowa,
near Davenport, as a bed of gray to buff limestone 150 feet thick, resting on
Niagara and Trenton; and in Missouri.
The limestone is commonly light gray to bluish or buff (lightest, which
means purest, to the west) ; occasionally it is blackish and rough from the
abundance of hornstone masses, which are left projecting by surface wear.
Much of the rock abounds in corals, like
many reef-rocks of modern
coral seas. It exhibits its coral-reef character
grandly at the Falls of the
Ohio, where the corals are crowded together in great numbers, some standing
as they grew, others lying in fragments, as
they were broken and heaped
up by the waves, branching forms of large and small size mingled with
massive kinds of hemispherical and other shapes.
Some of the cup corals
(Cyathophylloids) are six or seven inches across at top, indicating a coral
animal seven or eight inches in diameter.
Hemispherical compound corals
occur five or six feet in diameter. The various coral-polyps of the era had,
beyond doubt, bright and varied coloring, like those of the existing tropics;
and the reefs were therefore an almost interminable flower-garden.
In the Canada-New-England region a limestone made up of corals occurs
on Lake Memphremagog, between Vermont and Canada, showing that coral

reefs flourished there also; and other localities exist to the eastward.
At
Gaspé, a thick limestone formation underlies 7036 feet of Devonian sand
stone; and about 800 feet of the limestone with 1000 feet or so of the
overlying sandstones are referred to the Corniferous period.
Over the western part of the Continental Interior, beyond the
Mississippi,
at Paleozoic outcrops, the Carboniferous beds often rest
directly on the
Lower Silurian, or the Cambrian, with nothing of the Devonian between.
This is so at the Black Hills, in Dakota, and in central Texas, and east of
the Front Range, in Colorado.
Farther west, in the Eureka district, there
are 6000 feet of Devonian limestone (Hague).
In the Wasatch Mountains the Devonian is made
by King 2400 feet
thick, the lower 1000 feet consisting of the "Ogden
quartzyte," and the
above
this being the lower portion of the "Wasatch limestone," whose
part
total thickness is 7000 feet. Just north of Montana, in British America,
there are 1500 feet of Devonian limestone.

In California, Devonian limestone and shales occur east of the Sacra.,
mento in Siskiyou and Shasta Counties (Diller and Schuchert).

In the northern part of British America Devonian rocks occur
along the
Mackenzie River (F. B. Meek, from the collection of R. Kennicutt)
; but
the fossils yet observed are those only of the Hini1tnn and later Devonian,
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so that the presence of
Corniferous rocks is doubtful. The recent map of
the Canadian survey makes a Devonian
belt (with Carboniferous beds)
to come down from the far north,
along by the summit of the Rocky
Mountains, into the United States.
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The Corniferous limestone in some
places abounds in mineral oil. The
oil wells of Enniskillen, western Canada, are
from this rock, according to
1'. S. Hunt (1863); large areas are covered
with the inspissated bitumen.
At Rainham, Canada, on Lake Erie, shells of
Penia;nerella arcita are some
times filled with the oil; and in other localities Corals of the
genera
IJe1iop1ul1um. and Fm'osites have their cells full, in some layers of the
limestone, while empty in other
layers.

The facts. with regard to the distribution of the Devonian formations in North
America, the history of geological discovery in connection with them, their
geological
relations and distinctive features, are clearly and fully presented
by II. S. \Villiaws, in
Bulletin No. 80 of the U. S. Geol. Survey, and partly from personal observation.
Interior Continental aiul Appalachian region. - The C'auda-qalli grit in New York
a
is drab or brownish argillaceous sandstone, often shaly and crumbling. From eastern
New York it continues along time northwestern boundary of New Jersey, and the eastern
of Pennsylvania, where it is a gritty slate, and is in some places 400' to 600' thick.
The Corniferous limestone in New York consists of two members, - the gray Ostoudaga
limestone, or lower part, and the darker Corniferons, or upper. But the two alternate
with one another, and no distinction is now recognized. The limestone is sometimes
oiilvtic. Its thickness, as found where boring for oil and salt, is commonly 100' to 160';
at ltli:mca only 78'. Along the Delaware, south of Port Jervis, N.Y., to the New Jersey
IH)usnlarv, the thickness is about 26W; the flint nodules are from an inch to a foot in
diameter, and often contain shells and remains of Crinoids.
In ()hit) it occurs on both sides of the Cincinnati geanticline, and also along the
shores of Lake Erie. On Kelleys and Middle islands, in this lake, the beds have
the characters of old coral reefs, like those at the Falls of the )hio. It corresponds, it is
supposed, to the whole Upper lltlderberg period; two divisions are made out,-the
loieer, named the Columbus, or Samlusky. and the upper, the Dt'lameur' limestone.
In Missouri, siliceous and sandstone layers alternate with the limestone.
Ruek!/ Mountain and Pueifie ,(,"(ler ref/ions. -In the Eureka district, the thickness,
according to A. Hague, is 81N)0' ; the lower, 6000', limestone (see page 502) ; and the
rest, shales. Lower Devonian fossils exist in the lower part for at least 500', and Upper,
in the upper portion ; but. no subdivisions could be marked off. The Eureka district
appears, therefore, to be the center of one of the extra thick 1)evonian basins, like those of
time Appalachian region, and Gaspé of eastern Canada, on the St. Lawrence Gulf.
How far south or north the thick beds continue is not known. To the north, in the
Tucubit Mountains, Devonian occurs.
In Arizona, in the Kanab Caion (112l° \Y.), the whole Devonian is only 100' thick

(Walcott).
In the Wasatch region, the "Ogden quartzyte" is referred to the Devonian, by King,
who found it at Ogden Cailoim 12001 to 1400' thick, at Cottonwood Caflon 1000', and
at some points in Middle Nevada 84)0' to 000'. In the Wasatch Mountains, the lower
1400' or more of time overlying \Vasateh limestone (7000' thick) is Devonian, it, affording
fossils of the Upper Helderberg, Genesee, and Chemung. See King, Geol. 40th Far.,
page 230.
In the Laramnide range of the southern part of British America occur 1600' of Devonian
limestone (McConnell).
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LIFE.
PLANTS. -Among Algae, or Seaweeds, the most remarkable is the Spi
The
Fig. 850 represents a fragment of the plant.
rophyton Gauclagaili.
broad blade of the seaweed grows spirally about the central axis, much
The Neina
like that of the erect Alaska seaweed, Thalassophyilivin ciathrus.
tophyton (Dawson), Fig. 851, is a tree-like Fucoid. The specimen was found
in the lower part of the Devonian of G-aspé, Canada, where the stems are
850-852.

851.

852.
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850.

Fig. 850, Spirophyton Caudagalli; 851, Nematophyton Logan! (xi); 852 a b, C, fruit of Charm? Figs. from
Hall, Dawson, and Know).ton.
sometimes three feet in diameter. The presence of Ukaru', water-plants of
in habit, and
simple cellular structure (inferior to Mosses, but Equiseta-like
now common in marshy places), has been rendered probable by the discovery
fossils resembling their
(first made by F. B. Meek) of minute calcareous
fruit (spore-cases) (Figs. 852 a, b, e,), in the Corniferous limestone of Ohio,
and in the cellular chei't at the Falls of the Ohio, near Louisville.
The hornstone, or chert, in time Corniferous limestone, as shown by
of an inch
to
M. C. White, is full of microscopic plants from
in diameter; and with them occur sponge-spicules and teeth of Annelids.
Fig. 853: a to e are Xanthidia, spore-cases of Desmids (page 431) ; f, q,
Besides
conferva-like filaments, made of a series of cells; I, a Diatom.
these there are siliceous spicules of sponges, Figs. j, k, 1, m, n; and o, p
represent portions of jaws of Annelids. The mass of the horustone was
probably made out of siliceous sponge-spicules and Diatoms.

PALEOZOIC TIME-DEVONIAN.

583

The higher Cryptogams, or
Acrogens, are represented by Lycopods, or
Ground Pities, Ferns, and Equiseta.
To the Lycopod tribe are referred
species of Psiophyton, similar to those
of the Oriskany period;
portions of the plant are shown in Figs. 854 a, b, and
853.

If

0

I.
s...
M u'iwscow

j

91

I)

ORGANISM IN HORNSTONE. - Figs. a-i, Protophytos; i-n, spicuies of Sponges; 0, p, Annelid jaws.

its fructification in c, d. They were one to three feet high. The
species
differ from the common Ground Pine in having the leaves on the stems
nearly
wanting, and also in having the axis made up of scalariform vessels, and the
spore-cases (fruit, c, d) usually in pairs on short pedicels.
855
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854-857.
a

854

b

(I

E

855 a, Lopidodendron Gaspiauuzn U); b,
Lycoons. -Figs. 854 a, b, Psilophyton prlnceps; c, d, same, fruit;
- Fig. 856, Sphenophyllum vetustum (1);
stem.
FERNS.
of
lower
of
857,
sears
same, showing surface
part
stem of tree fern, Caulopteris anttqua (x ). Figs. 854, 655, Dawson; 856, 857, Nowberry.
The Corniferous limestone of Ohio has afforded the Ferns, Figs. 856 and
857, described by Newberry. The latter is part of the trunk of a tree fern
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of the genus Gaulopteris; and a advena Newb. is the name of another
species. The trunks of both are three to four inches in diameter.
Newberry
states that these tree ferns probably grew over the
region of the Cincinnati
an
island
412
or
uplift-then
(C, map, page
536).
and
have
been reported from time lime
Spores
spore-cases (sporangites)
stone of Ontario County, N.Y.
As described by J. i\i. Clarke they are or-0_6
and
of an inch in diameter; he suggests that
they may be from Rhizocarps
lowest
of
of
the
&i.lvinia
(the
Aerogens)
genus
(p. 436), and they are referred
to the species Protosaivinia Iiuronensis of Dawson.
ANIMALS. -The Upper Helderberg period was
eminently, as has been
stated, a coral-reef period, but besides corals, it abounded also in species of
other tribes of invertebrate life characteristic of Paleozoic time.
1.

Sponges. -The existence of Sponges is indicated by the presence of
their siliceous spicules in the horustone, two slender forms of which are
shown in Figs. 853 j, k, and others in 1, m, ii.
Besides, there are species of
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Astrcosponyia and Hindia. There are also several species of ˆStromatopora,
and the last known in America of Receptaculites.
858-S4.

04

st

LijJq',y

P0LYP8.-Fig. 858, Zaphrentls gignntea; 859, Z. Rafinosqull 860, PliUlipsastrea Verneulli 861, 861 a, Cyatho
phyllum rugosuin ; 86, Favosites Gohiftissi ; 86$, Syrhigopora Muelurli ; 864, Ro,nliigerla cornuta. Figs.
858, 860, 862, Edwards and ilaitne ; 859, 861, Meek ; 868, Yanddil and Shuiiiard ; 864, Billings.
2. Polyp-corals.-Figs. 858 to 864 represent a few of the many Corals:
859 shows the radiated cup-sllaped termination to which the name C?/atlio
AAov, leaf) refers; 8,58 has both extremities
phyiloki (from KttOoc cup, and
broken off, but exhibits the interior radiation.
Fig. 862 represents a portion
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of a common species of FavosUes
(honey-comb Coral, named from favus,
honey-comb), which is sometimes in hemispheres five feet across; 860, part of
the surface of a Phillipsastrea, a common massive Coral, and
861, a fragment of a species of cyatliophyllum; 863, a group
865.
of clustered tubes scarcely radiated within, of the genus
Syringopora, broken from what was once a convex hemi
spherical mass of branching tubes; 864, a creeping tube,
having cells at intervals.
3. Echinoderms. -Besides true Crinoids of several species,
some of them of very large size, there were the Blastoids one
of which is represented in Fig. 865. Though ovoidal in
form, it is related to the pentagonal Pentreinites of the
Lower Carboniferous.

Nucleocrinus Ver
neuill. Meek.
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4. Molluscoids. -Brachiopods were very numerous; and Figs. 866 to 810
represent common species. The Terebratula family, the most abundant in
species in existing seas, has its species; Fig. 870 is one of them: it shows
the opening at the beak.
80f1-870.
870
869
868

BRAOW0P0DB. -Figs. 866, 867, SpinIer acumlnatus; 868, 8. greganius; 869, l'roductelia subaculeata; 870, Oryp
tonella lens. Figs. 866 to 868 by Meek; 869, 870, Hall.
5. Mollusks.- The few Lamellibranchs described include the following
kinds, with species of the Avicula family and others.
872.
871.

/

:±-

872, Conocardium cuneus, Meek.
LAczLLIBflAN008. - Fig. 871, ParaoyOlflS proavia ;
occur many species of the genus Flatyceras, one of
Among Gastropods
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which, covered with spines, is represented in Fig.
873; also species of
Pie
urotomaria,
Bellerophom, Euomphaius,
.Murchisonia, Lower Silurian genera
that continue through the Devonian, into, and part of them
beyond, the Carboniferous.
there
are
Among Cephalopods
species of Orthoceras, Gomphoceras, Gyrtoceras, and the last known of Trochoceras, a Silurian
type; also the
first known of American Goniatites - G. mithrax H.
(Fig. 874), and a variety
874.

873.
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:. L1.

Pig. 873, Platyceras dumosum; Meek. Fig. 874, Goiilatltcs inltlirax; flail.
of G. disco ideus H. being reported from Ohio. The Goniatites differ from
species of the Nautilus family in having the siphuncle ventral, and the mar
Tentaculites of large size also occur, and the
gin of the septa deeply flexed.
related genus Styliolina (Fig. 916).
6.

Crustaceans. -Trilobites of the Lower Silurian genera, Galyrnene and
Dalmanites, and of the Upper Silurian, Homalonotus, Lichas, Pliacops,
Proetus, Gyphaspis, are most common.
Under some genera there is a large
diversification of form in ornamented heads and pygidia. The following
figures from Hall and Clarke illustrate some of the forms from the beds of
the Early and Middle Devonian.
Figs. 875, 876 are heads of species of
Daimanites; 877, 878, pygidia of species of the same genus; 879, the head of
au Acidaspis; 880, part of a pygidium of another Aciclapis; 881, 882, heads
of species of Lichas; 883, part of a pygidium of a Lichas; 884,
pygidium of
a Proetus.
The most extravagant of all is Lichas grandis 1-I., which had a
pygidium
four inches broad armed with seven thorny spines 14 to
inches
24
long, and a
grossly protuberant warty head, with a stout spine by the side of each
eye. The extremity of the pygidium, restored from an imperfect specimen,
is represented in Fig. 883.
In contrast with these, other species of Dalman
ites and Lichas are very plain. Those of Proetus (Fig. 884) are all
prim
looking species, with evenly curving outline before and behind.
Crustaceans of the Phyllopod and Ostracoid types are rare. But Barnacles
of a peculiar kind occur, imbedded to their upper surfaces in the Corals of
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the old coral reefs, precisely like related kinds in corals of the present day.
The related species now living are free-swimming animals in their young
state; the free stage is ended by the animal's comjn to rest on the surface
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875

875-884.

879

Mg. 875, Head of Dalinanltos solonurns; 876, Id. D. regalIa; 877, pygidlum of D. aspeetans; 878, Id. 1). Boothl of
the Hamilton beds; 879, head of Acidnapls callicora; 880, portion of the pygidlum of Aeldaspis Romthgerl
restored (x &); 881, "head" of Lichas gryps; 882, Id. Lichas hyheus; 888, posterior extremity of pygidium,
restored, of Lichas grandis, from the Schoharie grit; 884, pygidluw of Proetus crasslmarginatus, from the
Corniferous limestone. Hall and Clarke.
of a living Coral; and once there, it stays and forms a dwelling cavity lined
with shell within the growing Coral, - a case of commeiisalism, not parasit
Similar Barnacles - PalceocreusiQ
ism, it receiving lodging, not board.
Devonica of Hall - were commensals of Devonian Corals, showing that the

practice is an ancient one.
The species dis
7. Fishes. - Fishes are the only Vertebrates known.
covered in the Corniferous limestone are: (1) Placoderms; (2) Dipnoans, or
Selachians, or Elasmobranchs
Lung-fishes; (3) Ganoids; (4) Chimroids; (5)
two species of C'ephalaspis, -one from
(Sharks). The Placoderms include
New Brunswick (Fig. 886,
Gaspé (Fig. 885), and the other from Campbellton,
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its head-shield).

The surface of the former is (as usual with the
species)
covered with small tubercles (Fig. 885 a), while the latter has a
minutely
surface.
A
restored
of
a
is
pitted
figure
shown on page 1557.
foreign species
886.
885.

(
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Pi.&coiju&s. -Fig. 885, Cephaluspls Dawsoal (x ), Lankestor; a, tubercles of surface; 886, 0. Campbell
tonensis (x ), Whlteaves.
The posterior, or caudal extremity, of the C. Dawsoni is so very short,
relatively to the breadth of head, that the fish must have been poor at
sculling-its chief means of locomotion.
Any relation to the Trilobites
is set aside by the tubercular surface.
Lankester states that it belongs to
the subdivision of the genus which he calls Encephalaspis.
887-889.

889.

887.

888.

DuNo.i'6. -Fig. 887, COccOsthu8oceldontails (x&'); 888, Macropetallehthys Sulilvanti (xlarmata (x &). From Nowberry.

); 889,Acanthn8pl&

Among the Dipnoans of the period there was a species of Coecosteus,
C. occidentalis of Newberry; only the posterior dorsal plate (Fig.
887) is
known; its surface is in part fine-tuberculate. Fig. 888
represents the
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head-shield of another large Dipnoan; its length in some specimens is 16
inches, indicating a fish of large size. The peculiar
spine-bearing plate
shown in Fig. 889 is of uncertain relations.
Ganoids existed of formidable size and dental armature. In one of them,
Onychodus sigmoides, the mandible, or jaw (Fig. 890), was 1.4 inches long,
and the head 18 inches. At the extremity of the lower jaw there were very
890-802.
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891 a
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A.NOID8. -Fig. 890, mandible of Onychodus sigmoldos (x.); 890 a, one of the large teeth at the extremity
of the mandible (x ). Cuue4owIn SELA0IIIAN. -Fig. 891, Rhynchodus secans, upper tooth; 891 a, b,
extremities of upper and lower mandibles In natural position. FM-srnE OF A 8EI.Aouw.-Fig. 892,
Machioracanthus suloatus (x ). Figs. 890, 891, Newberry; 892, Hail.
few very large teeth; and one of them, nearly half the natural size, is
represented in Fig. 890 a.
To the Chirneroids are referred the species of Rhynchodus, having 4
large, beak-like teeth, two in each jaw. One of these teeth is shown; natural
size, in Fig. 891. The relative positions of the upper and lower jaws at the
extremity is shown in Figs. 891 a, b.

The Selachians or Sharks of Cestraciont type were represented by species
of Psammodus. One of the spines of a Shark, probably from the dorsal fin,
is represented in Fig. 892; the length of this spine is 4 to 6 inches; but that
of another Ohio species is 20 inches.
The Nevada Devonian. - In the Devonian of Nevada, where a limestone
6000 feet thick represents nearly the whole era, the Lower, Middle, and

Upper Devonian, out of the 144 species described by Walcott, more than
half occur also in the New York Devonian, a number in the Iowa that are

590

HISTORICAL GEOLOGY.

not known in New York, besides two at Mackenzie River. But in Nevada,
10 per cent occur in both the Lower and Upper 1500 feet of the limestone;
and. 11 per cent of the Lower Devonian are known only in the Middle or
Upper of New York. Many species, therefore, were in existence over the
central and west-central portion of the continent before they reached, by
migration, the shallower waters of New York and Pennsylvania on the
eastern border of the Continental Interior. The species include about 215 of
Corals, numerous Brachiopods, Lamellibrauchs and Gastropods, very few
Cephalopods, Trilobites and Crustaceans, and no Eurypterids or Fishes.
Characteristic Species.
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PLANTS.-On .Wernatophyton and other Devonian plants see Dawson's G. Hi.9t.
Plants, 1888; Trans. Roy. Soc. Can., 1889; also on other Devonian (Erian) Flora,
the Report in the Geol. Survey of Canada, 1871; also earlier, Q. J. Geol. Soc., vols. xv.
xviii., xix., =ii. Dawson also reports a species of Leptophlaum from the Lower Gaspé
beds or Upper Helderberg. Drepanophycus of Göppert (1852), described as a seaweed,
has been shown to be the same as Psiiophyeon. The supposed fruit of Chara is still of
doubtful nature. See Knowlton, Am. Jour. Sc., =vii., 1889.
ANIMALS. 1. Spongiozoans.-Species of Astreospongia, and Ilindia; IschadUes
bursifor-mis H., Schoharie grit; Stromaeopora ponderosa Nich., Ohio; Syringostroma den
sum and S. columnare Nich., Ohio.

2. Actinozoans. -Fig. 858, Zaphre ntis gi;antea Raf., and 859, Zaph. Rafinesquil E.
& H., from the Falls of the Ohio, Z. Edwardsi Nich., Ohio, Z. prolifica B., Ohio; another
Coral, of the genus C'honophyltum (C. magnificum B.), has a diameter at top of 6 or
7 inches; it is from Walpole, Canada West.
Fig. 860, Phillipsaserea Verneulli E.
& H., P. gigas Owen, Iowa, Ohio; Cystiphyllum Americanum E. & 1-1., Heliophylium
Haul, E. & H.; Fig. 861, Gyathopylluni rugosum H., fragment from a large mass, Falls
of the Ohio; Fig. 862, Favosites Goldfussi D'Orb., Falls of the Ohio, a fragment; F. tur
binatus B., Canada, Ohio; Fig. 863, Syrinyopora 1iaciurii B., Canada, Ohio; Fig. 864,
Romingeria corn uta B., from Canada.
3. Rydrozoans. -Of the genus Dictyonema.
4. Echinoderms.- Species of Dolatocrinus, Megistocrinus. Of Blastoids (Pentremites),
Fig. 865, Nucleocrinus Verneuili L. & C.

5. Molluscoids. -(a) Bryozoans are represented by many species of Fenestella and
other genera.
(b) Brachiopods. -Figs. 866, 867, Spirifer acuminatus, Con., N.Y., Ohio, Ind. ; Fig.
868, Spirifer gregarius Clapp, N.Y., Ind., Ky., Falls of the Ohio; Leptna rhomboidaiis,
Wilckens Canada. Also, Pentamerefla arata Con., N.Y. and the West, Atrypa reticu
laMs Linn., A. impressa H., A. aspera 1-I. var. occidentalis, An?phiyenia elongata Van.,
Ohonetes hemisphericus H., C. lineatus Van., Productelia navicelia 1-I. Meristeila nasuta
Con., N.Y. and the West.
6. Mollusks. (a) Lamellibranchs.-Fig. 871, Paracyctasproavia Golcif. (elliptica II.),
N.Y., Ohio, Ind. Fig. 872, Conocardium cuneus Con., Ohio, Ind.; Soienornya vetusta
Meek, the first known species of the genus, Ohio.
(b) Pteropods. - Tentaculites scalariformis H., N.Y., Ohio, Ind., Hyoiithes ligea H.;
Conularia elegantula Meek.
(c) Gastropods and Cephalopods. -Fig. 873, Flat yceras durnosum Con., from New
York and Columbus, Ohio. A dozen species of Flatyceras have been described, and 5 or 6
or more of each Flaty8toma, Euornphalus, Loxonerna, Fleurotomaria, Murchison (a,
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Bellerophon. Turbo Shumardi Vern. is a fine large shell, 3 inches in diameter,
from the Falls of the Ohio. It was named after B. F. Shumard of St. Louis. It is well
flg-ired by Hall. Among Cephalopods, 30 species of Orthoceras are reported by Hall;
besides these there are 12 of Oornphoceras (4 in the Schoharie
grit), as many of Gjrtoceras
and Gyroceras (4 Schoharic grit), 9 of Trochoceras, all from the Schoharie
grit; 1 Gonia
tites (Fig. 874), 0. rnithrax H. (Tornoceras mithrax 1-Iyatt, and referred to the Corniferous
with some doubt), 2 Discite. 1-Iyatt states that most of the species of Gomphoceras have
a triangular aperture instead of lobed like that on page 501, and that they accordingly
belong to his genus Acleiatoceras. The species of Gastropods, etc., are described and
figured in Hall's N. Y Pal., vol. v. Gyroceras undulation 1-1. is a type of Hallocera8
of Hyatt; 0. Jason ii. is Ruoceras FIyatt; Trochoceras pandurn H. is Endoceras Hyatt;
T. ctio II. is Sphyradoceras Hyatt; T. eugeniurn H. is Ndoceras Hyatt.
7. Crustaceans. - The most common Trilobites are: Fig. 875, Dalmanites selen.urus,
having a two-pointed tail; and Fig. 884, Proetus crassimarginatus H. There are also:
Yalymene platys, the latest American species of the genus, and one of the largest perfect
specimens being 4 inches long, and an imperfect one indicating a length of 8 inches; over
20 species of Dairnanites (one over 10 inches long), besides the Lower Helderberg species
D. pleuropteryx; also, of Homalonotus 1 species, of Phacops 3, Lichas 7, Acidaspis 2 (Fig.
87t), A. caUicera), Proetus over 15, Ciphaspia 4, and the new genus Phathonides, 3 species.
The figures of Trilobites on page 587 represent the following sub-genera, as recognized by Hall: Under Dalmanites: Odoniocephalus (D. selenurus Eaton); Gorycephalus
(D. regalis H.); Coronura (D. aspectans Con.); Cryphaes (II. Boothi Green). Under
Lichas: Hoplolichas; Ceratolichas. For figure of Paleocrensia, see Hall's N. Y. Pal.,
vii. p1. 36.
8. Vertebrates. -For descriptions and figures of the Fishes mentioned and others,
see Newberry, in Ohio Pal. Rep., i. and ii., where the figures of the large species
are of natural size, and also his 4to Rep. U. S. 0. S., 1889; also papers by Cope,
Claypole, Whiteaves, and others. From the Lower Devonian of Camphelltown, Canada,
\Vhiteaves has described fin-spines of Ctcnacanthus latispinosus and Hornacanthus gra
cilia.
The Cephalaspis Dawsoni is from below the middle of the Gaspé sandstones,
from the beds affording Protota.cftes Logani and other plants. That the beds are Lower
Devonian is doubtful.
At Owl's Head, on Lake Memphremagog, near the northern borders of Vermont, the
coral-reef rock is overlaid by mica schist; and, although it is partially metamorphic, many
of the specimens of fossils are tolerably perfect. Among the species, Billings has recog
nized Syringopora Hisingeri B., Favosites basaiticus Goldf., Diphyp1ullurn strarninc urn B.,
and Zaphrentis gigantea Lesueur. Besides these, according to Hitchcock, Atrypa reticu
laris has been identified by Hall.
Between northern Vermont and Cape Gaspé there are many localities of Devonian
fossils. One locality, given by Logan, is on the Chaudière River, where occur, besides
Favosites Gothiandicus and F. basalt iens, the species Syringopora ilisinqeri, Diphyphyflu)n
arundinaceurn B., a small Prod uctus resembling a Corniferous species, a Zaphrentjs,
Spir(fer duodenarius ii., S. gregarius Clapp, S. acurninatus H., a Cyrtina like C. rostrata
H., etc. Other localities occur at Dudswell and on Famine River.
Species of Brachiopods range as follows: From the Oriskany to the Hamilton,
Spirferjirnbriatus Con. (= S. Conradanns S. A. Miller); from the base of the Lower Hel
derberg or beyond to the Chemung, Atrypa reticularis and Rtropheodonta perplana, but
with some slight characteristic features in the successive periods; from the Oriskany to the
Chemung, &ropheodonta dernissa; from the Upper Helderberg to the Chernung, Atrypa
aspera; from the Schoharie grit to the Hamilton or Chemung, Orthis Van uxenzi, Ortho
thetes Uheniunqensts; common in the Upper Helderberg and Hamilton, Spirifer acumi
natus, Meristefla nasuta.
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The Devonian of California, mentioned on page 580, contains, according to Schuchert,
Favosites Uanadensis, Gyathophyllum rob ustum, Ciadopora labiosa, Syringopora Macluril,
and is referred by him with a query to the Corniferous; at Gazelle, in Siskiyou County,
occur Diphyphyllu7n fasciculum and Acercularia pentagona; and he suggests that the
beds may be of later date (1894).
In the lower part of the Eureka Devonian limestone (p. 689) occur, according to
C. D. Walcott, the following Corniferous or Lower Devonian species of New York, etc.:
Favosites heinisphericus Y. & S., Uyatho))hyilu'n rugosum Edw. & H., Orthis impressa,
St ropheodont a perplana, S. punctulifera, (Ihonetes heinisphericus, C. mucronatus, Spirifer
raricosta, S. varicosus, Atrypa reticularis, Nucleopira concinna, Meristelia nasuta,
Flatyceras carinatum, P. conic urn, P. dentaliurn, P. nodosurn, Phacops rana, and many
others. But with these are very many that are Middle and Upper Devonian in New
York and elsewhere, and among these are the three Hamilton Tentaculites, T. atten
uatus, T. bellulus, T. gracilistriatus. Besides, some New York Upper Helderberg species
are found in the upper part of the 6000 feet of Devonian limestone. Again, many of the
species of the lower part occur also in the upper part, showing long survival of individual
forms; this is true of Ortiwthetes Uhernungensis, of 4 species of Prodnetus, Chonetes
defiectus, Stropheodonta perpiana, 2 of Spirfer, Rhynchonella castanea of Meek (a Mac
kenzie River species), a Paracyclas, Styliolina fissurella. Orthis McFariani Meek is a
second Mackenzie River species; and as the two are Lower Devonian in Nevada, they
may be so at the arctic localities. Many of the species are represented in the Devonian
of Iowa, or the Continental Interior, where the waters were purer and probably deeper
than in the New York Bay, and therefore more like those of the Eureka district.
Of the Eureka Devonian species that are found only in the upper division, the following are confined to the Lower Devonian in New York: Syringopora Hisingeri, Cyathophyllurn corniculum, and Chonetes mucronatus; and the following are among those that
are Middle or Upper Devonian in New York or Iowa: Orbiculoidea minnta (Hamilton),
Orthis Tulliensis (Ham.), Productus lacryrnosus (Chemung), P. speciosus (Ch.), Spirifer
disjunctus (Ch.), Athyris angelica (Ch.), Rhynchonella duplicata (Oh.), B. Laura (Ham.),
B. sinuata (Ch.), Bellerophon rncera (Oh.). The preceding conclusions appear to be well
sustained, unless it may be that there are unseen faults in the limestone. See, further,
Walcott, Pal. Eureka, U. S. G. S., 4to, vol. viii., 1884, where 144 Devonian species are
described; and also Arnold Hague, Rep., vol. xx., U. S. G. S.
3.

HAMILTON

PERIOD,

OR

MIDDLE DEVONIAN.

ROCKS-KINDS, SUBDIVISIONS, AND DISTRrBUTION.
The Hamilton group was so named from Hamilton, in Madison County,
N.Y. The beds have a wide range, like the Corniferous limestone. They
extend from eastern New York (Schoharie County) westward to Iowa; but in

New York and 1'ennylvania they are mainly shades and sandstones, of shallow
water origin, and wholly calcareous only in the Central Interior region.
Moreover, they have great thickness to the eastward, 1500 feet, but thin
down rapidly to the westward, being only 300 to 1100 feet thick near Lake
Erie, thinning down to 20 to 50 feet. They border Lake Erie in Ontario; pass
by the south end of Lake Huron into Michigan, where they are limestone,

and 10 to 120 feet thick.
They appear also in Ohio, as 25 feet of impure
bluish limestone; in Indiana, where at the Falls of the Ohio, above Louisville,
they are 20 feet thick, and include the hydraulic and overlying beds of the
limestone formation of the place.
They occur also in Kentucky; Illinois,
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Rock Island, etc.; Wisconsin, north of Milwaukee; in Iowa, near
Independence; on the Mississippi, shale (Marcellus) overlaid by limestone;
and. in Missouri. The greatest thickness is
along the Appalachian region,
where the beds are almost
wholly fragmental; and within these limits in
Monroe County, eastern
Pennsylvania, the group is 2000 to 000 feet thick.
The Hamilton group of New York has as its lower member, the Marcellus
shale, a formation of soft, black shale,
except near the bottom, where occurs
a thin limestone stratum called the Gonjatite limestone. The shale is
bituminous, and much unavailing search for coal has hence been made in it.
Hall states that in many places it contains so much bitumen as to
give out
flame when thrown into a fire of hot coals. Its fossils are few in
species,
and mostly small, excepting the Goniatites.
Above the Marcellus come the true Hamilton beds-chiefly shaly sand
stones with some fine shales and thin limestone layers; and at top, in many
places, the Tully limestone, 10 to 20 feet thick,which is, by some, made the base
of the Upper Devonian. This limestone is sometimes referred to as the
Cuboides zone, in reference to a common fossil, Rhynchonelia cuboides.
In eastern New York, in Ulster, Green and Albany counties, the Hamilton
affords the North River flagstone," affording excellent flags and pavements,
used much in New York and the adjoining states. The thicker layers are
called bluestone, from the bluish gray color. The bluestone is easily worked
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by machine-planing for use in the trimmings of buildings, and is convenient
for the purpose if the stone can be selected that will not drip iron stains down
the front below a course of it. The flagstone contains an occasional, slender
worm-boring, and coaly fragments, and is often ripple-marked, like other
layers of the Hamilton. Moreover, the strata. are frequently intersected by
joints of great extent and regularity. The scene in Fig. 121, page 112, is

from the Hamilton near Cayuga Lake.
In eastern Canada, at Gasp and Baie des Chaleurs, a middle portion of
the 7036 feet of Devonian sandstones is referred to the Hamilton or Middle
Devonian; and the next above to the Upper Devonian. The Little River
group of Nova Scotia, and Cordaites shales and flags of St. John County,
New Brunswick, are referred to the Hamilton by Dawson.
West of the Mississippi, in the Eureka district, Nevada, the 8000 feet of
Devonian limestone and shale include the Hamilton group; but it has not
been found possible to separate the Hamilton portion. Hamilton beds are
also found in the valley of the Mackenzie River, between Clear Water River
and the Arctic Ocean, some of the species of fossils being identical with
those of the United States and Canada (Meek).

Interior Continental Region. -The Hamilton beds of New York are separated
into two parts by a thin layer of Encrinal limestone. The annexed section (by Hall) is
from the borders of Lake Erie. The Hamilton beds, 10 b, include (1) blue shale, (2) En
erinal limestone, (3) Upper or Moscow shale; the Tully limestone is wanting. Above lie
of the Portage group, both of the Upper
(10 c) the Genesee slate, and (11) a following part
in
Ontario
Lake,
County, N.Y., includes, accordDevonian. A section near Canandaigua
DANA'S MANUAL -38
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ing to J. M. Clarke, (1) Marcellus shale, 100' ; (2) a thin stratum of limestone of coral-reef
character, at the base of the Hamilton beds ; (3) the lower shales of the Hamilton, 140'
(4) the Encrinal Band; (5) the Upper shales, 250'. In Chautauqua County, a boring gave
50' Marcellus shale and 395' Hamilton (G. D. Harris
893.
1891). To the eastward, the beds are coarser and
-more arenaceous. The 'fully limestone thins out
in the eastern part of Ontario County, and is the
we
most southern limestone in New York State. It
is quarried and burnt lot lime in the village of
-'--.--- ;----;i
Tally, Onondaga County, where it is 12' thick.
The
flagging-stone of the Hamilton is quarried
Suction of Hamilton beds, Lake Erie. Hall.
near Kingston, Saugerties, Coxsackie, and else
where on the Hudson.
In Perry County, central Pennsylvania, the Marcellus is 200'
thick, and the Hamilton, 900' or more; they consist of shales and sandstones, and include
the Montebello sandstone. At the Falls of the Ohio, the Hamilton is represented by a.
magnesian limestone, more or less shaly. On the west. side of the Mississippi River, in
Iowa, outcrops south of Davenport consist of about 50' of shale with some crinoidal
limestone. In Missouri, Swallow reported the occurrence of Hamilton shales, 45' thick,
near Ashley, in Pike County.
In eastern Pennsylvania, Monroe County, where the thickness of the beds of the Ham
ton period is 1750' to 5000', that of the Marcellus shale is 200' to 800' or more. The shale
is black to gray in color, and the darker kinds are very carbonaceous, or even coaly at
times. Tully limestone is absent. The high cliffs on the Delaware, in Pike County, from
Port Jervis southward, are Hamilton. North-northwest of Monroe County, in Columbia
County, Penn., the whole thickness is 2200' to 2500'; but farther south, near the south
border of Northumberland County, Penn., a highly disturbed region, the total thickness,
for some reason, is stated to be only 600'. Prosser made a section across Monroe County,
along the D., L. and Western R.R., and found the Marcellus shale 800' thick, and the
Hamilton overlying it. 1400', the latter being proved by the fossils to include the Hamilton,
Tully, and Genesee beds of I. C. White's Report.
In the Eastern-border region, at Gaspé, the 6000' of sandstones, above the 1100'
referred to the Corniferous period, are believed to be for the most part of Hamilton age.
St. John, in New Brunswick, is a noted locality of fossil plants of this era. In that
region there are (1) below, of the Middle Devonian series, the Dadoxylon sandstone
resting on the Bloomsbury conglomerate, and overlaid by the Cordaites shales; (2) above
the Mispec conglomerate and slate; and (3), of the Upper Devonian, the Perry sand
stones, with remains of plants. (1)awson.)
The Devonian is well developed in the Mackenzie River district, British America, and
southward in the vicinity of lakes Manitoba and Winnipegosis. In the Mackenzie River
district the section shows (1) at the base 200' of grayish limestone, interstratifIed with
dolomytes, the lower part of which may be older than the Devonian; above this, (2) about
500' of greenish and bluish shales alternating with limestones, followed by (3) about 300'
of limestones. (McConnell.)
Whiteaves has described a rich fauna, mainly from the upper part of the second
division. Among the species, 22 are also found in the Hamilton formation of Ontario
and New York; 10 are also found in Iowa, there referred to Chemung; and 7 are regarded
as characteristic Chemnung fossils in New York and Pennsylvania; 29 of the species are
either identical (19), or closely allied with European Devonian species. Mr. Whiteaves
considers the fauna to belong to the "Cuhoides zone" of Europe, of which the 'fully
limestone of New York is by Williams regarded as an equivalent.
The Manitoba section consists of (1) a few feet of red shales resting upon Silurian
rocks, followed by (2) 200' of dolomytes, and then by (3) 50'-75' of calcareous shales,
above which are (4) the fossiliferous limestones containing the "Cuboides fauna." The
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dolomytes are referred to the Middle Devonian, the
Stringocephalus zone of Europe, containing characteristic specimens of S. Burgini, one
specimen measuring 7 by 5 inches in
diameter.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

LIFE.
PLANTS.
In the beds of the Hamilton
period, the evidences of verdure
over the land are abundant. The remains show that there were
trees, as
well as smaller plants; that there were forests of moderate
growth, and
great jungles over wide-spread marshes. The plants included Lycopods, Ferns,
and Equiseta, the three orders of
Acrogens, or higher Crytogains; and also
Ph
Gymnosperms, among
nogams.
1. Lycopods. -The Lycopods
generally have scars over the exterior,
much like those of a branch of spruce after the leaves have been removed.
A Hamilton specimen of the
Lepidodendron pri?nfevum is represented in
894,
and
of
another
Fig.
species in Fig. 895. L. Gaspianum (see Fig. 855)
has been found in the Genesee slate of New York and
Pennsylvania.
2. Ferns.-Many species of ferns have been described from beds of the
Hamilton period, the most of them from those of St. John, New Brunswick.
One species, a Neuropteris, is represented in Fig. 897; part of a frond of
another, an Archceopteris, in Fig. 898, and a single leaflet, illustrating the
divergent nervures of this genus, in Fig. 899. Large trunks of tree-ferns
have been found in the Hamilton beds of New York and Ohio, showing that
894.

895.

894-899.
896.
t1k

897.
\

iI1f,

AcROGNs. - Fig. 894, Lcpldoderidroii 1rItnowum; 895, Slgilleria liiiIIl ; 896, Coriiiilte Rolb11 ; 897, Neuropterls
895, Meek; s96-899, Dawson,
polymorpha; 898, 8I}'J, Archuoptur1 Jacksoni. Fig. 894, Lequereuc;
there was beauty of foliage in the forests, if not of flowers. One of them,
Psaronius Erianus Dawson (1870, 1871) had a trunk three to four feet in
diameter, and was therefore a tree of large size.
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Gaiainftes (named from calarnus, a reed, in
3. Equiseta or Horse-tails.
allusion to their reed-like or rush-like aspect) are ancient Equiseta.
Fig.
of
a
stern
horizontal
flattened
out
900 represents a portion
(in
position)
by
900.

901.

Fig. 900, Arohieocalamltes radlatus; 901, Asterophyllltos latifollue. Dawson.
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It shows that the Devonian species of the tribe exceeded much in
pressure.
size the modern species; as in recent kinds, the stems were jointed (ab).
A
plant of the same tribe, called Asterophyllites (because of the arrangement of
the leaves in stars), is represented in Fig. 901.
4. Gymnosperms.-Gymnosperms were represented by species of the
Yew family (Taxine), and by leaves of plants of the tribe of Cycads.
Trunks a foot in diameter, of the former, occur in the black shale of the
Hamilton, and others as large, or larger, in the New Brunswick beds.
Most

of the latter are referred by Dawson to the genus Dadoxylon. To the Cycad
family belongs the Uorciaites Robbii, a leaf of which, from a cluster figured
by Dawson, is represented in Fig. 896. It is questioned whether leaves like
those of Archo'opteris may not be from a related Cycadean, as one genus of
modern Cycads, Strcingeria, has fern-like leaves (Williamson).
Fossil nuts
were found with the specimen of C. Robbli, which "may have belonged to
it" (Dawson).

5. Sporangites. - Spore-cases and spores are abundant in the black Mar
ceflus shale of New York and Pennsylvania, and are a prominent source
of its bituminous character.
They are usually minute black shining spots in
the shale.
ANIMALS.-The animal remains of the Marcellus are
comparatively
few, and, excepting the Cephalopods, generally small.
Their small number
corresponds with the fact that the rock is a fine shale.
In the Hamilton
beds, which are coarser, and often resemble a consolidated mud-bed, fossils
are much more numerous; but Lainellibranchs and
Brachiopods are most
abundant, as is usual in impure waters.
1. Sponglozoans. - A Middle Devonian species of
Sphrosponqia, first
described by Phillips from British specimens, is
represented in Figs. 902 a, b,
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from Manitoba specimens
described by Whiteaves; the latter figure shows.
the natural outer surface,
consisting of hexagonal plates, and the former,
the interior; Fig. 902 c, is from a
portion of the exterior enlarged, and 902 d
902-902c.

902 c.

902.

geiidb'

,4')

902 a.

902 b.
£
I
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SPoNoIozo&r. -Fig. 902, a, Sphterospongla tesselata; b, enlarged view of exterior hexagonal plates; c, enlarged
view of spicules. Whlteaves, '92.
represents the cruciform spicules. The genus is put in the same group with
Receptaculites, by Rauff, who doubts, as in the case of that genus, the sup
posed relation to Sponges, and states that the spicules were originally calca
reous. The rock is dolomyte.
90:t
2. Polyp-corals. - Corals are. found chiefly in con
nection with the few beds of limestone; and near
Ctnandaigui, N .Y., and to the westward, the
Hamilton contains huge numbers in coral-reef
of
style
Fig 903 represents a common species
there
Heliophflluni , and among the other genera
are CIu't1wph illim, Cqtphyllem, Zap/ti enti , Favo
14
sites, and .Mieheiinia.
3. Crinoids. -Criuoids occur sparingly, in New
HellophyllwnllallL Edw. and
York, but more abundantly at the Falls of the
Ohio. They include species of Plat1/crinUS, Actinocrinus, G1at1wcrinus, Rh odocri'nus; also .NllcieocTiflUS, Pentremites, etc.
4. Molluscoids. - Brachiopods continue

to

be common

fossils.

Figs.
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The broad-winged species,
904 to 911 represent the most common kinds.
Fig. 907, Spirifer pennatus, was one of the most abundant.
904-911.
906
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B1uon1oroD. - Fig. 904, Atiy1 iIpira ; 905, A. rttkukti-i ; 906, Tropidokptus curinatus ; 907, Spirlfer
pennatus; 908, Athyris spiiifcroldes; 909, Arnboclla umbonata; 910, Chonetes 8etlgerus; 911, Product
ella subaluta. Figs. 904, 906-90S, Meek; 905, 909-911, Hall.
5. Mollusks.-In

the

shaly sandstones of this period Lamellibranchs
abound. 21 species have been described by Hall from the Marcellus beds,
and 174 from the Hamilton, only one being common to the two.
But in
Ohio and farther west, where the beds are calcareous, they are few in num
ber.
The follow
Only 10 New York species occur at the Falls of the Ohio.
ing figures, 912-916, show some of the characteristic species.

The Gastro916.

912

9124)1.

.
:

I

.--- z=-_--kt

-

S

,-

-

\

:

:.

I

J[q.

C0NCHWERS. -Fig. 912, Orthonota un(iuIat (xj); 913, J'terlnea flaboilti (x4); 914, Grammysla blsulcntn; 915,
Microdon (Cypricardolla) bollistrlatus; 916, Styftoilna fissurolla. Fig. 912,916, Hall; 918, 915, Conrad; 914,
deVernaull.
pods were mostly of the same genera a in the earlier Devonian: Platyceras
(many species), Platy-stoma, Tiochonerna, Pleurotornaria (many), Euom-
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p1ialu. lklh'rophon (many species), Murt'1iionia (but one), Loxonema (many),
with also the Devonian and Carboniferous genus Macrocheit'll s.
l'teropods
were still represented by Tentaculites, Ilijolillies, and con ulatia, and also by
species of Styliolina (Fig. 916), Goleolus, etc.
&yliolina is like Tentaculites,
but has a smooth shell.
Under Cephalopods, the old genus, Ortlioceras, had 29 described species
in 1880 (to 30 in the Corniferous); with these were species of Gomphoceras,
C?Irtoceras, and Gyroceras. The Nail.
ti loid, Yephrit iceras maxim urn occurs
over a foot in diameter. The genus
Goniatites, first known from the Cur
niferous group, has a number of spe
cies; 0. Vanuxemi (Fig. 917) is one
of the earliest, being from the Mar
cellus shale; it has only one flexure

017
a

:\
/

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

in the septa, as shown in Fig. 917 a.
a mark of its antiquity; and it has
been made, on this account, by Hyatt,
the type of the new genus Agonia-

tiles. The largest specimens are a
foot or more in diameter. A straight
form of Goniatites, Bactrites claius
H., has been found in the New York
Marcellus shale.

.

PuALOroD.-

911, a, Gon1thee VinuzeI.
Meek.

6. Crustaceans. -The most characteristic species of Trilobite, Phacops rana
of Green (=P. bufo), is represented in Fig. 918; its maximum length is
eight inches. The genus Dalmanites, which had nearly 25 Coruiferous
918-010
species, has five described from the Hamilton; the pyi
dium of D. Boothi Green is represented on page 587,
918
and that of the variety calliteles, in Fig. 919. Other genera
are Ilonialonotus (which has a species 15 inches long).
Proetus, and Acidaspis. Fig. 880 (page 587) is the pygi
dium of A. Romingeri. There is also a species of the
found in the Tufly
'
European genus Bronteus, B. Tullius H.,
limestone. Out of all the genera of Trilobites existing
time, only
during the Hamilton and earlier geological
919
from the later
Phacops and C'yplwspis have species reported
Devonian.
Others no doubt existed; but still the decline
of what was once the leading life of the seas is strongly
manifested. The dash for ornamentation in the early and Fig. 918, Pbncops M; 919, pygidlum
middle Devonian was a mark of luxuriant, rather than
of
Dalmanttoa cal
natural progress, and the same appears in the size of many
(x&). Meek.
of the species.
Ceratiocarid type, are of several kinds. Fig. 920
Phyllopods, of the
one specimen of which, figured by Hall, from
represents an Echinocaris,
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Another kind, Mesothyra
near Canaudaigua Lake, is eight inches long.
from the Portage species, M. Ocean 1, figured
Heptuni H., differed little
on page 615, and was probably nearly
921.
920.
a foot long, independent of the tail
spines, which add five and a half
inches.
There were also Ostracoid
"

"

ceans

of

several

genera, and among
them the oldest known of Estheri
- E. pulex of Clarke. The Barnacle
tribe
of Crustaceans also had its
species. Fig. 922 represents a true sessile

921a.

Crusta

922.

barnacle of the Hamil
ton, Protobalanus HamI

iltonensis

and Fig. 921 two plates
of the pedunculate Bar-
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nacles
FIg. 920, Eohinocarie punctath; 921, 921 a,
Turrilepas Devoulcus. Fig. 920, Beecher;
921, Clarke.

Whitfield,

of

the

Lepas
Turui-

family, named
Devonicus
lepas
Clarke.

by

7. Insects. -Remains of Insects have been found at St.
wick. They are related to the Ephemeru or .JIfayflies;
is represented in Fig. 923-the Platepheinera antiqua of
whose larves live in the water, and which frequent moist

Mg. 922, Protobalanus Haniiltonensis.
Whitfield.

John, New Bruns
and one of these
Scudder-species
places, and there
It was a gigantic

fore stood a good chance of becoming preserved as fossils.
species, measuring five inches in spread of wings.
923.

924.

Fig. 923, Platephemera antique; 924, Xanoneura antlquorutn.

Scudder.

Several other species of Insects have been described from the same
locality. One of them, the Xenoneura antiquorum of Scudder (Fig. 924),
while related to the Ephemerids, under the Neuropters, has some characters
of the Orthopters, one of which is the possession, according to Scudder, of
what appears to be a stridulating organ on the surface of the wing near its
base (see the figure), an organ for making their shrill sounds by friction.
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Dawson thereupon observes that "the trill and hum of insect life must have
enlivened the solitudes of the strange old Devonian forests." Insects appear
to have been the only winged life of the Devonian and Carboniferous ages.
8. Vertebrates. -Remains of Fishes occur sparingly in the Hamilton beds,
while abundant in the overlying Genesee and Portage beds. Those observed
are the plates or fragments of jaws of Placoderms, or teeth or fin-spines of
Selachians.

One of the large fin-spines, from the Hamilton beds of Yates
County, N.Y., called Utenacanthus Wri,qhti by Newberry, is nine inches long
and an inch and a half in diameter at base.
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Characteristic Species.
PLANTS. -The seaweed, Spirophyton, occurs in the Hamilton and through the later
Devonian. Fig. 894, of Lepidodenciron prinucvum Rogers, shows only the inner surface of
the bark, and not the true surface scars. Fig. 896 is one of a group of leaves of Cordaites
Robbli, figured by Dawson; and Figs. 897, 898, from Dawson, are portions only of his
figures. ForJ. M. Clarke's papers on Sporangites, see Am. Jour. Sc., xxix., 1885.
ANIMALS. 1. Spongiozoans.-Splucrospongia tesselata (Fig. 902) is associated with
Terebratula (Bun el/a) Sullivanti Hall, of the Corniferous, Spir(fer imbriatus Con., Pen
ta.nerus comis, Atrypa reticularis, iVucula li'rata Hall, of the Hamilton shales, Para
cyclas elliptica Hall, of the Corniferous and Hamilton, Goniopkora perangulata Hall, of
the Schoharie grit, etc.; also, the following European species, not known from the United
States, Jiurchisonia turbinata, Euonphalus annulatus, Stringocephalus Burtini, Loxonema
prisenm, Macrocbllina subcostata, etc. The Seringocephalus is characteristic of th
"Stringocephalus zone" of the Middle Devonian of Europe. The Devonian fossils of
Manitoba, according to Whiteaves, have close relation to those of Europe, while many
differ in species from those of the United States.
2. Actinozoans. -Fig. 903, Heliophyllum Hal/i E. & H., N.Y., H. ObeOnicu7fl H.,
H. confluens H., Cyathophyllum robustuin 1-I., C. nanum II., C. conatum H. ; Zaphrentis
Ha/li E. & H., Z. simplex 1-I., Cystiphyilum varians H., C. Americanum E. & H., C.
confollzs H., Amplezus Hamiltonice I-I.; Michelinia stylopora Eaton, Favosites placenta
Rominger, F. arbuscula II., F. Hamiltoniw, F. Argus, all from a "coral-reef" area of
the N.Y. Lower Hamilton, near Canandaigua, N.Y. (Clarke), and nearly equally abundant
to the westward in New York and Ontario.
3. Echinoderms. -The forms, described under the generic name, Heteroschisma, by
Wachsmuth, from Iowa, show a relation between Codaster and Pentrernites (Ill. G. Rep.,
vii., 1883).
4. Molluscoids. -Large numbers of Bryozoans are described in flail's vol. vi., of the
N. Y. Geological Survey.
Brachiopods.
Fig. 904, Atrypa aspera Schioth, also European; 905, A. reticularis,
than
the
same
in the Corniferous, and fuller, sometimes nearly 2 inches broad;
larger
906, Tropidoleptus carinatu.s H., New York, Illinois, Iowa, Europe; 907, Spirifer muero
ncztus Con., very common ; 908, Athyris spiriferoides Eaton; 909, Anboccelia nmhnnata,
N.Y. and the West; 910, Chonetes setigerns Fl., in the Marcellus and Genesee shales, and
also the Chemung; 911, Productella subalata H., Rock Island, El.; Spirifer granuliferus
H., a large species, having a granulated surface.
The Rhyncho ne/la cuboides is characteristic of the Tally limestone; and as beds
containing thi species and others associated with it in England and Europe are referred
to the base of the Upper Devonian, the "Frasnian stage,'? the limestone, according to
H. S. Williams, ought to be arranged with the Upper Devonian in New York, etc. He
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observes that the facts from the Devonian of Manitoba and Mackenzie rivers described by
Whiteaves confirm this view.
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5. Mollusks.-(a) Lanzelllbranehs.-Fig.91'2, Orthonota undulata Con.; 913, Peerinea
flabelia Con.; 914, Grammysia bisulcaCa Con. (Hamiltonensis of Verneuil), also Euro
pean, in the Eifel; 915, Microdon bellistriatus Con. Of the genera of Lamellibranchs
represented, Grammysia has 15 species (all in the Hamilton), Modiomorpha 9 (all 1-lam.,
1 also Marc.), Aviculopecten 15, one, A. princeps, occurring in New York, Ontario, Ken.
tucky, and Indiana. JsTucuia 9 (all Ham.), Leda 4 (all 1-lain.), Paracycias (Lucina) 4,
&hizodus 3, Solemya 1, Orthonota 4 (all Ham.), Lunniicardium 5 (all Marc., and 2 con
tinuing into the Hamilton).
(b) Gastropods. -Of the 10 species of Platyceras, P. con icum, P. erect urn, P. cannatum, P. thetis, P. syinmetnicum and P. rectum come up from the Corniferous. There
are a dozen species of Bellerophon, several of them like B. patulus, large and beauti
ful, much exceeding, in both respects, any of the Silurian species.
(c) Pteropods and Cephalopods. -For figures and descriptions of many species, see
Hall, vol. V. ; also publications of Meek and Worthen, Whitfield, Beecher, Billings, and
others. Among the species are Orthoceras crotalunz H. (Spyroceras of 1-lyatt); Gorn
phoceras oviforme H. (Acleistoceras Hyatt) ; Gyroceras transversum 1-1. (Rutoceras I-Iyatt)
Nautilus buccinurn H. (IsTephniticeras Hyatt, a type having many Hamilton species)
Goniatites (Discites) lfarceUensis Van. (Centroceras 1-Iyatt) ; Goniatites discoideus H.
(Parodiceras Hyatt).
6. Crustaceans. -For figures of the Hamilton (and other Devonian) species of these
tribes, see Hall, N. Y. Pal., vol. vii.; Beecher, Rep. Geol. Pa., vol. PPP, 1884; Packard,
Monograph on Y. A. Phyllop., 1883; Whitfield, Am.
Sc., xix., 1880; and J. M.
Clarke, Am. Jour. Sc., xxiii., 1882; and lb., xxiv., 1882 (on Turrilepas). Dithyrocanis
BeW Woodw. (Geol. Mag., 1871) is from Gaspé.
Some of the characteristic Marcellus fossils are: Productella truncata H., Orb iculoidea
minuta H., Lelorhynchus limitare H., Chonetes mucronatus H., Lelopteria lclvis H., Pleu
rotomaria virgulata H., Styliolina fissurella 1-1., Orthoceras subulatum H.
The Iowa Hamilton has afforded species of Megistocninus, Taxocninus. Synbatho
cninus, Pentrenzites ; Orthis suborbicularis H., 0. J7anuxemi IT., 0. lowensis, 0. ince
quails, 0. prava, Stropheodonta arcuata H., S. nacrea 1-1., S. reversa H., S. demissa,
S. perplana, Productus dissimilis Fl., Producteila pyxidata I-I., P. subalata H., Productu.c
Shumardianus H., Spirifer Hun gerfordi, S. Whitneyi H., S. fimb'n(atus Con., S. bimesia
us H., S. aspen H., S. Parryanus H., S. ))ennatUs Owen, S. Jtanionensis Shumard, C'yrtina
umbonata H., C. triquetra H., Gypidula occidentalis H., Atrypa aspera, A. reticulanis,
Euomphaius cyclostornus H.

4.

CHEMUNG PERIOD, OR LATER DEVONIAN.
ROCKS-KINDS AND DISTRIBUTION.

The Chemung Period includes (1) the PORTAGE epoch,
represented by
the Genesee shale below, and the true Portage group above; and
(2) the
CHEMUNG epoch. The Catskill group, which has usually been made to
repre
sent a third epoch, is mainly, as stated on page 576, the sea-border
part of
the Upper Devonian.
The Genesee shale, at the base of the Portage, is black and bituminous,
like the Marcellus shale, and rather sparingly fossiliferous. It is 100 to
150 feet thick in central New York, along Oayuga Lake, where it overlies
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the Tully limestone, and. 25 feet on Lake Erie, and 200 to 300 in west central
Pennsylvania. Along one or two levels there are great numbers of large
and small calcareous concretions which are often septate (page 97), so as
to make the concretions look a little like the backs of turtles.
In western
New York a layer of bituminous limestone, six inches to two feet thick,

occurs near the middle, which is mostly made up of shells of a Pteropod,
the Styliolina fissurella Hall (Fig. 916), and is called the Styliolina lime
stone.
With it occur remains of fossil fishes, Dinichthys, Palwoniscus, and
other species.
The Portage group, of New York (so named from the village of Portage,
Livingston County, N.Y.), outcrops along a wide belt extending eastward
from the south shore of Lake Erie. It is well displayed about the south
end of Cayuga and Seneca lakes. Its beds are shales and flags, or shaly
sandstones, - the Naples group, - and, above these, the Portage sandstone,
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which has relations to the Chemung. The rocks have a thickness of 1000
feet on the Genesee River, and 1300 to 1400 near Lake Erie. The rocks are
in general very sparingly fossiliferous. They abound in ripple-marks and
mud-cracks, and the sandstones are often cross-bedded. But a portion in
central New York, called the Ithaca group, -prominently displayed on the
Cascadilla and Fall creeks, near Ithaca, -abounds in fossils. According to
H. S. Williams, the fossils, which are largely Brachiopods, have near relations
to those of the Chernung group, and also about as close to Hamilton species;
and as they are overlaid by 500 or 600 feet of sandstones, mostly barren, but
containing some Portage species, they are referred to the Portage group.
They are the only part of the beds that give much knowledge of the life

of the period; and this is imperfect, as Trilobites, Corals, Crinoids, and other
species of purer waters, are absent.
In eastern central New York, in Delaware, Otsego, and Chemung counties,
there is a sandstone formation, the Oneonta sandstone of Vanuxem, which
resembles the Catskill beds; but it is overlaid by beds containing Portage
fossils; and in some places, Chemung species. It indicates the existence,

at these localities, of Catskill conditions during the Portage and Chemung
epochs, if not also during part of the Hamilton period.
(H. S. Williams.)
On the distribution of the Oneonta beds, see Darton, Am. Jour. Sc., 1893.
In central and western Pennsylvania the limit between the Portage and
Chemung is not clearly ascertained. The thickness of the two in Monroe
County, eastern Pennsylvania, is about 2500 feet; Fulton County, south
central Pennsylvania, about 3600 feet, of which 400 are referred to the
Portage. Along the south shore of Lake Erie, the lower part of the "Ohio
shales"is referred to the Portage, and the rest to the Chemung. Near
Cleveland, 0., the thickness of the "Ohio shales"is about 1350 feet, and
farther west, at Elyria, 950; but at Wellsville on the Ohio, 2600 feet.
The (Jhemung beds in New York are a continuation of the Portage, with
little change in the rocks, except that they are slightly more arenaceous,
and of a lighter color, but with a great change in the abundance of fossils and
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in their kinds.

They cover a large part of southern and western New York.
The layers bear the same evidences of shallow waters as the Portage, and
are often cross-bedded from the sweep of the currents of probably the tidal
ebb and flow. The thickness south of Cayuga Lake is stated at 1500 feet,
and in Chautauqua County, bordering Lake Erie, 950 feet. At Panama, in
this county, about a dozen miles from the western border of New York, the
Ohemung rock is a hard, quartzose "fiat-pebble" conglomerate, its pebbles,
which are mostly of quartz, being commonly flat. The rock near Panama
stands up in bold bluffs and walls, with intersecting passages and isolated
towers, making the place one of the so-called "Rock-cities" of western New
York.

The conglomerate is 200 to 300 feet below the top of the fossiliferous
The rocks dip southward gently, and in the north
Chemung of that region.
western counties of Pennsylvania are succeeded by the shales and sandstones
of the Waverly group containing a different fauna.
The thickness of the group is greater over northern and central Pennsyl
vania, along the Appalachian area, becoming 2000 to 8000 feet; but, like the
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Portage, it diminishes rapidly westward, where it passes outside of this area.
The Upper Devonian is represented over the larger part of the Central
Continental Interior by a "Black shale," a stratum 10 to 200 feet thick,

carbonaceous, but not always black.
At Burlington, Iowa, it includes some
limestone. It indicates nearly uniform conditions of level over a great
extent of surface, but with variations only, between salt or brackish and fresh
waters.
Its fossils are mainly small Brachiopods, Ceratiocarids, and Fishes.

The Catskill group-so named from the Catskill Mountains of eastern
New York -consists of sandstones, often passing into conglomerates, with
some shale. The beds are usually red, but occur also of greenish and other
shades. They are rarely fossiliferous; and the few animal fossils found
are those of Fishes, Eurypterids, and some fresh-water Lamellibrariehs. A
prevailing red color, and no marine fossils, are its accepted characteristics;
but these are poor criteria for separation chronologically from the Chemung.
H. S. Williams
Hall was the first to show that they were in part Chemung.
has recently referred the whole to the Upper and Middle Devonian, and
speaks thus of its relation in position over the state of New York to the
rocks of these periods: "In the Genesee section in western New York,

the whole of Devonian time is recorded without any trace of the Catskill
formation; it is neither above, below, nor within the Chemung.
One hundred
Lake
miles eastward, the section running through Cayuga
shows at the
of
the
close of the Devonian, after the cessation
Cheinung fauna, a Catskill
formation several hundred feet thick.

Another hundred miles eastward,
across Otsego County, the section contains (1) rocks of the Catskill formation
for the upper third of the Upper Devonian; below these (2) a sparsely
fossiliferous zone of Chemung - probably its lower part, and (3) a modified
Ithaca fauna; then (4) the Oneonta formation, which is but a detached zone
of the Catskill; next (5) a fauna intermediate between that of the Ithaca
and the typical Hamilton, underlaid by (6) the Hamilton formation of the
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Middle Devonian. Still farther east, along the Hudson River valley, the
Catskill formation occupies the whole of the Upper Devonian interval."
The beds show that the region of their depositions was invaded, here and
there at times by fresh waters from the bordering hills.
In the Catskill Mountain region the Catskill rocks are to a large extent
the summit rocks and have a thickness there of 3000 feet. Marking them,
as is usual, by their coarse sandstone character and red color, they extend
southwestward into Pennsylvania, along the course of the Appalachian
have a reported
trough, from Port Jervis, N.Y., to Fulton County, and
thickness, in this part of the state, of 4500 to 7000 feet; 3430 at Port Jervis,
4000 to 5300 in Monroe County, Pa., 7544 near Mauch Chunk, 6000 in Perry
County, and 3900 in Fulton County. In Fulton County, Chemung fossils
have been observed in the so-called Catskill beds by J. J. Stevenson, through
the lower 900 feet, reducing the thickness of the so-called Catskills at that
thickness
point to 3000 feet. Wrest of the above-mentioned line, the reported
diminishes; in southwestern Bedford County, it being but 2000 feet, and
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only a few feet in western Somerset County.
Eastern New York and Pennsylvania continued to be for a long time a sea,
border region, undergoing the subsidence required for thousands of feet of sea
shore deposits, because here lay the border of the Appalachian geosyncline.
The Portage group was early called the Nunda group, from this early name of the
village of Portage, situated on the banks of the Genesee River, where the beds occur.
The Genesee shale is finely displayed at the opening of the gorge of the Genesee at Mount
Morris; and it also forms high cliffs above the Tully limestone along the borders of
Cayuga and Seneca lakes. The concretions occurring in the rocks sometimes contain min
eral oil, and a soft substance looking like spermaceti. The region of the Portage beds in
New York is famous for its waterfalls.
On the Genesee River, the group includes, above the Genesee shale, (1) the Cashaqua
shale, and the Gardeau shale and sandstones, the Naples beds of J. M. Clarke; and
(2) the Portage sandstones. The Portage beds of western Pennsylvania are so deeply
buried that their thickness is unknown; the drillings for oil do not reach down to them.
The Ithaca group abounds in ripple-marks, mud-cracks, calcareous concretions, and
cone-in-cone forms. It is referred by Hall to the Chemung series.
Prosser has deduced from the many drillings in western New York, and the observa
tions of Hall, I-I. S. Williams, and others, the following section for the region not far
west of the Genesee River, near Rochester: Wolf Creek Conglomerate
Chemung (to 1450' depth)
Portage
Genesee shale
Hamilton (to 3200' d.).
Marcellus shale
Corniferous
Lower Helderberg? .

Feet
300
1150
900
100
750
50

Sauna P (to 4000' d.) .
Niagara and Clinton .
Medina
Hudson, Utica
Trenton (to 6960' d.) .
.
Calciferous? (to Archeau?)

Feet
600
250
1158
598
954
137

iso

In Pennsylvania, in Perry County, the Chemung is 3300' thick, and the Catskill 6000'
(Claypole) ; but the latter contains in its lower third some Chemung fossils. In Columbia
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County, where the Catskill is made 4500' thick, 2300' to 2443' are referred to the Chemung
and Portage (I. C. White). Above lies a transition Catskill-Chemung group of 1000',
regarded as transitional because they are so in color, and contain some Cheiuuiig fossils;
and to the west, the true Catskill group wholly disappears; that is, the rocks have nothing
of the Catskill characteristics.
In Prosser's section in Monroe County, Pa., referred to on page 594, he found the beds
to correspond to the Portage, Oneonta, and Chemung, through a thickness of 3050',
and to include the Chemung beds of White, and the overlying Starucca sandstone, 000',
New Milford shales, 100', and the Delaware flags, 1200'. Above come the Montrose
shales and the so-called Catskill beds, the last consisting of the Flonesdale sandstone, the
Cherry Ridge group, 325', the Elk Mountain sandstone and shale, 2001, and the Mount
Pleasant, 1150', Red shale, 300'; about 2000' in all.
The "Black shale" of the Central Interior occurs in Indiana, at the Falls of the
Ohio, with Genesee shale fossils at its base; in Kentucky, 200' thick in the northeast part,
and diminishing southwestward. In Illinois it is 40' to 60' thick, the thickest along the
Ohio; it contains a Genesee Lingula. In Tennessee, through much of the state, it is
100' thick and less. Owing to denudation, it is not found in central Tennessee. In Ar
kansas and Missouri, its equivalent, the Eureka shale, is 0 to 591 thick.
In Ohio, the Ohio s/tales include the Cleveland shale, Erie shale, and Huron shale of
Newberry; a belt of it, 10 to 20 miles wide, and several hundred feet thick, stretches
across Ohio from Lake Erie to the Ohio Valley, and is noted for its calcareous and
ferruginous concretions; the lower part corresponds to the Huron shale, and the upper
beds to the Cleveland shale. At its base, or directly below it, Hamilton fossils have been
found; but above, a few Portage and Chemung species. The Cleveland shale has
afforded many remains of Fishes. The Perry sandstones of southern New Brunswick are
mentioned on page 594.
The yellow sandstone at Pine Cove, Muscatine County, Iowa, and the Rockforcl shale
belong near the base of the Chemung.
In a paper by Darton (1893) it is proposed to adopt the name Catskill for the period
including the Chemung and Portage. But, as has been shown, it has not the fossils that
would entitle it to such a position. In fact, the name Catskill has no right to a place in
the time series. Its introduction was from the first an error.
In the Arctic regions, on the eastern part of the north coast of Grinnell Land, at
Dana Bay, occurs an area of rocks containing Proclu.ctus mesolobus or costatus, a Spiriy'er,
etc., which are referred by the authors to Devonian (Feilden & Dc Rance, Q. J. G. S.,
xxxiv., 1878) ; but these fossils are Carboniferous.
An interesting excursion in eastern New York, for the study of the Devonian series,
may be had by going to Catskill Village, and passing westward over the hills at the base
of the Catskill Mountains. Over the Hudson River slates lies the water-lime of the Middle
Upper Silurian; then the successive subdivisions of the Lower ilelderberg. Beyond lies
the Corniferous limestone of the Lower Devonian; then the Marcellus shale and Hamilton
sandstones. Moreover, the flexures of the rocks are instructive. See %V. M. Davis on
the Little Mountains, Appalachia, 1882, page 20.
Rondout, N.Y., on the Hudson River, affords a section from the Hudson beds to the
Corniferous inclusive, part quite fossiliferous, and the line of a great fault above the Hudson
beds, and is another good place for the geological student. See W. M. l)avis, Am. Jour.
Sc., 1883, vol. xxvi.
The Devonian series of the Pahranagat Range, central Nevada, is 3000' thick, and is
fossiliferous. It ests on the Silurian. For notes on the Upper Devonian of the Eureka
district, see pages 589, 592.
Mineral oil and gas.-The upper part of the Upper Devonian is the
chief source of the mineral oil and gas of Pennsylvania.
The drillings
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descend to a coarse oil-yielding porous sandstone called an oil-sand; and
on reaching it, the oil, if the well is successful, usually rises to, or above, the
surface; or if a gas well, the gas comes out with great force. The number
of different oil-sands in a region is one to three;
they are confined to
about 300 feet in thickness of the beds, and each is 20 to 60 feet, or more,
thick. The productive counties lie in a belt, nearly northeastward in course,
from Greene County, in the southwest part of the state, to McKean
County,
on the northern border; and they pass this border into Alleghany County, N.Y.,
and also on the south, into Monongalia County, W.Va. See map, page 731.
In the counties from Warren to Washington the oil-sands are within 400 feet
of the summit of the Devonian; in the part of the beitmore to the northeast, in
McKean County, and in New York, they are in its lower part, or between 1200
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and 1800 feet of the summit. The latter is a high region, the surface 1800
to 2600 feet above the sea level. The wells often let up much salt water from
different levels.
Frequently water rises with the oil or gas, making the well
valueless unless tubing to the bottom will exclude the water.
The oil-sands are coarse, open-textured sandstones - so open in texture
that they are able to hold a vast amount of oil in the spaces between the

grains. All the oil-bearing regions are also gas-producing; but the well is
available for gas only when the latter comes to the surface free from oil as
well as water. Moreover, the gas is abundant, according to I. C. White,
only where the rocks passed through in the drilling lie in a low anticline. The
open-textured sandstones are possibly sandstones that have lost the finer
material between the grains by percolating waters. As some of the Chemung
beds are more or less calcareous, they may originally have been calcareous
sand-beds, and have become porous by the removal of the calcareous part;

but this is only conjecture.
The oil is usually projected in jets, and the power has been shown to be
Artesian, or hydrostatic, by I. C. White, in agreement with Orton's view for
A well near Kane, in
the Trenton limestone gas of Ohio and Indiana.
to
a
of
2000
feet,
in 1878, but abandoned
McKean County, Pa., drilled
depth

because of the small yield of oil, became afterward a water-and-gas geyser,
gas and not steam being the moving agent. Fig. 925 is from a photograph
received in 1879 by the author from C. A. Ashburner, accompanying a
description by him of the geyser. The well at that time threw up a column
of water and gas, at intervals of 10 to 15 minutes, to heights varying from
100 to 150 feet. On August 2d four successive jets had heights of 108,
132, 120, and 138 feet. When the gas of the columns was lighted at night,
"the antagonistic elements of fire and water were promiscuously blended,

at one moment the flame being almost extinguished, but only to burst forth
the next instant with increased energy and greater brilliancy." Mr. Ash
burner explains the action thus: "The water flows into the well on top of
the gas until the pressure of the confined gas becomes greater than the
when an explosion takes place, and a
weight of the superincumbent water,
The gas comes
column of water and gas is thrown to a great height."
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from the deep-seated rock that has yielded also the oil, and some higher tem
At a depth
perature than that of the surface was needed for its production.
of 1415 feet in the drilling a very heavy
925.
" was struck, and this was
gas vein
the chief source of the gas.
Ashburner
remarks further that several other wells
in the oil-regions have had similar gey

"

sers ; and as early as 1833, in the valley
of the Ohio, a salt well threw jets of

-

water and gas, at intervals of 10 to 12
horns, to hen,hts of 50 to 100 feet
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A. 1 ~The Original ouice of the oil is sup
posed by most writers on the subject,
" ..
to have been a 1)evonian shale, like the
"
Ut nesee 01 i\Lu elhis, below the level
of the Chemung beds from winch it
was evolved in i slow process of distil.
I ttion
The conditions ne essai', for
ml on this view, are (1) a primary

".'
-source
of the oil ; (2) strata to receive
-.
- - f.f
and hold it; and (3) overlying deposits
';
to 1nevent its escape to the ui face and
These three
consequent dissipation
conditions are fulfilled by (1) a deep

carbonaceous rock containing
abundant organic remains; (2) an overlying porous stratum ; and (3) super
These
incumbent shales, slates, etc.
seated

- -L
Water-and-gas geyser.

statements also apply to gas production. SIi ght subterranean movements
attending the making of the Appalachian Mountains to the east and south
east would have produced some heat, and so have caused oil to escape from
the shales; and the vaporized oils would have risen until they were some
where condensed -either in confined places in or among the rocks, or still
I. C. White regards the source as
higher in the open air (Peckham, 1884).
organic materials within the sand-beds.

The oil wells of western Pennsylvania yielded, in 1801, 31,71)3,477 barrels of the crude
oil, or petroleum. Of this, 5,452,418 barrels were from the Bradford district, McKean
County, and 10,317,258 from Alleghany County, the county of which Pittsburg is the
capital. In the same year, the yield of Alleghany County, N.Y., adjoining the northern
end of the Pennsylvania belt, was 1,121,574 barrels; and that of West Virginia, adjoining
the southern end, 2,406,218 barrels. The total yield of the United States in 1891 was
54,291,980 barrels. Ohio produced 17,740,307 barrels, making the yield for Pennsylvania
and Ohio together 49,533,784 barrels. But the oil of Ohio was nearly all from the Lower
Silurian Trenton limestone- this formation affording 17,310,000 barrels; the Berea grit,
which is referred to the Subcarbouiferous, supplied only a few hundred thousand barrels.
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A barrel equals 42 gallons. The yield of Pennsylvania in 1859 was 2000 barrels; in 1860,
500,000 barrels; in 1870, 5,260,234 barrels; in 1880, over 26,000,000 barrels. In 1892, the
yield was over 4,000,000 barrels less than in 1891.
For a report on the oil and gas regions of
Pennsylvania, with maps, see Rep. 16, of
the Penn, Geol. Sure., by John F. Carl!, 1890; and for Ohio, Rep. vol. vi., on Economic
Geology, by E. OrIon, 1888; and for Kentucky, Rep. by E. Orton, 1801 ; and for Statistics,
Mineral Resources (t the U. S., by D. T. Day, 8vo. ; U. S. G. S., volumes for 1891 and
1892, issued W1893.
926-930.
029.

020.

927.
-S

II

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

930.

I oil 10 0 it,
0?S.

S

PIg. 926, ArohteopterIs Hahhlana; '927, A. minor; 928, Anetmites obtusus; 929, Siglllaria Vanuxemt; 980, Lept.
dodendron Chemungense. Figs. 926, 980, Hall; 927, 928, Lesquereux; 929, Vanuxem.
DANA'S MANUAL -39
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LIFE.
There are
PLANTS. -In the Portage the remains of land plants are rare.
stems of species of Lepidolemfron - L. Citeui nq°ii.se and L. ])) IO'U)fl ; of
of Gyclostiiii a - (1. afflia Dn.; of Calani ites L1icopodi(es and Itiwrra

Boriw. inoriiata Dn.; of Tree-ferns, Asteioclila'na (A.tei p(eii.) .'eboiu.eensis
Dii., from Milo, N.Y. ; and woods of Gvmnosperms, as Coi-daitc (formerly
Dado.rI1oii) Clarki Dii.
Sporangites (S. Huioiensi.s') occur in the more bitu
minous portions of the G-enesee shale.
91011.
(k.

1j
\/, ;
-/If J
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Dlctyo-cordaltes Lacoel, Daw8ou (1): a, venation of leaf; b, fruit enlarged.

...

".-Dawoii, 'SD.

The Gkem?n-y land plants discovered include those of the Portage and
others.
Some of them are represeiitel on page (309.
Figs. 92(3, 927,928 show
portions of plants from the Cheinung if ( ilhoa N.Y. ; 928, from the Catskill
beds of Montrose, Pa. ; 929, fruin Pottsville, Pa., and Franklin, N.Y.
The
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Pottsville specimen of Aneiinites obtusus Lx, (Fig. 928) was over a foot across.
A Tree-fern also, ca?ilopter!s Lockwood! Du., has been obtained at Gilboa. Fig.
929 represents a Sigiliarfa from the Chemung of Owego. N.Y., and 930, a

Elmira, N.Y., the latter with very small leaf-scars.
Lepiclodedron from
In the specimen of Fig. 929, the upper part shows the scars as they appear
on the inner surface of the bark.
Specimens of L. Gaspianuin, of the Lower
Devonian , and some other species, have also been found in the Chemung
beds of New York; and L. coi'rugatum of Dawson in the Chemung of Ohio,
and also at the base of the Carboniferous near Pottsville, Pa., and in Vir
ginia. The Gasp species accompanying the Fterichthys Canadeiisis, and indi
cating thereby that the beds are Upper Devonian (Dawson), are Archceopteris
Gaspiensis Dim., Aneim ites obtusus Lesq., and Rhacophyllum Brown ii Dn.
Fo
9'1 represents a remarkable plant from beds in Wyoming County,
it). ~C)
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Pa., referred to the lower part of the Catskill series. Dawson regards it as
belonging to the Cordaites group, under Gymnosperms. The fruit enlarged
is shown at b.
The black shales of the Upper Devonian in New York, Canada, Ohio, and.

elsewhere, like those of the Lower Devonian, abound in Sporangites (page
- were, as
596). The facts show that the simple plants -the Rhizocarps
Dawson states, very abundant in the waters. Dawson speaks of the spores
as "dispersed in countless millions of tons through the Devonian shales of
Canada and the United States," and as being the source of their black color
and their oil-yielding character.

ANIMALS.
1. Spongiozoans. - The network hexactinellid Sponge, Dicty
opiviton tuberosum of Conrad, occurs in the Cheimmg, where there are also
982.
other species of the genus.
Upliantcenia Ghemungeisis of
Vanuxem is another peculiar glass Sponge of the Chemung,
found near Owego, N.Y., first referred to the Sponges by
Whitheld

Corals and Crinoids. - These are not common in
the Portage or Chemung group. Some calcareous beds of
the Chemung have afforded Corals of the genera Zap/i i'entis
and Heliopliailuin (near H. Hail! of the Hamilton); also
remains of Crinoids, showing that these animals were
absent from the Upper Devonian only because the con
ditions of the New York and the bordering seas were
2.

unfavorable; they were back when the seas were again
of sufficient purity.

Molluscoids. - Some of the few Genesee and
Portage Brachiopods are represented in Figs. 933 to
936. In the lettering underneath the cut the letters G.
SPONGE. - Dlctyophytou
tuberosum.
and. P. are initials of G-enesee and Portage. Besides
the genera represented in the figures, Chonetes and Proclucteila are also
3.

prominent.
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Brachiopods were far more numerous in the Chemung beds than in the
Portage. The figures 939 to 9-12 represent common species; 941, an Atrilpa
of ornate type, like the young of A. retidlll((uis; 940, a species of Procluctella.
933.

933-038.

1

034.

937.

930.
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Ba&omoPoDs. -Fig. 983, Splrifer iv1s (P.); 934, Leiorbvneus iuat1r1costatum (G.) ; 985, Lingula spatulata, (x8
(G.); 986, Orbiculoidea Lodensis. (x 2)(G.). LAMELLIURACLL5. -Fig. 987, Lunuilcardlum fragile G. and P.
988, Glyptocardia speolosa (0. and P.). Hall, except Fig. 98.1, King.
4.

Mollusks. -Lmel7ibranc1s were few in the Portage, but very numerous
in the New York and Pennsylvania Chemung beds, outnumbering all other
Mollusks.

Hall

describes 252 Chemung species, and only 11 from the
Portage and Genesee beds, with 174 from the Hamilton.
Figs. 939, 940,
943. 944, 945. represent some common forms.
A compressed specimen of a
New York Catskill species is represented iii Fig. 948.
It has the form of a
freshwater Unjo, and the name Am iiiqe#ila, of Hall, alludes to its suspected
freshwater habitat.
It is from the "Oneonta sandstone of Chenango and
Otsego counties, N.Y., and has been found also in the Catskill beds of Bedford
County. Pa.

The "Black shale" of Ohio and the states west and south, which repre
sents the Genesee with more or less of the Portage and Chemung beds, is
remarkable for the great rarity of fossils.
In Ohio. the lower beds have
afforded the Portage species : C'hommetes scitulus, Gomatites compfaictus, Coleo
lus acidilla, St?/liolina fissrella ; and the upper and middle portion, the
Cliemung species: Leorhnchus lflesaCostcfle, Spir/r cii.juwtus, S. altus;
also species of Liigiila and O,bieuloidea.
Southern Indiana has afforded
Linqiila spatillata, Disciia (Sc1iizobols) truncata, Uhonetes lepidus, Leiorli?/n
chus quaciricostatum (Genesee species), L. limitare (a Marcellus sp.), St!flwlina
Fossil plaiits also are rare ; but wood of Gymnosperms, referred
fissurella.

to

In most parts of the shale,
Dadoxylon and Cordaites, is found in it.
Sporangites are in great abundance, S. Huronensis of Dawson, ---- to Th
inch in diameter.
The prolific
Gastropods are few in both the Portage and Chemung beds.
of
the
earlier
Devonian,
genera
Platyceras and Platystoma, have a number
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of species. The genera
having the most of the species are Loxonema, cyclonema, and Bellerophon.
counlarice are not uncommon.
.09-947

il-lu ,.

Ni

94-7).
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-i
947.
942 (t.

11-12 '.

Bncrjiorons, Chernung. -Figs. i'$9, 930 a, Rhynchonella contracta; 940, 940a, Productclla lacrvrnosa; 941,
Atrypa hystrix ; 94 a, b, Siiirlfer dislilnetus. LAMELLIBRANrIIS. -Fig. 94$, vIcu1opecten mnplicatus ; 944,
Pterlnea Chenitingensis ; 945, Leptodesnia Ikhas. GsTiuIon. -Fig. 946, Bellerophon rntra ; 047, Bactrites
acicula. From hail.
01 ,
-

---

\-'

-:-LAMELLxnadu, Catskill. - Amnigenla Catsklllensls.

Vanuxetn.

Cephalopods are few, except under the genera Goniatites and Orthoceras.
The thin Styliolina limestone bed in the Genesee shale contains several
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species of Goniatites and Orthoceras, and a few other species. The Naples
beds, in the Lower Portage, have afforded the first of American species of
949-053.
940

950.

"11

951.

__-

p4
952.
U
At
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963.

Fig. 949, Clymenla Neapolltana, ofNew York (x 4) ; 950, profile of same; 951, transverse section near beginning
of 5th whorl; 952, same at end of 1st, 2d, 8d, and 4th whorls; 958, form of the suture at 2 revolutions.
J. M. Clarke.
Clyrnenia (Fig. 949), a genus related to Nautilus, but having the siphuncle
dorsal (Fig. 951). Fig. 954 represents Goniatites intumescens (0. Fatersoni
Hall) of the same beds; it occurs also in the Ithaca group.
054.

The so-called Gatskiil beds contain no
remains of marine Mollusks o any kind,
except occasionally such as are regarded as
Chemung, and as indications ti at the beds
are Chemung.

. Crustaceans. -Trilobites have not a re
corded species from the New York Portage;
and in the Chemung occur only Phacops
nupera H., doubtfully, and C1ypliasphis icvis
H., Phacops ran a and Dcilmanites (Cry

k7
GunIutlte8 Patersonj Hall.

phus) Boothi. But conditions were more
favorable in Ohio, and a Chemung fauna,
according to Herrick, has afforded the follow-

ing species : Proetus minutus Hk., P. prcecursor, P. doris IVinchell, P. anne
tlatus H., Phcethonides occidentalis Hk., P. spinosus ilk., and others.
Phyllopod Crustaceans were of various forms and species in the Portage,
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and besides these, there are the first of true
Shrimps, or Macrural Decapod
058.

955-958.

057.

055.
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956.

PORTAGE. - Fig. 955, Me5othyra Oceani; 956, Dlpteroonris penna DedalI; 957, D. Proone; 955, Palaopaliemon
Nevberryl. Fig. 955, Hall; 956, 957, J. M. Clarke; 95, WIiittleld.
Crustaceans, Palcopaimon Newberryl of Whitfield (Fig. 958). Under the
Phyllopod genus Echinocaris of the same author
959.
there are a number of species ; and the related Mesothyra Oceani of Hall (Fig. 955) had a length and
breadth of more than 10 and 5 inches. Figs. 956
and 957 represent carapaces of two other Phyllo
pods. The specimen of Pakopalcemon was found in
Ohio, in the lower part of the Ohio shale.

6. Limuloids. - The lower beds of the Portage
and Upper Chemung have afforded species of Euryp
terns. Also a few abdominal segments of great size,
which have been made the basis of the species Stylo.
nurus TVrightianus, supposed to have been two feet

long.
Of Catskill Eurypterids, one gigantic species, Sty
lonurs excelsior H., has been described from imper
fect specimens found in the Catskill beds of Delaware
County, N.Y., and Wyoming County, Pa. The cara-.

Cnzriuwo. -Fig. 99, Protolimulus Erten8ts, ventral side.
H. S. WffliawB.
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pace is nearly 10 inches square, the toothed-edge of the mandible 1-i- inches
In addition, a
long, and the whole length probably over 4 feet (Hall).
960.

060-962.

960 a.

961.
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962.

dorsal view; 960 a, id. ventral view; from Whiteaves;
PLAOODER!&L -Fig. 960, Bothrlolepis Canadensis (x
m. v., middle ventral plate; a. m. v., anterior middle ventral; a. v., anuriur ventral; p. v., posterior ven
tral; 961, terminal part of pectoral limb of a Bothrlolepis (Cope); 962, plate of a Bothriolepls (Leldy).
963.
064.

00000wrErD Fisns. - Fig. 968 restored ventral plates of flolonerna r&gosurn (x , from II. S. Williams;
964, restored ventral plates of Phlyct*nasjts Acadlea of Whiteaves (x ), from Traqusir.
species, related apparently to Limulus (Fig. 959), has been found in the
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Chemung of Erie County, Pa.
Williams.
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It is the Protolimulus Eriensis of H. S.

T. Vertebrates. -Remains of Placoderms,
of the brachiate type, or re
lated to PteriehtIi,s, have been found in Ohio
and in the Catskill sandstone
of New York and Pennsylvania, and
nearly perfect specimens (Figs. 960,
960(t) of one species, Bothrioiepis Canaclensjs of Whiteaves, at Scaumenac
Bay (in Baie de Chaleurs), New Brunswick. Fig. 960 is a view of the dorsal
shield, anti 960 a, the ventral, both reduced to a third of the natural size;
and 960 shows also the probable outline of the
posterior extremity, which
has been added to Whiteaves's figures from the form in
Ftericlithys. Fig.
961 represents, natural size, the
termination
of
a fore limb of
finger-like
the
same
possibly
species, described by Cope, which was found at Mansfield,
9135
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9(37.

905-969.

966.

968.

969.

DIPNOAN FISHES. - Fig. 965, Dtnlchthvs liertzeil, front view ofjaws (X A); 966, ventral plates (x,'); 967, palate
tooth of Diptorus Shorwoodt; 968, Id. of Ctenodus NeIsont all from Newberry. Fig. 969, Phaneropleuron
curtum (x3), from Whiteaves.
Tioga County, Pa., with remains of Holonema. Fig. 962 represents a plate
of Bothriolepis from the Catskill beds.
No remains of the posterior scaly part of the body have been observed in
connection with specimens of the American species of Botliriolepis, though
occurring in Scotland with those of Pterichthys.
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The Goccostes family was represented by species of large size. The
ventral plates of two are represented on page 616.
Fig. 963 is Holonema
as
determined by H. S. Williams, the central plate
iyosuiii of Claypole ;
in the ventral shield (m. v.) has a length of S- inches. The specimen figured
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is from the Oneonta sandstone, near Oxford, N.Y.
In the related species,
New
Brunswick, the central plate is but one
Fig. 964, from Campbelltown,
070-074.
070.

G&NoIns. -Fig. 070, Glyptolepia Quebeceneta (xl); 971, Eusthenopteron Foordi (x,); 072, scale from a species
of Holoptychlua; 978, tooth, id. ; 914, Ch1roIop1 ('ann;1ttisIs. Fls. 970, 971, 974, Wlilteaves; 972, 978, Leidy.
The Dipnoans, or "Lung-fishes," were represented by
gigantic species
called by Newberry Dinicittitys and Titan ichtliys, from their size and formi
dable dental armature.

The species of Din ichtltys, to which Figs. 96, 966
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pertain, were described, from specimens found in the Cleveland shale of Ohio.
Fig. 965 shows the form of the upper and lower jaws in natural position of
Dini.hth!/s Ilertzeri. To represent the natural size, the figure should have a
breadth of 45 inches. Fig. 966 is the ventral shield.
It resembles that of
Cocfeus, awl

also that of Bothriolepis.
A still larger species is the
of
Titiuieh(1iy. Clai*i
Newberry, in which the head was four feet or more
broad, the lower jaw a yard long. This jaw was shaped posteriorly like an
oar blade, and anteriorly was turned upward like a sled-runner. Dinichtliys
Gou1il of Newberry had enormous eyes surrounded by sclerotic plates. The
Phwieropleuron of Whiteaves (Fig. 9(39) is a smaller Dipnoan from the
Upper Devonian at Seaumenae Bay, New Brunswick. Figs. 9(37, 968 rep

resent the palate teeth of two Dipnoans; such teeth, and the bracluate pec
toral and ventral fins are special Dipnoan characteristics.
975-977.
975.
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8ELAORZ4S.Ns.-975, Cladodus sInuatu8 (xi); 976, toothofC. ClarkL; 077,0. FylerI (xi). F1g8.075,976, 0J.aypolo;
977, Newberry.
Fig. 970 represents a Ganoid of Crossopterygian type -as indicated in
this figure by the thickened finger-like medial portion of the pectoral fin - a
A scale of a related genus,
structure better exemplified in Fig. 969.
Holoptyclilus, is represented, of natural size, in Fig. 972, and a tooth, referred
to the same genus by Leidy, in Fig. 973.
(See also page 625 for a figure of a
The genus Eu sthenopteron of
nearly complete specimen of another species.)
Whiteaves (Fig. 971) has special interest on account (as the name implies)
of the supports with which the fins are provided, answering to the pectoral
and pelvic arches of higher Vertebrates -a, the pectoral, and b, the pelvic
(only two bones of which are preserved); and also the similar and even
larger supports for the anal fin at c and for the posterior dorsal at d, with a
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like arrangement, but less perfectly, for the lower part of the caudal flu.
It is
They gave the posterior part of the body great strength for sculling.
further to be observed that the open space along the center of the vertebral
column indicates a persistent notochord. (cartilaginous), the spiuous
processes
being the only calcareous portions of the column.
974
Fig.
represents a
Canada species of Ghirolepis, a genus of the family Pala3oniscid. Pakeo
niscus Devonicus of Clarke. is another Devonian Ganoid, from the Portage of
New York. The species, Figs. 970, 971, 974, are from Scaumenae Bay.
Selachians, or Sharks, were represented not only by fin-spines and teeth,
but also, in the Cleveland shale of Ohio, by impressions or remains of the
nearly entire body.
mens of the latter

978

much

.:."
"

-
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BELACRIAN. - Fig. 978, Acanthodes affinla; a, scales,
natural size. Whiteaves.

Two speci
are shown,

reduced, in Figs. 975, 977
The largest yet found, G?a.dodus
Keplei i, had a length of six feet.
New heu) s fignie of C Ffler in
his Paleozoic Fishes of Xorth
America, gives it a length of
22 inches.

It is

referred

to

a

new

genus, Ciadoseicwha, by B.
Dean. The tooth, Fig. 976, is of the species Cladodas Clarki of Claypole.
Remains of a species of another genus, Acanthodes, related to the Sharks,

but having minute square or rhombic scales, has been found at Scaumenac
Bay. A small specimen is represented in Fig. 98. Other species of the
genus have been reported from -New York and Pennsylvania.
Characteristic Species.

Genesee shales. - Orbiculoidea Lodensis, Discina truncate, Lin gala spatulata (also
Portage), Chonetes lepidus (also Hamilton), Ambocalia umnbonata (also Ham. & Mar.),
Lelorhynchus quadricostatum, Stroph alosia tru ncata (also Marcellus), Lu a alice rdiun
fragile (Marcellus to Portage), Cardinia (Glyptocardia) speciosa (I-lam. to Cheinung),
Styliolina fissurella, Teneaculites gracilis'triatus (also in the lVlarcellus), Orthoceras sulutlatum (also Marcellus), Goniatites complanatus (also Upper Ham. and Portage), C. (uscoideus (Marc., Ham. also), 0. intumescens (= 0. Patersoni) (also Portage and Chemung).
Portage group. - Amboccelia uinbonata, Grammysia sa barcuata, Luaulicerdiun
fragile, L. acutirostrum, L. ornatum, Car(lWla SpeCiOSa, St!/iiOlifla jissurPlia, Bellerophun
natator, Coleolus acicula, Tengaculites graciiistriatus, Orthoceras pacator, GoniatiCes
coniplanatus, 0. intuniescens, 0. bicostatus, C. sin uosus.
Ithaca beds (noted for the number of Brachiopods). - Lin gala speCulate, Atrypa
reticularis, Spirfer vzesacosta?is and S. m esastrialis, Cryptonella eedora, Stropheodonta
mucronata, Rhynchonella pugnus, 1?. extinia, Productella .peeiusa, Leiorhynchus mesa
costale, Orthis impressa, Chonetes setigerus, C. scitulus, Crania; Lunulicardium fragile,
Schizodus quadrangularis, Paiwoneilo fllosa. Species of Leptodesma and Aviculopectrn,
Grammysia subarcuata, Tentaculites spiculus, Orthoceras bebryx, 0. .iulgidum. Spat hio
cans Emersoni Clarke, of the Portage, is described and figured in Am. Jour. Sc., xxiii.,
1882. The Palccopalmon was first described by Whitfielcl, in Am. Jour. Sc., xix., 1880.
The Naples beds, in the Portage, containing the Clymenia (Fig. 949), have afforded
also, according to J. M. Clarke (1801, '9), Paiwoniseus Drvonicus Clarke, Aca;jthode
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priscus Cl, Conodonts, Echfnocarjs JVkitjleldi Cl., E.? Beeclieri Cl., Spathiocari8 Emersoni
Cl., species of Entomis, Goniatites intumescens Beyrich, and many other species of the
genus, Orthoceras pacator Hall, and other species of 0., species of Bactrites, Bactrites?
acicula, ilyolithes, Tdntacuhite8 gracthseriatus, Styliolina
surella Hall, species of
.&tacroclieli us, Platf/stoma, l'le urotonzaria, Loxonema, Belleroph on, Leptodesma, Leiopteria,
G ramm!/Sda, J1Iacrolo fl, .VuCUla, Ung ii lina, Lu nulicardlu in, Cardiola (Ga rdiola retrostriata
abundant), 1'l, oladella, Liny ala, Ch o netes, Anlopora, Meljcrinus Clarki Williams, also
species of fossil wood. The Styliolina limestone, in the Genesee shale below, contains the
first representatives of the Naples, or G. intumescens, fauna; in it, Dawson has identified
Dadoxylon (Cordaites) Clark!, Cladoxylon mboabile Unger. The fauna and flora are
related to that associated with Goniatites intumescens in Europe. (J. M. Clarke.)
Chemung beds f New York and Pennsylvania. - Dictyophyton tuberosum ; Orthi
Tioga, 0. ilupressa, Stroph codonia Cayuta, Productella lack rymosa, P. h irsuta,
Iiliyncli onella contrueta, Leiurliynch us siniatunz, L. ,nesacostale, Sp(rfer disjunctvs,
Ambocaqia umbonata var. gregaria, Atliyris Angelica; Ariculopecten duplicatvs, Fterinea
Clieniungensis, Plycitupteria Sao, P. falcala, Leptodesma spinigerum, Goniophora Che.
in ungensis, Schizodus Chemungensis, Grainmysia subarcuata, G. coinmnnis, Sphenotus
contractus, Prorh 1, nchus nasuluin ; Tropidocaris bicarinata, Ech in oca ris soc iaks. For
descriptions of Cheniung fossils see Pal. .1V L, vols. iv., v., vii., viii. (C. E. Beecher.)
Lamellibranchs of the Middle and Upper Devonian. -The total number of species of
Lamellibranchs described and figured by Hall in vol. v. of the Paltt'ontoloyy of New York
is 458; and of these 195 occur in the Hamilton beds, and 203 in the Chemung. The
principal genera to which they are referred, and the number of species in each, are as
follows
H. signifying Hamilton, and C., Clieinuug : Actinopteria (H. 7, C. 10), Arieulpeeten (Fl. 1.3, C. 10), Gonocardium (H. 4, C. 2),
Cypricardinia (H. 2, C. 1), Edmoiulia (Fl. 0, C. 7), Glosites (H. 1, C. 7), Goniopitora
(H. 7, C. 4), Grammysia (H. 15, C'. 9), Leda (H. 4, C. 0), Lelopteria (H. 12, C. 3), Lep
todesma (H. 2, C. 55), Lunulieardiuni (H. 7, C. 0), Microdon (Fl. 4, C. 2), Jlodioinorpha
(II. 10, C. 7), 1Iytilarca (II. 2, C. 8), Nucula (11. 9, C. 5). Vucnlites (II. 5, C. 0), Ortho
iota (1-1.4, C. 1), Palwanatina (Fl. 0, C. 4), Pale'oneilo (H. 10. C. 10), Panenka (H. 12, C. 3),
Paracyclas (H. 4, C. 5), Prorhynehus (I-I. 0, C. 3), Pierinea (Fl. 1, C. 10), Ptychopteria
(11. 0, C. 22), &hizodus (1-1. 3, C. 8), Sphenotus (11. 5, C. 5).
E. 1). Cope has announced (1892), from the bed containing Fish remains, of Chernung
age, in Mansfield, Tioga County, Pa., besides iloloptyekius Aineriranus, the species Bothrio
lepis n.itida Leidy, Holonema qurn Clayp., Ganorh nch us oblon gum Cope, Holoptychius
qiganteus Ag. ; in Leroy, Bradford County, Pa., the bed probably Chemung, H. ruqosus,
H. horridus Cope, Ii. "illosus Cope; at a neighboring locality, Bo(hriolepis fl()' Newb.,
Coccosteus macronius Cope, and fragments of Osteolepis or Jlegalichlhys. Phaneropleuron
curium of Wrhiteaves (Fig. 000) has been made by Trauair into a new genus, named
Scaumenacia, on the basis of a slight difference, in the dorsal or dorso.candal fin,
between it and the original Phaneropleuron of Huxley. Plates of the large pterichthyoid
fish, Holonema rugosum, have been found in the red sandstones of the Oneonta group,
near Oxford, N.Y. (See Proc. A. A. A. S., vol. 30, 1890, page 337. Also, Am. Geol., vol.
vi., page 220.)
The minute teeth, long of doubtful ownership, called Conodonts, now regarded as the
teeth of Annelids, occur of several species in the Genesee shales of Erie County, N.Y.,
at North Evans, including the following described by Hinde (Q. J. G. Soc., 1877):
Prioniodus angulatus, P. acicularis, P. armatus, P. spicatus, P. erraticus, Polygnathus
dubius, P. nasut us, P. princeps, P. palniatus, P. punctatus. A plate is devoted to figures
of Conodonts (Fl. 57), in Ohio Pal., ii., 1875.
Additional Devonian plants. -The following are some of the species of St. John,
New Brunswick; those that occur also at Gaspé are marked with an asterisk, and those
also in New York or farther West, with a dagger.
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Psilophiton prwceps Dn. *f (Fig. 854, page 583'), Lepidodendron. Gaspianum Dn., (Fig.
855), Si/illaria paipebra Du., Stiçpnaria perlat.a Du.,Cordaites 1?obbil t (Fig. 80J), Arc/aropteris Jacksoni (Figs. 808, 899), eUrOJ)tei'S poly?norpha Dn. (Fig. 897), ,Y. Dawsoni
Hartt (leaflet over six inches long), Sphenopteris Hiechecickiana Dn., S. Ha'ninghausi
Brugt., S. Hartti Dn., Cailipteris pilosa Dn., Hymenophyliites Gersdoi:ti Udpp., IL
obtusilobus Göpp., Alethopteris discrepans Dn., Pecopteris preciosa Hartt, species of
Trichoinanites, Calainites rathatus Göpp. (Fig. 000), C. cannalonnis Schiotheim, Asterophylliees acicularis Dn., A. lc(tfoiius Du. (Fig. 001), Sphenop1ullum anttquu.m Dn.
Dadoxylon Onangondianuni Dn., besides fruits of Gymnosperms, of the genera cardlo
caipus and Trigonocarpus.
A Gymnosperm fossil wood, from Schoharie County, N.Y., has been named Q_
moxylon Erianunz by I)awson. At Perry, Me., occur Lepidodendron Gaspianum Dn.,
Leptop/ulau?n rhoinbicum Dn., Archwopteris ,Tacksoni Dn., A. Hal/tuna, A. 1?ogersi
Dn., A. (Cyclop(eris) Browni Dn., Caulopteris Lockwoodi Du., Anarthroeanna Perryana
Du., Stgmarza push/a Dn., and others, there being very few of the St. John species.
Some species are the same that occur in Subcarboniferous beds. See, for descriptions of
plants, in addition to Dawson's publications, also C. F. I-Iartt in Bailey's Yew
Brunswick-Geol.
Rep., 1865; Lesquereux, Report on Goal Flora of Pennsylvania, and another on
Indiana; Newberry's Ohio Reports, and other publications, etc.
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FOREIGN.
The Devonian beds in the British Isles comprise the Old Red sandstone
of Scotland; the same in southeastern Wales and the adjoining region of
Herefordshire in England, and of some parts of Ireland; and areas of slates
and limestone in Devon and Cornwall, or southeastern England.
iferous Devon areas suggested the name for the beds.
The more

The fossil

northern of the

Scottish areas (a) stretches in a southsouthwest direction, from the Shetland and Orkney Islands, along the west
coast of Scotland into Loch Ness; it has for part of its western boundary

the northern Highland Archan region of Scotland-along which must
have run a western shore-line in the Devonian sea.
(b) Nearly parallel
with this northern area, another crosses central Scotland from Stoneham to

the Firth of Clyde; and farther south, beyond a Carboniferous belt, is still
another interrupted line; and this central trough of chiefly Devonian and
Carboniferous rocks, about 50 miles wide, is in the line of the area of Car
boniferous beds (mostly Subearboniferous), and outcrops of Devonian, which
occur over western Ireland.
(c) A third area is that of eastern 'Wales
and the country adjoining; it has the Siluro-Cambrian region of Wales as its
western border; and its continuation southwestward embraces the Carbonif
erous area of South Wales; thence, the combined Devonian and Carboniferous
The northeastward and eastward
area extends over Devon and Cornwall.
continuation of this third area to the North Sea is under the cover of Triassic

and later rocks, except where Carboniferous beds outcrop.
Borings have
been supposed to prove the presence of Devonian shales and sandstone to
the eastward, under London, at a depth of about 1000 feet, Etheridge
identifying the fossils Spirifer disjunct us, Rhynchonella cubo ides with species
of Orthis, Ghonetes, and Edmondia,
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The Old Red sandstone is the rock of all the areas excepting that of
Devon and Cornwall. Jit consists of red, purplish, and brown sandstones,
coarse and fine, passing to a conglomerate and also to bituminous flags. It
shows by its coarse and varying features, by the absence of fossiliferous beds

bearing shells, corals, and other invertebrate remains, and by the presence
here and there of relics of Fishes and Eurypterids, that its origin was much
like that of the Catskill Red sandstone of eastern America-a roughly
made sea-border formation, in waters that suffered in purity from the contri
butions of streams from the bordering hills. The American Devonian has
abundant life beyond the Catskill sandstone area; and in the British seas
the beds of Devon are as prolific as the Chemung, Hamilton, and Corniferous
of eastern America.
The Old Red sandstone of Scotland (called Old Red in contrast with the
.Z'Tew Red or Triassic) is reported to have the extraordinary thickness of
10,000 to 16,000 feet. It is
979
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divided

into

an Upper and
Lower division, by a plane
of unconformability above the
level of the Caithness flags
Besides sand(A. Geikie).
stones the central basin of
Scotland includes a great
thickness (6000 feet) of igne
ous rocks - felsyte and fel-

syte porphyry, cloleryte and
other kinds; now forming, as
Geikie states, chains of hills,
as in the Pentland, Orchir and

Sidlaw ranges.
They occur
interstratiflec1 with the ordi
nary beds, several thousand
feet above the base of the
Devonian, and indicate a long

-. -

-""-.

"-

-.

)

\
()

"

- -).

-

I
sins of the Cheviot Hills and
of Lorne also had their vol
canic ejections.
I
The Old Red sandstone is
EuRvPTE1rD. -Fig. 979, Ptt-ryL'otus Angliens; a, eye;
remarkable for its Eurvpterids.
f appendages; 1 to 13, iiumbering of segments.
A Pteriiqotus is represented in
of six feet-more than three
Fig. 979, P. Angiicus, which has a length
times that of any Crustacean now living. Other common genera are
in some
Eurypterus and Stylonurus. An Ostracoid, Esiheria, is abundant
Prcvarcturns, has been described
places. A gigantic ISOpOdi Crustacean, the
Herefordshire.
by Wooclwarcl (1870) from the Old Red sandstone of
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Modern Isopods are seldom over two inches long.
The basal joint of a leg
of the Prarcturus was three inches long, and three quarters of an inch
980-983.
080.

980 c.
980 a.

982.

1
980

!-----_
I

-.i

LL
V

V
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981a.

983.

981.

P1AoonBMl. -Fig. 980, Cephalasple Lydui (xi); 980 a, same, with pectoral fins in place; 980 b, c, ecaJea;
981, Coccosteus deolpiens, side view; 981 a, dorsal plates; 982, Pteriohthys Muon (x ); 988, Ptenlohthys
oornutiia. Pigs. 980, 981, Agassli; 981 a, 988, Traquslr;982, Pander.
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through. Two species of Myriapotis have been described from the lower Old
Red sandstone of Fortarshire, Scotland, Kampecaris Forfarensis Page, and
Archildesm it I$'IacNicoli Peach.
The Fishes of the Old Red sandstone have come mostly from bituminous
flags in northern Scotland and North Wales, and include species of the
Placoderm genera Geplutlaspis (Fig. 980), Pier((SJ)iS, Cya(/ia.pis, Anchenaspis,
Ifolaspis; Asterolepis. Pterichthys (Figs. 982,
(Fig. 981') also the Dipnoan genera, Dipterus,
Gaiioids, Iloloptychiits, Glyptolepis, Demiroclus,
aspids are absent from the Upper Devonian of

983, Bothrioiepis, Coccosteus
Phaneropleuron; and the true
C'heiracanthus. The Cephal
Scotland.

984 a.
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985 a.'

GANOID. - Fig. 984, HoIoptyeiiiw (x ); 984 a. i calo. DhI'NOAN, -985, I)ipteriis rnneroleptclotus (x
a scale.

; 985 a,

The Devon beds have an estimated thickness of 10,000' to 12,000'. They afford a large
variety of Corals, Brachiopods, and other species, a number of them related to those of the
American Devonian.' The Lower, Middle, and Upper divisions are: (1) the LOWER or
LYNTON group of sandy slates and grits, affording Act inoerin US (eflfljStp(q(us, Favosites
crefcornis, On his arcuata, 0. /ranniosa, Spinifen eanaliferus, S. hystericus, S. hevicostatus,
Streptorhynchus umbraeulu?n, Chonetes Hardrensis ; (2) the Mn1)LE or ILFRACOMBE group
of slate and grits, with beds of limestone, containing several species of Crinoids; many
Corals, including Heliophyllu in haul, Uyath ophyll urn Cspitosum, species of Favosites,
Acervulania, etc.; Sromatopora of several species; Atrypa reticularis, A. levis, A. aspera,
Rh?/nchonelke eubuides. 3Ienista plehela, Orthis stniatula, Spinfer curvatus, .9. disjunctus,
Strinqoc ephalus Burt/ii, St neptorh ynch its crenistnia, Strophomena rho?nboidalis, Flat y
i'enas vetusturn, species of Euornph alas, Loxonerna, .2llurchisonia; Goniatites, Orthoceras,
Cirtoceras; Tentaculites sealaris; Ph.acops latfrons, P. granulata, and also species of
Brontens, Haipes and Ceraurus; (3) UPPER, including Pickwell Down and Pilton beds,
1 In the following lists of foreign species, the new generic names of Brachiopods, recently
introduced by Hall and Clarke in their revision of the subject, are not inserted, as they are not
yet in use in any foreign work on geology or paleontology.
DANA'S MANUAL-40
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containing many Crinoids and Brachiopods: Pentreniftes ovalis, Athyris concentrtca,
Spirifer decussatus, S. Urii, Orthis plicata, 0. paraliela, 0. interlineata, Productus
Go niatites,
prmlongus, Streptorhynclius crenistria; with several species of C!ym.enia,
Orthoceras; also Pliacops la(iñons, etc.
remains of COCCOSAmong the Devonian plants of Ireland, in beds that contain also
teus and Glyptolepis, there are Cyclopteris lliberniea Forbes, Sphenopteris Ilookeri Baily,
S. llnmphriesiana, calamites radiat us Br., Lepidoden(lrou Veltheiin.anum Sternb., Knorna acicuiaris Göpp., Gyclostigna mm turn Ilaughton, C. ltiltorkense 11auril toll, and
other species. The whole number known of species of Fishes from the Lower Devonian
of Great Britain, as stated by Etheridge in 1885, is 88, 4 species of Onchus being ex
eluded; in the Middle Devonian, 2 ; in the Upper, 28. The only genera common to the
Lower and Upper are Ptericht1us, Asterolepis, Holoptychius and Platyynatlius. Of the 577
species in the fauna, 50 pass up into the Carboniferous.
In the Ardennes, on the borders of France and Belgium, there is the west border of a
broad Devonian area which crosses the Rhine north of Mayence with bold features along the
river, and extends to Nassau and Westphalia.. The Lower, Middle, and Upper divisions are
named(1) the Rhénan, (2) the Eiieliau, and (3) the Famennin. In the region of the
Ardennes the Lower consists, according to (osse1et, of (1) the (-ecl(iinfan, about 2500' thick,
irifer Du monti ; (2) the Tau n usian, about 1800'
containing Homalonotus, Tentaculites,
with
Murchisoni,
L. laticosta ; (3) the (J'oblen2fan, about
thick,
Pleurodictyon, Lcpttvna
8000' thick, with Strophomena d('pressa, Gra?nmysia flaw iltonensis ( = bis ulcata) ; and at
top, Spinier cultriuyatus, Calceula .andalina (the latter, perhaps, Eifelian). The Middle
or Eij'ciian, over 3000' thick, includes the Calceola slates, and above these the Givet lime986.

086 a.

LJ~~
1

086-987.

087.

V
131'

:
'--1

F
CEPHALOPODS. -Fig. OSO, Clynieriia Sedgwicki ; tIS& a. dorsal view of septa ; tlS7, Goiiiatites retrorsus.
OS'), D't'ibigny
\ogt.

Fig.

stone (Givetian) or Stringocephalus beds; the former containing Phacops, Bronteus, Orthis
striatula, Product us subaculeatus, Pentamerus galcat us ; the hatter,
Stringoceph aI us
Burtini, Heliolitesporosus, etc. The Upper or Faeiennian, over 2500', consisting of the
.Frasnian shales and limestone below, and the Famenniau shales and Sandstones of
Condros above, with Atrypa reticulanis, Onth is stniat ula, bSj)iruer I cnnen ili
(S. disju net us),
Clynienia, Arehcoptenis Bihernica, Sphennptenis flaceidu. The Devonian outcrops hiso to
the northwest in the Boulonnais, in Brittany and the Vosges, and to the eastward, in the
Harz and Thuringia.
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In the Eifel, the three divisions, the .Thénan, Efeiian and Famennian are well
developed. The flhénai contains Daimanites, Phacops latifrons, Spirfcr cultrijugatus,
etc. The Ezfelian consists below of the Caiceola beds, with U. sandalina and Spirifer
cnitr(jugat us, and above, of the iS'trin yocepha (us beds.
The Famennian, or Upper Devonian, consists of (1, or below) the Cuboides shale with
dolomytic. beds, containing 1?hynchonelia cuboides, Sp(rifer ylaber, S. Verucuili, S. Urii,
.Atripa reticularis, Athyris conceutrica, Froduetus subaculeatus, Camarophoria formosa;
(2) (;ouiatite bed, with Gontattes ret.rorsus (Fig. 087), CL primordialis, Orthoceras subernosu in, Bactrt.es yraeilis, Pie urotomaria turbinea, Cardiola retrostriata, C!ypridina
serrato-striata ; (3) the Cypridina shale, with C. serrato-striata. (Fig. 989) and PosidonOm!/a venusta.
Similar subdivisions occur in Westphauia and Nassau, the Ficlitelgebirge, and other areas
of Germany. In the Thuringian Forest and the Fichtelgebirge, the Upper Devonian con
tains in the Clyinenia and Orthoceratite limestones, Clymenia lwviyata, C. undulata,
988-989.

989a.

0

980.
.

.... 1/4'

a
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4 c:
CRUSTACEANS. - Fig. t'sS, Arges armarus id the ElM ; [tSt), slate, from Wellburg, containing Cypridina serratostrhith, natural size ; 1)89 a, same enlarged. Vngt.
Uoniatites retrorsus, 6. intumeseens, Orthoceras interruptum, Gomphoceras, Cyrtoceras,
.Athyris concentrica, Rhynchne1la cuboides, Bronteus (,randis, and other species, besides
remains of Gala in ites, Lepidodendron, S'tigmaria, Aporo.qilon.
In Russia (the Continental Interior of Europe) the Devonian beds cover a large area.,
and are nearly horizontal. The western areas include only Middle and Upper Devonian.
Below are limestone and red mans; and above, limestone and shales with some sand
stones, having partly the character of the old Red sandstone of Scotland, and like that
containing, says Murchison, remains of Fishes as almost the only fossils. Pander has
described species of C'occostcu, Osteolepis. Dipterus, and Diplopterus from the Middle, and
Hoiopt!/chiuS nob iiissim us, Pterich.thys vujor, and Asterolepis from the Upper. The
Lower, Middle, and Upper Devonian occur in the Urals, through nearly the whole length
of the range.
In South America, Devonian beds occur over the Highlands of eastern Bolivia, - Lower
and Middle I)evonian (D'Orbigny, M. D. Forbes, Steinmann); in the region of Lake
Titicaca., Lower Devonian (Agassiz and Garinan) ; in Brazil, in the province of Para,
north and south of the Amazon, 200 to 400 miles from the coast, Lower, Middle, and
Upper Devonian (0. A. Derby, and others); in the Falkland Islands(Da.rwin). In the vicin
ity of the Amazon, on its north rise, Hamilton beds include species of the genera fitulina,
Tropidoleptus, .Retzia, and others, described by Bathbun, and one variety of Discina
Lodensis Hall. T.Jlrich reports, from eastern Bolivia, species of the genera Leptocvlia,
Vitulina, and Tropidoleptus, besides others, and states that the first of these three genera
occurs also in the Devonian of the Falkland Islands and of South Africa, and that the second
is also South African. (For remarks on the distribution of these and other genera, see
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Address of H. S. Williams, Am. Assoc., 1892.) The Ida shales of Bolivia are Corniferous,
and the Huarnampampa sandstone is Hamilton.
In southwestern China Richthofen obtained from the Devonian beds the wide-range
fossils Pentamerus ialeatus, Atrypa reticularis var. desquamata, 3lerista plebela, Spirifer
Verneuili (=disjunctus), Ort/iis striatula, Productus subaculeatus, S'trophalosia productoides, .R1q,wlionella cuboides, .R. ugnus, .Aulopora tubformis (China, iv., 75).
Australian Devonian beds of the Rydal District, and to the north and south of it, have
afforded the species Cyatlwphyllum Damiwniense, Favosites reticulatus, F. fibrosus,
HeUolites porosus, Glzonetes ilardrensis, Orthis striatula, Rhynciwnella plea rodon, R.
puqnus, B. cuboides, Atrypa reticularis, Spirfer Verneutli, and also the plant Lepidodendron (W. B. Clarke, On. Sedim. Form. N. S. W, 4th edit., 1882). The Devonian
occurs also in Queensland, and near Bathurst in Tasmania.
GEOLOGICAL AND GEOGRAPHICAL PROGRESS DURING THE DEVONIAN.
AMERICAN.
In the Devonian era, as in the Upper Silurian, the great rock formations
that are open to investigation were the work of the Interior Continental
waters.
Progress was still, in the main, endogenous, or within the Interior
Sea.

No Paleozoic rocks, later than the Lower Silurian, have yet been re
ported from the Atlantic border, along the coast region of New Jersey and
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

the states southward.

The confined condition of the Eastern Interior Sea, or Bay, had, with the
progress of the era, an increasingly profound influence on the nature of the
successive formations. The bay had its northwest passage over Michigan open,
but not the northeast passage to Canada.
The Devonian, as has been shown,
like
the Silurian, with beach and sea-border deposition, sparingly
began,
fossiliferous, marking off the coast-line on the north and northeast, and an.
off-shore bay-like formation-the Schoharie -bearing evidence of abundant

life. But these rocks had acquired little thickness before the commencement
of the Corniferous limestone formation, or rock coral-reef, when clearer

waters, with growing Corals, Crinoids, Trilobites, and other species of the
purer seas, were in great profusion, and spread from near the Hudson to
Missouri and Iowa. The waters reached north to Mackinac, the head of a
great Michigan bay of the era, but appear not to have covered northern
Illinois or Wisconsin. Moreover, the Canada and New
England seas also
had their coral reefs.

It is remarkable that this coral-reef rock is not
recognized over Pennsyl
vania and to the southwest. The Eastern Interior Sea had
open connection
with the Central Interior by the northwest.
As to the southern entrance,
nothing is known.
At the close of the
Early Devonian the evidences of clear seas - the
Corals and Crinoids, with most of the attendant life
-disappear, migrating no
one knows whither.
of
silt,
mud,
and sand prevail to the east
Depositions
ward with various alternations and but thin intercalatjons of
limestone; and
so it was also over the Central Interior,
except sparingly in the Hamilton
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period. With the variations in the fineness, or other characteristics of the
beds, as H. S. Williams has illustrated, the species vary. The fine shales of
the Marcellus and Genesee shales have few and small species, owing to
some unfavorable conditions; and, in part, the species are repeated in each
later return of the beds to fine shales. With the coarser sand-beds of the

Hamilton and Chemung, life abounds; but Brachiopods and Lamellibranchs
predominate, especially in the latter, where Trilobites fail completely. With
beds of intermediate character, as those of the Portage, life is much less
abundant than in the Chemung - except at one time of change to beds
allied to those of the Hamilton and Chemung (the Ithaca beds), when the
life takes a character resembling that of the latter period.
A thin lime
stone stratum in some eases indicates by the species an approximation again
to the clearer waters of the Corniferous.
There are thus alternations in
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The
living species correlatively with alternations in kinds of deposits.
were
in
the
direction
in
which
the
conditions
species evidently migrated
favorable to them.
The faunas of each stratum are not strictly faunas of
epochs or periods of time, but local topographical faunas. After the Cor
niferous period, Corals, Crinoids, and Trilobites still flourished somewhere,
as before; but they are absent from the Central Interior until the Carbo

niferous age opens.
The condition producing the Genesee shale in New York appears to have
spread westward over Ohio, and to have invaded the Central Interior through
Michigan, Indiana, the southern half of Illinois, and southward to Tennessee;
and to have continued to prevail over this great region through the remainder
of the Devonian era with but little change. The area was mud-making, with
more evidence of fresh-water or brackish-water life than of marine conditions,
and it probably had its extensive shallow lagoons and bayous in which lived
the great Ganoids and Eurypterids.
During the Later Devonian, in the
Eastern Interior Sea, the Catskill sandstone to the northeast - a shore and
off-shore formation of the Interior Continental Sea -reached a thickness of
3000 to 7545 feet (I. C. White), because it lay within the range of the Appa

lachian geosyncline.
If the condition of the Atlantic border, its sounds and bays, with their
varying depths and fortunes, and of off-shore deeper waters and depositions
and fresh-water inlets, be taken as a type of the conditions and depositions
that existed in several successions within the Eastern Interior Sea, no
difficulty will be found in finding a reason for all the variations in wave
action, in tidal and current action, in depth, in purity of waters-ranging
off to over-fresh or over-salt conditions, which may be needed to explain
the geological and biological facts of the Middle and Later Devonian.
The effects of tidal currents appear to be marked in the Chemung beds
of western New York and Pennsylvania, and eastern Ohio. The strata of

coarse conglomerates occurring among the sand-beds appear to be due to their
action. The tidal waters, which, in their rounds, converged from the south
and west toward the head of the Eastern Interior Bay, with increasing height
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as they advanced, may have made their ebb or their flow over this more
western part of the bay-like channel; and, by their rapid movement, have
of the gravel and the accumulations of large stones
produced the assorting
or pebbles; and they may also, by some variation in their route, as time
Such rapid
at different levels.
passed, have made pebble deposits locally
tidal flows, causing the stones in shallow waters to slip over one another
with each return of the current, would tend to make them flat, as in the
Panama conglomerate, and not round as in ordinary round-pebble con
waves along a beach and of
glomerates, the latter being work of plunging
strong currents.

BIOLOGICAL PROGRESS.
The progress of the systems of life through the Devonian era was con
tinued into and through the following era without any abrupt transition,
and the review of the subject is given for both eras after the account of the
Carbonic era.
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UPTURNING OR MOUNTAIN-MAKING AT THE CLOSE OF THE
DEVONIAN.
Through nearly all of North America, where Devonian and Carboniferous
rocks occur together, the two formations pass into one another continuously,
as if one in series. But in eastern Canada at Gaspé, in Maine, and in Nova
Scotia, and at Perry in southern New Brunswick, as reported by Dawson and
Logan, there was an upturning of the Devonian and inferior beds, so that
Dawson
the overlying Carboniferous rests upon them unconformably.
makes the unconformability general for the Acadiaii Provinces.
The upturning and. crystallization of the Devonian and Tipper Silurian
beds of the Connecticut valley, as well as of those of Lake Memphremagog
and the St. Lawrence valley, may have been a part of the events of this
epoch. But it is equally possible and probable that the upturning took

place at the close of Paleozoic time.
In Great Britain, Russia, and Bohemia, some evidences of upturning
between the Devonian and Carboniferous have been observed, and not in
But all these cases are small exceptions to
the general fact that the Lower Carboniferous and the underlying rocks
are conformable almost the whole world over. The epoch of transition was
central and southern France.

not an epoch of general disturbance. There were extensive oscillations of
level; but for the most part they involved no violent upturnings.
The
following era opens with a period of marine formations; and the beds accu
mulated, in most regions where they occur, are a direct continuation of the
deposits of the Devonian.
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CARBONIC ERA.
SYNONYMY. -Carboniferous and Permian periods, Lyell (Elements of Geol., 1839),
and other British geologists, German geologists, and D'Orbigny, 1851, in France. Carbo
niferous age (Permian included), Dana, Man. Geol., 1st edit., 1863, 2d edit., 1874, 3d edit.,
1880; Le Conte, Elements of Geol., 1877, and later; A. Winchefl, Geol. Studies, 1886.
Permo-Carboniferous, Dawson, Suppi. Acad. Geol., 1878. Carboniferous, Permo-Carbo
niferous, W. M. Fontaine and I. C. White, on Permian Plants of W. Va. and Penn., 1880.
Permo-Carbonithre, Lapparent, Tr. de Géol., 1883. Permo-Carbonic, Portuguese Commit
tee Internat. Con gr. Geol., 1886. Carbonic (Permic or Permian included), E. Renevier,
Tableau ties Terrains Sedimentaires, 1874, Int. Cunyr. Geol., 1886.
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This first great coal-making era in the world's history commenced, both
in Europe and America, with an extensive submergence of the land and a
consequent formation of marine terranes of great thickness over parts of
the continental areas. It passed its culmination during a long period of gen
tle oscillations in the surface, causing successive, more or less wide, emer
gencies and submergencies, the former favoring the growth of boundless
forests and jungles, the latter burying the vegetable debris and other terres
It declined
trial accumulations beneath marine or fresh-water deposits.
through a period in which the Carboniferous marshes gradually disappeared,
as the sea regained its place over the land; but again to retreat, as Paleozoic
time ended, and the making of the Appalachian Mountains - the next great
event in North American history -was commenced.
The occurrence in Europe of alternating conditions like those of eastern
North America is part of the evidence that the coal formations of the two
continents were essentially cotemporaneous in origin. Facts from the fossils
sustain this conclusion. They lead to the following subdivisions of the
era: SUBDIVISIONS OF THE CARBONIC ERA.
3. PERMIAN PERIOD. -Part of New Red Sandstone or Poikilitic group of
J. Phillips (the rest Trias).
Lower New Red Sandstone or Magnesian limestone group, Lyell, El. Geol.,
2c1 edit., 1841.
PERMIAN, Murchison, Leonh. u. Bronn'sJa1.rb., 1841, Phil. 11Mg., xix. 417;
Murchison, de Verneuil, and Keyserling, Geol. Rwss., 1845; Lyell, El.

Geol., 3d edit., 1851. Permisehes System, Geinitz, 1848, 1858.
Part of Mercian (the rest Triassic and Jurassic), T. MeK. Hughes, Proc.
Gambr. Phil. Soc., iii. 24.

Dyas, J. Marcou, Dyas et Trias, Genève, 1859, H. B. Geinitz, 1861, 1862
(Murchison's Permian having been made by him to include a small part
of the Trias in Germany, though not of that in England).
2. CARBONIFEROUS PERIOD. -The Coal-measures, with the underlying Mill
stone Grit.
Carboniferous period of Lyell, Murchison, and other English geologists
(the Mountain limestone commonly included).
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de Beaumont,
Carboniférien, Calcaire Carbonifère et Terrain Honiller, E.
D'Orbigny.
Carboniferous Period, Dana, Man. Geol., 1st. edit., 1863 and later.
Geol. Suru., Bull. 80, 1891.
Pennsylvanian, H. S. Williams, U. S.
1.

limestone, the
SUBCARBONIFEROUS PERIOD. -Mountain, or Carboniferous,
lower division of the Carboniferous systems Murchisoii, Lyell, etc.
Lower part of the Système Carboniférien, Calcaire
Lower Carboniferous.
Bergkal k, U nte rcarbon.
Carboni fère, D'Orbi guy, Lapparent.

Subcarboniferous, D. D. Owen, Rep. Geol. lVisconsui, Iowa, and Minnesota,
1852; Dana, Man. Geol., 1863 and in subsequent editions.
Subearbon, Steinmann and 1)öderlein. Elem. d. Pal., 1888.
Bull. SO, Correlation of
Mississippian. H. S. Williams, U. S. Geol. Surv..
the Devonian and Carboniferous, 1891.
Eocarboniferous, H. S. Williams, Journ. Geol., Chicago, 1894.
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The comprising of the Permian period and the Carboniferous in a
In North America the
common era is questioned by some geologists.
Permian beds are a direct continuation of the Carboniferous, and from the
general absence of vertebrate and invertebrate fossils they are scarcely
of the fossil plants.
separable in most regions except through a careful study
Such a study, made for Pennsylvania and Virginia in part by Lesc1uereux,
but with completeness by Fontaine and I. C. White, has afforded satisfactory
in eastern America,
proof, as they state, that the Permian is fully represented
and that the period is here only a continuation of, or a closing addition to,

the Carboniferous period. There is the same evidence from the plants and
also from the nearly universal conformity in the stratification of the two
formations as to the close relations of the two periods in Europe, and this
is sustained paleontologically, as these authors remark, "by the investiga
tions of Weiss, Grand' Eury. and others."
The other continents were not so well supplied with coal-making areas as
North America and Europe.
South America has the rocks over part of its

great interior, with little of the coal, and is in this respect like the western
half of North America.
Asia has much coal of the Carboniferous period in northern China.
But

in India, or southern Asia, the chief coal era began in the Permian and con
tinued. into the Triassic; and the same was true for southwestern Africa, and
the southern continent, Australia.
The fact that one of the world's hemi
spheres was not concurrent in its geological movements with the other,
It has afforded some strength
mentioned on page 406, is here exemplified.
to the argument that the Permian period should not be united to the
Carboniferous.
But the distinctions that exist can be recognized and ap
preciated for lands about the Indian Ocean, without interfering with the
chronological subdivisions which best accord with the facts in the others
where these subdivisions were first laid down.
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AMERICA.

Toi'oc RAPHY.
The topography of the continent at the commencement of this era is
approxiIiiatv represented on the accwnpaiiying map, Fig. 990. on which the
dotted linus over the surface, marking river COUrSeS, outlines of lakes, etc.,
are to he taken only as indicating positions. The chief change since the
commencement of time Upper Silurian (page 36) is in the eastern portion
or that. of the Eastern Interior or Great Northeast Bay, which, at the opening
of the coal era, was a complete hay in outline, reaching northeastward to the
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Mi of part of North America at the commencement of the Cnrhonlc era.
It was in fact a double-headed bay, a
boundary of northeast Pennsylvania.
branch passing northwestward from the Pennsylvania portion or bay (P), over
Michigan, and making thereby a Michigan Bay (if). The Cincinnati Island
(C) became part of the mainland, while time Tennessee was submerged. In
addition, time Connecticut. valley trough and time St. Lawrence valley trough
were probably above the reach of salt water, or, at least, were not subsiding
troughs, for no Carboniferous rocks occur within them; they were probably
the courses of fresh-water streams. But the G,spé-Woreester trough must
have been an open channel, southward to Worcester at least, and the Acadjan
trough, from western Newfoundland to Narragansett Bay, was a still larger
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channel, in coal-making times, as is proved by the coal-beds in Newfound
land, Nova Scotia, and New Brunswick on the north, and in Rhode Island
and a part of eastern Massachusetts on the south.
The Western Interior, Rocky Mountain, and Pacific Border regions of the
continent were largely covered by the Mediterranean Continental Sea, so that
the western part of the map for the Upper Silurian era, on page 536, answers
sufficiently well for this portion of the continent in the Carbonic era.
SUBDIVISIONS.

3. Permian Period.

PENNSYLVANIA.
Barren
Upper

The

Measures.

4. Upper
Measures.
2. Carboniferous
Period.

ures.
Measures.
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Productive

3. Lower Barren Meas
2. Lower

2. Mauch Chunk group

1. Subcarboniferous
Period.

Rogers.
1. Pocono
Lesley.
Rogers.

2. Coal-measures.

Productive

1. Pottsville Conglom
erate, or Millstone Grit.

of Lesley.

MISSISSIPPI BASIN.
Permian beds.

Umbral

of

group

of

Vespertine

of

1. Millstone Grit.
4. Chester, or Kaskas
(
I kia group.
I
3. St. Louis group.
Warsaw.
2. Osage ç
Keokuk.
group.
t Burlington.
1. Kinderhook group.

Subcarboniferous rocks of the Mississippi basin are mainly great
limestone formations. The term Subcarbo1lfero?ts was first applied to them
by D. D. Owen in his Quarto Report, of 1852, on the Geology of Wisconsin,
The

Iowa, and Minnesota.

In this report (page 00) he divides the Carboniferous
rocks of Iowa into "(1) the great calcareous formation at the base. (2) the

coal-bearing strata in the middle, and (3) heavy beds of sandstone at the top,"
and gives (on page 92) a section of the "Subearboniferous liniestones." On
the following page he presents a "table exhibiting the analogy between the
Carboniferous limestones of Yorkshire, England, and those of Iowa," thus
applying the term, in effect, to the corresponding rocks of Great Britain and
Europe. The preposition sub is here used in the same sense as in substructure;

and the great limestone formations of the Mississippi basin make a grand
substructure for the coal-measures or the beds of the Carboniferous period.
The term Mountain limestone, used for the British rocks, and for awhile
employed in the United States, is not applicable to liuiestones of the plains.
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GENERAL DISTRIBUTION OF THE ROCKS OF THE ERA.
The geological map on page 412, though small, is sufficiently detailed to
give a general idea of the distribution of the Caboniferous and Subear
boniferous areas of the eastern part of the continent.
The former are
distinguished by doubly cross-barred marking; the latter, which border
these, by singly cross-barred, with a cross in the small squares.
areas of the two combined formations are as follows: -

The several

I. The Acadian: covering part of western Newfoundland, of Nova Scotia,
and of New Brunswick.
II. The Rhode Island: covering part of Rhode Island, and extending
northward and eastward into Massachusetts.
III. The Worcester area: about Worcester, Massachusetts.
IV. The Michigan area: occupying the larger part of Michigan between
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the southern half of Lake Huron and Lake Michigan, having the coal
measures over its central portion.
V. The Pennsylvania-Arkansas area: stretching in a zigzag way over 25
degrees of longitude and 12 of latitude; first, from the southern border of
western New York, and a line just south of Lake Erie, to Alabama and

Mississippi; then, northward and westward to Illinois and Iowa; thence
southward and westward again to Arkansas and Texas.
At the western
limit commences the Western Interior Sea," where the Carboniferous strata
pass out of sight beneath those of the Cretaceous. The coal-measures of this
area are mostly in three parts, underlaid and connected by the Subear
boniferous. These parts are thus separate, either because never united, or
more probably because of the removal of the coal-measures that once covered.
time intermediate Subcarbonife rous beds.
VI. Over the Western Interior and along the summit region of the Rocky
Mountains, but without coal, and mostly as a limestone wherever there are
outcrops.
VII. Along parts of the Great Basin, being a constituent of many of the
mountain ridges; also in the Sierra Nevada, and in other portions of the
Western border region.
VIII. In the Arctic regions, along a wide belt between the parallels of
72° and 82-°, northeast in course, from Banks Land on the west to Grinnell
Land on the east, and reaching beyond the latter to 83°, nearly the most north
ern point of Arctic exploration. Also on Spitzbergen and Bear Island.
The Coal-measures, or the areas of the Carboniferous period, have a smaller
range, and the productive Coal-measures, a still smaller. Of the above eight
regions, only numbers I., TI., IV., and V., to the east of the meridian
of 1000 W., are coal-producing; but the Arctic beds of Grinnell Land afford
coal, which may be available whenever the seas shall become navigable.
The term Permo-Carboniferous is sometimes used for the beds of the Carboniferous and Permian periods of central and eastern North America,
because they make an essentially undivided series.
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1. SUBCARBON1FEROUS PERIOD.
ROCKS-KINDS AND DISTRIBUTION.
The Subcarboniferous period, like several other periods of the Paleozoic,
is noted for extensive limestone formations with thin shales and sandstone
over the Central Continental Interior, or the area of the Mississippi basin;
for sandstones and shales, with little limestone, along the Eastern Interior
region, especially its northern bay-like portion; and, like all the preceding
periods after the close of the Lower Silurian, for no deposits yet known over
the Atlantic continental border south of the latitude of New York.
The
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peculiarities of the Eastern Interior are attended by another distinctive
feature: The limestones of the Mississippi basin abound in fossils,
especially
Crinoids, Brachiopods, and Corals; and, owing to the Crinoids, they are often
called Grinoicial liiuestones; while the fragmental rocks to the eastward con

tain fewer fossils, and almost all of these are of different species from the
western, except where limestone occurs in the series.
Owing to the wide
differences in the rocks and fossils, there is much difficulty in bringing the
beds of the two distant regions into parallelism.
The rocks of the lower of the two groups in Pennsylvania, the Pocono,
are mainly beds of hard gray sandstone and conglomerate; and those of the
In south
upper, the Mauch Chunk, reddish shales and slialy sandstones.
western Pennsylvania a thin bed of siliceous limestone makes the top of the
Pocono, and a similar layer occurs also in the upper shales.
The enduring Pocono sandstone is 800 feet thick near Pottsville, Pa.
It
extends northeastward, capping at many points the high northern plateau of
the

state;

and it also

stretches southwestward, making the summit, in
Bedford County, of the Alleghanies, where it is 1400 feet thick - holding its
place against denuding agencies. It is supposed, by Lesley, to constitute
some hundreds of feet of the higher peaks of the Catskills.
The overlying
Mauch Chunk shale is a fragile rock and was easily swept off by denuding
waters from the Pocono floor. Its thickness is stated to be 3000 feet at
Pottsvifle. The two formations thin down to 600 feet, in southwestern, and
300 feet in northwestern. Pennsylvania.
The thickness of the limestone layers of the Eastern Interior increases
in West Virginia; and in the southwest counties of Virginia becomes rather
Farther south, in Tennessee and Alabama,
abruptly over 2000 feet thick.

siliceous beds and cherty limestones make the chief parts of the formation,
and they once covered the Silurian limestone basin of central Tennessee.
Some thin beds of coal occur in the upper formation, and one in southwest
Virginia, near New River, is worked.

In Ohio, about 600 feet of shale and sandstone are overlaid in some parts
by 15 to 20 feet of limestone, in Michigan, the beds are chiefly shales and
limestones, with less than 70 feet of limestone in the upper part.
The limestones of the Mississippi basin, with the included shales and sand-
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stone, -constituting the Mississippian group of Williarns,-have an aggre
gate thickness in southwestern Illinois of 1200 to 1500 feet. They thin out
northward in this state before reaching Rock Island County; and beyond, the
coal-measures rest on the Devonian. These liniestones extend in part into
Iowa, Indiana, Kntueky, Missouri, and southward into Texas. The Kinder
hook group ext(l1ds far into Iowa; but after its depositiou a long retreat of
the shore line took place before the Burlington beds, the first part of the Osage
group, were deposited; and this retreat was continued after the deposit of
the Burlington group. But before the St. Louis epoch began there was a sub
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sidence, allowing of an advance again northward, as the northward extension
of the beds shows. There is thus uneonformability by overlap of the St.
Louis limestone over the underlying beds, as stated by C. A. White (1S'0,
Rep. Iowa).

The subdivisions of the Mississippian group in Illinois and the adjoining parts of the
Central Interior area are arranged as follows by C. R. Keyes (G-. S. A., 1892):1. The Kinderhook Group.-This group was so named by Meek and Worthen (1861).
The " Lithographic limestone," "Vermicular sandstone and shales," and " Chouteau lime
stone" of Missouri, are three rather persistent divisions. The term Louisiana, from a place
in Pike County, Mo., is used by Keyes in place of Lithographic, and Hannibal shales for
Vermicular sandstone and shales. The ''Louisiana" limestone is 60' thick in Missouri.
The Hannibal shales are reported from Iowa, as well as Missouri, with a thickness of 70' to
150' or more. The Chouteau is a fine buff-colored limestone, 10' to 15' thick at Hannibal
and Louisiana, 100' or more at Sedalia, in Missouri, and perhaps 50' at Burlington, Iowa.
The Goniatite limestone of Rockford, Ind., was referred to the horizon of the Choutean
"
by Meek. The larger part of the '' Knobstone group of sandstones and shales (partly
calcareous), which makes the eastern border of the Carboniferous area of Indiana, is
referred to the Kinderhook.
2. The Osage Group. - The subdivisions of the Osage group - so named by Fl. S.
Williams - are: (I) Lower Burlington, (2) Upper Burlington, (3) Keokuk, with the
"
''
geode-bed and the Warsaw shales and limestone. The Lower Burlington is described
as having ('riiioids of delicate forms ; the Upper, of stouter forms; the Keokuk, of still
coarser and larger kinds, massive in construction. The geode-bed is a bed of blue shale,
30' to :5' thick, containing thin layers of limestone. The geodes are sometimes 9 in
diameter; they contain within: quartz crystals, agate, crystals of calcite, dolomite, and
often pyrite, sphalerite, millerite (in hair-like needles, or tufts of needles), besides other
minerals. An extermination of a large part of the Keokuk species occurred at the close of
the epoch.
3. The St. Louis Group. - The St. Louis limestones were so named by Shurnard from
the evenly bedded limestone of St. Louis, Mo. They are oölitic 3 miles above Alton.
The northern limit in north-central Iowa, near Fort Dodge, is the evidence of the north
ward return of the shore line for several hundred miles beyond the limit of the Keokuk,
and here the beds are fossiliferous marls. In St. Genevieve County, Mo., the thickness of
the beds is over 300', and it is still greater to the southeastward. The rock at Spergen
Hill, Ind., is of this division.
4. The Chester or Kaskaskia Group. -This group includes limestone, in three or
four beds, with intercalated shale and sandstone, and sandstone below; it is occasionally
600' thick. It comprises the "Pentreinital" limestone, and the " Upper Archimedes"
limestones, called also the II Kaskaskia" limestone. The stratum of sandstone at the
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bottom is the ferruginous sandstone of Shurnard. The sandstone is regarded by C. R.
Keyes as having been made while a final retreat of the shore line was in progress. He
names it the II Aux Vases" sandstone.
The section of the Subearboniferous at Burlington, Iowa, includes: (1) of the Kinder
hook, 50'+ of clay shale; (2) 20'-30', soft shaly sandstone; (3) gray impure limestone,
often oölitic below, 0'- 13'; (4) fine sandstone, 6'; (5) gray oölyte, 4'; (6) buff limestone, 5',
of the Lower Burlington; (7) brown and gray eucrinal limestone, 27'; (8) buff calcareous
and siliceous shales, with thin limestone layers and chert, 2081, of the Upper Burlington
(0) gray encrinal limestone, somewhat cherty, 3(Y; (10) impure limestone with chert
nodules and seams, 20' (Keyes). The Keokak exposures include about 100' of Keokuk
below and above Warsaw and St. Louis beds.
Keyes has further reported (Dec., 1892) the discovery, in northeastern Missouri, of a
bed of the Kinderhook limestone, containing its typical fossils, and these chiefly Mollusks,
intercalated in the overlying Burlington group, where typical in its fauna, and this chiefly
crinoidal, and without a change in lithological characters or the purity of the limestone
beds. It shows, as Keyes observes, that the Kinderhook and Burlington stages were not
wholly successive as regards time; that after the Burlington group had made progress, the
Kinderhook species still existed, for a while at least, outside of their former limits, but
ready to return when the conditions favored. In Missouri, the whole thickness of the Sub
carboniferous limestone is 1150,.
In Indiana, the "Knobstone," below the Keokuk, has a thickness in some places of
500', the Keokuk of 100', the St. Louis of 330', and the Chester of 75'; the latter consists
of sandstones alternating with limestones. In Lawrence County, an irregular bed, or
series of pockets, of porcelain clay, ranging to 0' in thickness, lies at the top of the Chester
limestone, over a bed "of iron ore. About a third is of pure white color. It has been
called indianaite ; with it occurs the mineral allophane.
In Michigan, the Subcarboniferous consists of four groups of strata, according to
A. Winchehl: (1) or lowest, 173' of grit and sandstone, called the JIars/iall Group; (2)
123' of shale and sandstone, the Napoleon (Moup ; (3) 184' of shale and marlyte, with
some limestone and gypsum, the Michigan Salt-group ; (4) the Carboniferous limestone,
66' thick. This limestone is well exposed at Grand Rapids. The Marshall group is made.
the equivalent., in part, of the Kinderhook ; and the limestone, at the top, the equivalent
of the Chester and St. Louis groups.
In Ohio, the Subcarbouiferous beds comprise the Waverly group.
In northwestern Pennsylvania, the Subcarboniferous is in the main equivalent to the
Waverly. I. C. White has recognized three divisions: (1) the Oil-creek group, the equiva
lent, it is believed, of the Pocono; (2) Meadville group; and (3) Shenango group. In
Warren County, the Panama conglomerate is more than 200' below the top of the ('he
mlmg, and may be recognized by abundant remains of Pti,chopteria. The Waverly con
sists of shaly sandstones in its lower third, followed by a conglomerate (
Sub-Olean?)
above which are thin-bedded buff sandstones.
In West Virginia, the Lower Subearboniferous occurs along the middle portion of the
main A ileghany Mountains, from the Potomac southward. In Greenhrier County, near
the White Sulphur Springs, it includes a stratum of limestone 822' thick, with 1260' of
shales and sandstone. The limestone to the north, in Monongalia County, was found by
Meek, through its fossils, to be the probable equivalent of the Chester group.
In middle Tennessee, according to Safford, the Siliceous group consists, commencing
below, of (1) the Protean beds, chert' and argillaceous, with some limestone, 250' to 300',
and (2) the Lithostrotion or Coral beds, an impure cherty limestone, the equivalent of the
St. Louis limestone, about 250' thick. The Upper member is limestone, 400' thick on
the northern borders of the state, and 720' on the southern. These two divisions occur
also in eastern Kentucky. The Upper member also extends into the northeast corner of
Mississippi, where it is overlaid by CretaeeoiH beds (II ilaid . At llniitsville, Ala.,
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Worthen found it to consist principally of gray limestone, partly oölitic, partly cherty, with
some shaly beds, in all about 000'. The larger portion of the series yields Chester fossils;
but characteristic forms of the St. Louis group mark the age of the lowest
to 300'.
In Nova Scotia and New Brunswick, the Subcarboniferous rocks are: (I) the Horton
series, consisting of red sandstones, conglomerates, red and green marlytes; and, above
these, (2) the U7ndsor series, consisting of thick beds of limestone, full of fossils, with
some red marlytes, and beds of gypsum, affording the gypsum exported from Nova Scotia
and New Brunswick. Thus the upper part is calcareous, as in Ohio, Tennessee, and West
Virginia. The estimated thickness is 0000'. To the north, toward the Archtean, the
limestones fail ; and, instead, the rocks are to a greater extent a coarse conglomerate. To
the south, limestunes prevail. The best exposures of the lower or Horton series are at
Horton Bluff, Hillsborough, and other places in southern New Brunswick.
In the lower part of these Subcarboniferous beds, as in those of Virginia, there are, on
a small scale, 'false '' Cuai.measures, and, in one instance, a bed of erect trees, underclays, and thin coal seams ; and the same beds contain numerous remains of fishes. The
fish-bearing shales of Albert Mine, New Brunswick, are of this period (I)awson).
Rocky-Mountain and Pacific-border regions. -Over large portions of these regions,
the limestones of the Subcarboniferous have not been distinguished from those of the
following period. In most cases their recognition only waits for the more careful study of
the fossils; but, at many points, these appear to be wanting. They have been identified
in the Elk Mountains, and other ranges of the crest chain of the mountains in western
Colorado ; on the eastern slopes of the Wind River Mountains, in Wyoming. In Montana,
at " Old Bald,'' near Virginia City, Uierc are fossils of the Chester group, and probably
the Lower Subcarboniferous beds are also present (Meek). In Idaho, near Fort Hall,
Bradley found masses of limestone filled with minute shells, many species of which Meek
has identified with forms characteristic of the oölitic beds of the St. Louis group, at Spergen
Hill, Ind.
LIFE.
PLANTS. -The vegetation of the period included species of Lycopods
of the genera Lepidodeiidion,
iqllarw, .hior,ut ; Ferns of the Devonian
era,
1 rc/ (CO])tei? s, 2' i,
genera,
U.
ei# opteiis, 0dbn topteri,, with spe

cies also of the new genera Aletlwp
Lesleya; Equisetaof the genera
C la)ni!e, Splunoph!/liu m, and £Ite
'rop/iiillttes; and Cycads, under Gym
nosperms, of the genus Corduites;
and among the fossil fruits, those
f Gordaites, and probably some of
Conif'ers of the Yew family.
1. Spongiozoans.
ANIMALS.

Several sponges have been described
of the genera Pakeacis (which has
deep cup-like cavities), P1ysospon

POLYP-CORAL. - Fig. (Wi, portion of the Coral, Litho
strotlon Canadense; 091 a, vertical view of the same.
Meek and Worthen.

Hexactinellid sponges are
yla, etc.
in
the beds at Crawfordscommon
yule, hid.
The chert, which occurs in many beds, abounds in sponge spi
cu1es.
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2. Actinozoans, Echinoderms. - The animal life was remarkable for the
abundance of a species of Lithost,otion, represented in Fig. 991, and for a
This Lithostrotion is often coin in
great profusion and diversity of Crinoids.
nar in the external form of parts of masses (as shown in Fig. 991 a), although

essentially a massive coral. Among other Corals the old genera Zciphren f/s
and Gyatlwphylluin have their species, but not Favosites, 3Iiclu'linia, (]jsti
phylium, Diphyphylluii'. &ircinuia, and others that were eommon in the De
Species of Lithostrotion have been
between Point Barrow and Kotzebue Sound.
vonian.

found

in

the

Arctic lands
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902-1003.

EOUINODERMS. - Fig. 992, Scaphiocrlnus Missoiirleiisls ; 908, Aetinoerlntis piohost'illalis ; 994, Don ertntis
unleorals ; 995, Woodocrluus eleans ; 996, Batoerliius Chrlstvi ; OOT, Plat ciiiius Saftoi'di 995, tlie proboscis
of Batocrinus longirostris ; 099, Pentreinltos pyrl(riiils ; 10th), 10(10 (1, 1'. GoiioiiI 11)1)1) a, top view ; 1001,
portion of the shell of Arehiencitlaris Wurtheril ; 1002, spine or A. SIitiiirnr&jjanti x 2); 10k-) a, base of spine
1008, id. of A. Norwoodi. Figs. 902-995, 997-1003, hull ; 01(0, Swallow.
The number of species of Crinoiuls described from the American Sub
carboniferous limestone exceeds 650. Some of the forms are
represented in
992
to
1000,
but
Figs.
mostly wanting the arms and stem, as is common with
these fragile species. Fig. 995 represents the
perfect body of Wodocrtnvs
with
the
arms closed together, and, below, a few segments of the
elegans,
which,
entire,
pedicel,
may have been a foot long; 992 is a &aphioerinus,
with the arms broken. Iii Poteriocrinus Goxanus Wortlien, the arms are six
inches long, and the breadth of the expanded Crinoid must have been
nearly
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a foot. Figs. 993, 994, 996, 997 are the bodies of different species of Crinoids
without the radiating arms. The Crinoids often have a long or short pro
boscis-like projection, at the center above, which is made of stout calcareous
pieces like the body, but is tubular; it is seen broken off in Figs. 993 and

996; and Fig. 998 represents one separate from the body of a Batocrinus
(near that of Fig. 996), showing the calcareous pieces constituting it. Fine
figures of the Subearboniferous Crinoids, illustrating the wonderful diversity
of forms among them, are contained in the Illinois, Iowa, and Ohio geologi
cal reports. In some species the length and form of the proboscis (which
contains the anal or excretory tube, not that to the mouth) are very re
markable.
Two species of Pentremites, armless bud-shaped, five-sided species, of the
tribe of Blastoids, eminently characteristic of the Subcarboniferous, are represented in. Figs. 999, 1000.
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1004.

1005.

Ecnwows. -Fig. 1004, Oligoporus nobifis (x ); 1005, Melonitos multiporus, view of top (x 2). Meek and
Worthen.
Echinoids were of large size, and were unlike modern species in the
excessive number of vertical series of plates between the ambulacral areas.
One species (Fig. 1004) has 5 series of these plates, instead of the normal or
modern number, two. In Arclzccocidaris (a portion of a shell of one species
of which is shown in Fig. 1001), the spines with which the shell was bristled
were (as in modern species of Cidars) of large size and few (like Fig. 1002
in form), as the large prominences over the shell (Fig. 1002 a) indicate; but
in Fig. 1004 they were very small. Fig. 1005 is a top view, enlarged, of
Melonites ?nuhtipors. One very large slab in the Yale Museum, from St.
Louis, Mo., contains 11 Melonites to a square foot.
to the resemblance in form to a melon.

The generic name alludes

3. Molluscoids. -Of Moliuscoids, the screw-shaped Bryozoans, species of
The screw has lost the larger
Arch iniede., Fig. 100(3, are characteristic.
DANA'S MANUAL -41

HISTORICAL GEOLOGY.

642

that carries on its under surface, the cells
part of the blade, the part
illustrated in Figs. 1007 a and 1007 b.
occupied by the animals, as
Brachiopods were numerous especially of the
1007.
.
genera Products (Fig. 1013), C/tone/es (Figs. 1012,
1015), Spirifir (1010, 1014), Atliipis, Dielasma
There were also species of the
and R1unchoiella.
10"Il
Lower Silurian genus Orth is (Fig. 1008), but none
I*0_0_ -0

Ii

of Stiop/ieorlouila, 3[erista, .3leristella, so well rep
resented in the Devoman.

I
b

I
é
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Bnyozo.s. -Figs. 1006, lOOT a, b,
ArchlmedesWorthent(lOOTaaud
1007 b X ). Hall.

Lamelli
Mollusks. - Among
Mollusks,
branehs were common.
Under Gastropods, the
winch first appears in the Camgenus Belle)
4.

brian ; the Lower Silurian genera, Euomplwlus,
.Merchisonia, Pleurotomaria, and the Upper SiIacrocheiius,
lurian Platyceras, Loxoiema, and
which had many Devonian species, were still well
Ihe shells of I'latyceras are often
represented. The

attached to a Crinoid, like those of a modern Crepidula to an oyster.
Cephalopods were of many kinds under the old genus Orthoceras; and
Nautilus (Endulobus of
Diseites, Goniatites, Gyroceras, had their species.
Hyatt) .spectabilis \L and W.,, from the Chester limestone, was two feet in
1008-1015.

1012

L.\\'

1014

1012 a.

\\
-

.
-

r---1--r'
------:
.-._/ / I.
/
r---1.V'- ---_--ci_' /

10th

1015 fl
a

BRACIIIOPODS. -1110S, Ortlils Mkheiiiii iir. I Ir1iIgtiIlerIb4 ; 1009, iiiifeiinn spinosa ; 1010, Spirifer Inerebes
cons ; 11)11, Eurnetria Vernciilliaiia ; 1012, (liurietes I iliri Isensis 1018, Prodictus punetatus 1014, S1iiifer
bipilcatus ; 1015, 1015a, Chonetes ornatus. Figs. 1008-101 t, hall ; 1012, Ko,iinek ; 1018, Meek; 1014, 1015,
Swallow.
diameter; Orthoceras nobile M. and W., of Illinois, was five to six feet long,
and a foot in diameter; and Gyroceras Burliiigtonen.se Owen, five inches in
diameter.
The species represented in Figs. 1016, 1017 are from the Goniatite
bed of Rockford, Ind.
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5. Crustaceans. - Trilobites were of twenty or more species, all small prim
looking louns, of the Devonian genera Proetus, P/uethonides, and the related,
but low-featured, Carboniferous genera Grfflthides and Pliillipsia. Half of
the twenty species are of the genus Phillipsia.
The other Crustaceans known from the beds are Phyilopods and Ostracoids;
and the shells of a Beyrichia make the chief part of the material of a layer
four feet thick, north of Pella, Iowa.
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1016.

1016 a.

1017.

CE1'UALOI'OD. -Fig. 1016, Gonlatltes Owenl; 1016 a, id., outline, showing direction of septa; 1017, G. (Pro
lecanitos) Lyonl ; 1017 a, id., direction of septa. Hall.
6. Insects. - Remains of insects, and. other terrestrial species, are neces
sarily rare in marine deposits, and no species have yet been reported.
7. Vertebrates. - T"'rteb rates were represented by Ganoids and Selachians,

as in the Devonian, but with apparently no Placodernis. There were also
the first yet known of Amphibians.
The remains of Selachians are teeth and fin-spines. The teeth are either
of the pa\ellleIit kind, allied to those of the living Cestracion (or Port Jack
son Shark), and to Myliohatis (or Eagle Ray), or of pointed and. triangular
form, more or less resembling some of the modern type referred to the

Hy bodon t and Petalodont families.
Of the pavement-mouthed forms, the C'oclilioilonts, which have a large
massive plate on either ramus of the jaw, were numerous in the Subcarbo
niferous. One of these plates is represented, natural size, in Fig. 1018, from
Worthen's Illinois Report; and the form for the whole jaw in a foreign
species is shown one third the natural size in Fig. 1019. Over 50 species are
described, from the Illinois limestone. The Psammodonts, having the inner
surface of the jaw covered by flat rectangular plates, nearly as in Myliobatis,
have over a dozen Subearboniferous species of the genera Psainntodus and
A l'etalodont tooth, Petalodus CII rtus, has been reported from the
Gopodus.
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The Cestracionts (see page 416), with a rough, uneven
Some of the
pavement, were represented by species of Helodus and Orodus.
sharp-pointed teeth of Hybodonts are shown in Figs. 1020-1022 (Newberry
Keokuk limestone.

and Worthen).
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1018.

1019.

T=in o CEST&4oIoNT SHARKS. -Fig. 1018, Cochilodus nobllis; 1019, 0. contortus (x ).
1019, Agassiz.

Fig. 1018, Meek;

One, of Gtenacanthus,
Fin-spines of Sharks are various in size and form.
has a length of a foot; and others, now broken, were probably 6 inches longer;
they indicate fins of large size, and therefore the existence of great Sharks.
1020.

1020-1022.
1022.

1021.
a0

TERm OF SHARES. - Fig. 1020, Caroharopsis Worthenl; 1021, Cladodus spinosus; 1022, Orodus mamnililaris.
Newberry.
Amphibians are known from their footprints on a layer of the Mauch
Chunk shale near Pottsvifle, in
Pennsylvania, as described by Isaac Lea.
A reduced view of the slab is shown in
There is a succession of
Fig. 1023.
six steps, along a surface little over five feet
long; each step is a double one,
as the hind-feet trod nearly in the
The prints
impressions of the fore-feet.
were hand-like; that of the fore-foot
five-fingered and four inches broad; that
of the hind-foot somewhat smaller, and
That the Amphibian
four-fingered.
was therefore large, is also evident from the
length of the stride, which was
thirteen inches, and the breadth hetween the outer
edges of the footprint';,
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eight inches. There is also a distinct impression of a tail, an inch or more
wide. The slab is crossed by a few distinct ripple-marks (eight or nine
inches apart), which are partially obliterated by the tread. The whole sur
face, including the footprints, is covered throughout with ram-drop
impressions.

1023.

- - --------- --

F1
-7

---

-

-_L4
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Tracks of Sauropus pr1mvu8 (x ).

I. Lea.

We thus learn that in the region about Pottsville a mud-flat was left by
the retreating waters, perhaps those of an ebbing tide, covered with ripple
marks; that the ripples were still fresh when a large Amphibian crossed
the flat; that a brief shower of rain followed, dotting with its drops the
half-dried mud; that the waters again flowed over the flat, making new de
posits of detritus, and so buried the records. The records were opened and
deciphered in 1849 by Dr. Lea.

Characteristic Species.
PLANTS. -In the Subcarboniferous of Pennsylvania occur, according to Lesquereux,
Archopteris obtusa Lx., and A. minor Lx. (both found in the Chemung of the Devonian),
A. Bockschiana Göpp.; remains of Lepidodendron, as L. corrugatum Dn., and &igmaria
minuta Lx.; in Illinois, in the Chester group, the Ferns Mejaphyton protuberans Lx.,
C'aulopteris Wortheni Lx., .Aiethopteris Helena Lx., iVeuropteris capitata Lx., Fseudope
copteris anceps Lx., Rhacophyilum abellatnni St., Sphenoptcris cristata St., Megalopteris
fascicuiata Lx. ; also Lepidodendron costatuni Lx., L. turbinatnm Lx., L. obscurum Lx.,
L. Veltheimanuni St., L. Wortlu'ni Lx., Stigmaria (nlahathra Corcia, S. minor Göpp., S.
umbonata Lx., Knorria imbricata St., Calamites Suckovi Bngt., Asterophyllites equiseti
form is Schi., and others.
In the Chester group of Indiana, according to Collett, occur Stiqmaria, Lepidodendron
aculeatum St., L. diplosteyioides Lx., L. forukiturn Lx., Lepidostrobus, .Enorria, .iYeurop
tens bi/brmis, Atethoptenis, etc. One specimen of Lepidodeudron had portions of the
leaves attached to the stein, which were 12 to 14 inches long, though only from one eighth
to one fourth of an inch in width.
In the Subcarboniferous of Nova Scotia and New Brunswick, Dawson has made out
the following species: FERNS- Cycloptenis Acadica Dn., Card iopteris, HymenophyUites;
LYcoroDs - Plilophyton plumnia Dn., the last of the genus, Lepidodendron corruqatum
Dn. (near L. Veitheimanurn of Europe), L. tetragonnm St., L. obovaturn St., L. dichoto-
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aculeatun& St., also Stigmarfa "iieoiilt Bingi., Cordaites borasji,jjies St.,
mum
Dadozylon antiquu;fl flu.
The metamorphic Carboniferous region of Worcester, Mass., where the slates are mica
schist, have afforded 1. 1-1. Perry specimens of Lepidodendron (Sajcnaria) acnmf,tafunj
It is doubtful whether
Göpp., as identified by Lesquereux (Am. Jour. Sr., Xix., 1885).
the plant is Subearboniferous or Carboniferous.
See, further, Pa. Geul. Rep., No. P.; ill. Geol. Rep., vols. ii. and iv. ; hid. Geol. Rep.
for 1883; Dawson's H/st. Plants, 1888, etc.
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ANIMALS. - 1. Rhizopods. - Endothyra Baileyi H. occurs in the St. Louis limestone
of Indiana.
2. Spongiozoans. - The hornstoues of the litnestones in Illinois and Indiana abound in
microscopic spicules of sponges, with a few Desniid-like forms similar iii general to those
of the Corniferous limestone (page 683) (M. C. White). Palaacis (Sphenopterium) ohu
sus M. & W., Keokuk limestone, P. cuneIormis N. Edw., St. Louis limestone. In the
Keokuk occur many Hexactinellid sponges of the genera Hydnoceras, I'hysosponqia,
Fhragmodictya.
3. Actinozoans. - Fig. 991, Lithostrotion ('anadense Castelnau, St. Louis I.; L. pro.
lferum 11., St. Louis group; Zaphrentis spinulosa E. & 1-I. ; Z. minas Mi., West. River,
Pictou; Gyatliophylluin Bilhingsi 1)i., Nova Scotia.

4. Echinoderms. - (a) Blastoids: Fig. 999, Pentremites pyrirmis Say, Kaskaskia I.
1000, P. Godoni Deft., ibid., and 50 other species of this and the related genera (;,a,mtv
crinus and Troostocrinus.
(b) Crinoids. -Fig. 992, &aphiocrinus Missouriensis Shum., St. Louis I. ; 003, Actinocrinus pro hoscidialis H., Burlington I. ; 994. Doryrrinus unicorn/s Owen & Slum., ibid.
995, TVoodocrinus elegans H., ibid. ; 90(3, Batoeriuns C/iristyi Slum., anus broken off,
ibid. ; 998, proboscis of Batocrinus longirostris H.. ibid. 907, Platycrinus Saftordi Troost,
side-view, Keokuk 1. The most prolific locality of ('rimmoids, as yet known, is Burlington,
Iowa, where over 350 species, representing over 50 genera, were collected by Mr. C. \Vaehs
muth, besides 6 Edhinoids, 4 Asterioids, and 1 Ophiuroid. Many of them are tIesemjlj
by Hall in his Iowa report of 1858. The Keokuk beds of Crawfordsville, lint., have viehled
50 species. The genera most numerously represented are lctinorrinns, (Y'iathocrinns,
Dir/i ocri nus, Batorrin us, Plalyrrin us, Poter(oerin us, &aji/i berm us, a ml Zeaerin us.
(r.) Echinoids. - Fig. 1001, Arr!ueocidaris Worlhi'i.i II., St. Louis 1. ; 1002, A. S/iumar
dana H., St. Louis I. ; 1003, plate of A. Vor,e)wli It., Chester 1. ; 1005, Mslonites niul
tiporus 0. & N., St. Louis I. ; 1004, Oligoporus nob//is M. & \V., Burlington I. Figs. 1004,
1005 are from Worthen's Report on the Geology and Paleontology of Illinois.
(d) Aseerioids and Ophiuroids. - \Vorthen and S. A. Miller have described (in Ill.
Rep., vii., 1883), from Illinois, (Jompsaster forniosux. Chester limestone ; Cholaster j).'t'u
i/aria, ibid., and the Ophiuroid Treniataster disparilis, ibid.
5. Molluscoids. -(a) Bryozoans. - Fig. 1000, Archimedes Wurtheni II.,
being a portion
of the spiral axis, with the reticulated expansion of the spiral worn off.
Fig. 1(107 a, por
tion of the reticulated expansion, magnified and showing the
surface.
upper
Fig. 1007 Ii.
the under or cell-bearing side of the same.
(b) Brachiopods. - Kinderhook : Spirirer Cooperensis Swallow ; S. Marioni'nsis,
Ghonetes ornatus Slum. (Fig. 1015), 1015 a, surface enlarged,
Lithographic and Choutcali
limestone, Mo. ; 1014, Spifer biplicatus IL
Burlington 1.: 1(108, Orthis 3lichelini
L'Eveille (var. Burl/n glonensis II.), iS'piriF'; .1f'eki, S.
Loyani, Pro(iuetus Fli'niin'/i Sow.
Keokuk I.: Actinoconchus plauosulriu,,s l'hill., Ill.. CFwi,ets
plan,1,nhoHU. M. & W., Iowa,
Camarophoria subtrigona M. & W., Ill., etc., Spirifer Keokuk II. St. Louis 1.: Productus
$CICU1U8 M. & W., 1011, Eumetria Vernenilana 11.. Warsaw.
Spirifsrina sjiinosa N. & P..
'Warsaw, Lower Archimedes, Mo. Chester 1.: 1010,
Sp/riir inc;ehesc'ens11., Ka.skaskia
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limestone, Spirif'r giaher var. contraclus M. & W., 1000, S'piriferina spinosa; 1012, Ghonete8
ilUnoisensis W., Produegus parvus M. & \V.
(c) Lonn'llibi'anch.q. -ICinderhook 1.: Cardiopsis radiata M. & W. Burlington 1.:
Avicnlopecten Bit rlinh/tonensis M. & W., Iowa. Keokuk I.: Aviculopecten Oweni, A. oblon
gus, A. aniplus, of M. & W., Ill. St. Louis 1. ilIyalina concentrica M. &. W., Nucula
.humardana H., Warsaw, Idaho, N. nasula H., ibid., Conocardinni Meekanum H., ibid.
Chester I.: Pinna Missouriensis Swallow, Ill., Myalina angulata M. & W., Ill., &hizodu8
Chesterensis M. & W., 111.
(d) Gastropods. - Kinderhook 1. : Seraparoflus lens H., Goniatite bed, Ind., Beilerophon cirtolites H., ibid. Burlington L Platyceras reversum H., Iowa. Keokuk 1.
Pleurotomaria Shumardi M. & W., Ill., Piatyceras equilaterale IL, Iowa. St. Louis 1.
Dentalinnz venustuni M. & W., 111., Seraparollns similis Pd. & W., Spergen Hill, End.,
S Sperqenis H., ibid.
6. Vertebrates. - Pishes. - The species of American Subcarboniferous Fishes have
been described mainly by Newberry, Newberry and Worthen, and St. John and Worthen
in the Ohio and Illinois Geol. Reports. The species described by Newberry and Worthen,
from Illinois specimens, include 16 of Hybodonts, 26 of Petalodonts, 52 of Cestracionts,
with 0 of fin-spines and Psammodonts. St. John and Worthen have added over 50 species
of Cochuiodonts, a dozen of Psammodonts, and over 20 kinds of fin-spines (Ill. Geol. Rep.,
vol. vii., 1883). Fig. 1018, tooth of Cochliodus nobilis N. & W., HI. ; 1021, Cladodus
SpInOSUS N. & W., St. Louis 1., Mo. ; a, section of the same; 1020, Carcharopsis Horthni
Newb., Huntsville, Ala.; 1022, Orodus mammillans N. & W., Warsaw, Ill. The Sabcarbo
niferous at Ogden has afforded a tooth of a species of Dendrodus.
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2. CARBONIFEROUS PE RIoD.
Since the Carboniferous period, or that of the Coal-measures, was a period
largely of marshes, as it opened the land gradually became emerged; and the
first rocks that were laid clown bear evidence, in many regions, of the change
of condition by their beach-like character. Other evidence of the transition
epoch exists in erosions over the Subcarboniferous rocks, making a surface
of hills and depressions for the reception of the later depositions. Part of
this irregularity may be the work of denudation before the Subcarboniferous
period had closed; but other parts are referred to the time of emergence.
ROCKS - SUBDIVISIONS, KINDS, AND DISTRIBUTION.
The most prominent subdivisions of the Carboniferous formations are
those of (1) the Millstone grit, or the Great conglomerate, named, in Penn
sylvania, the POTTSVILLE CONGLOMERATE; and (2) the COAL-MEASURES.
THE POTTSVILLE CONGLOMERATE.
The conglomerate beneath the coal-measures is generally a hard gritty
siliceous rock, made of quartzose gravel or sand. - a rock that was literally
a millstone grit early in the century. It has a thickness of 800 to 1700 feet
in the center of the Anthracite region of Pennsylvania, but thins northward
in this state to less than 300 feet in the Wilkesbarre region, and westward to
200-300 feet. Its lower part spreads northward into western New York and
constitutes there the "Olean conglomerate" of Alleghany and Cattaraugus
counties, the rock .of "Rock City," 25 to 60 feet thick.

It extends westward
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through Ohio, Kentucky, Indiana, and beyond; but is mostly a sandstone,
But even there, beach-like features
where present, in the Mississippi basin.
are often observed. Like the coal-beds of the Coal-measures the formation
was only approximately at a common level.
In part of western Pennsylvania the Pottsville conglomerate contains
one or more coal-beds. Just above the Sharon conglomerate, the base of the
Pottsville series in Mercer County, Pa., one coal-bed is two to four feet thick,
The same bed is mined also in Ohio.
and has long been worked.
A bed of

similar character occurs in the conglomerate of Kentucky, Tennessee, and
Alabama, and that of Alabama affords excellent coal. These coal-beds, with

their alternating beds of shale, prove that slow and varying changes of level
were in progress, but that for prolonged intervals portions of the surface lay

quiet until deep accumulations of vegetable debris had been made in the
marshes. The fact of a general parallelism in the movements over
Europe
and America favors the view that the changes in level and in deposits were
a consequence, in a general way, of oscillations in the sea level, that is, in the
crust of the sea bottom; but at the same time there were other variations
in level which were dependent on local conditions and movements over the

continents.
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THE COAL-MEASURES.
The Coal-measures in Pennsylvania are divided into (1) the LOWER PRODUCTIVE MEASURES, (2) the LOWER BARREN MEASURES,
(3) the UPPER
PRODUCTIVE MEASURES.
Above the last there are the Upper Barren
Measures, corresponding to the Permian.
Over the great Appalachian-Arkansas area, the three great Carboniferous
or Coal-measure regions are, as shown on the
map, page 412, (1) the

Appalachian, extending from northern Pennsylvania to Alabama, and having
the Anthracite region as a detached
portion in eastern Pennsylvania; (2) the
Illinois-Indiana, east of the Mississippi, extending south into
Kentucky;
and (3) the Iowa-Texas, west of the
Mississippi.
The Appalachian area spreads west into ohio, eastern
Kentucky, eastern
Tennessee, and northern Alabama.
In Tennessee, the Ouniberland Table
land has the Coal-measures for the
top, and a substructure of Subcarbouifer
ous rocks, 1000 feet or more thick, for the rest of its
In Alabama., the
height.
western portion, constituting the large \V.trrior coal-fields, is a continuation of
the Cumberland Measures, with an extension far westward
nearly to tiltline - Mississippi
having only a small patch of hubearboiiiferou.s beds.
It is probable that the Coal-measures of Tennessee, and those of Alabama,
originally spread across what is 110W the Mississippi valley and joined the
area of southern Missouri.

The Carboniferous areas are
generally much broken, especially so ill
Pennsylvania and along the Appalachians to the southwest, of this state.
The following map,
by Lesley, illustrates in a general way the condition in
Pennsylvania. The Anthracite coal is in narrow isolated,
strips to the cast-
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ward, among upturned rocks; and the Pittsburg coal at the west end of the
state, although among nearly horizontal rocks, also has its outlying patches.
Geological investigation has proved that the two distant areas were once
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1024.

Map of part of Pennsylvania, showing the coal areas of the state, in black; the Anthracite beds east of the
Susquehanna, and the Bituminous beds to the westward.
united and that the coal once covered 10 times its present area. "Broad
Top" in southwestern Pennsylvania is shown by Lesley to be a fragment of
the Pittsburg coal-bed, about 80 square miles in area, left in the general
denudation of the Appalachian region.

1025.

w

Section of the Panther Creek Anthracite basin at Icosquehoning tunnel.
of portions of the Anthracite region,
Figs. 1025 to 1027 represent sections
led, through denudation, to the
showing the character of the flexures that
breaking of the coal-beds into nearly parallel belts. Fig. 1025 is a vertical
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from the heart of the Anthracite region, between Nesquehoning
It is from the
Valley on the west (left in section), and Mauch Chunk.
of
the
of
The
Geological Survey
Pennsylvania.
Report of C. A. Ashburner,
of
1200
scale
the
yards (the
figure being 1000 feet to the
length is about
section

The flexures to the west have their summits pushed westward 40°
beyond the vertical. The folded rocks consist of beds of Anthracite, and
intervening strata of shale and sandstone; and the Anthracite beds include
the great "Mammoth bed" (lettered at its outcrop E, E,' E ), which is 13
inch).

to 27 feet thick, and the bed F (outcropping at F,' F,2 F,3 F,4 Ft), 11 to 20
feet thick, besides one of eight to nine feet. The "Mammoth bed" is
doubled on itself at E'.
Fig. 1026, from Lesley, is from the Anthracite
r

1026.

P

J0T4
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Section on the Schuylk[1I, Pa.; P, Pottsville, on the Coal-measures 14). Lesley.
All the
region of Pottsville, about 30 miles south of west of Mauch Chunk.
Paleozoic formations from. the bottom of the Paleozoic (2) to the last, the

Carboniferous (14), are here flexed together: No. 2 being Cambrian; 3,
Canadian; 4, Trenton; 5, Niagara; 7, Lower Helderberg; 8, Oriskany;
9, Corniferous; 10, Hamilton; 11, 12, Upper Devonian; 13, Subearbonifer
ous; 14, Carboniferous.

Fig. 1027, from H. D. Rogers, in which the flexures
1027.

Section of the Coal-measures, half a mile vest of Trevorton Gap, Pa.

H. D. Rogers.

are more gentle, is from Trevorton Gap, 45 miles west of Mauch Chunk.
The whole Anthracite region has been thus upturned.
Constitution of the Coal-measures. -Beds of sandstone, shale, clay, and
limestone, with occasional beds of coal, and a bed of fire clay commonly beneath

the coal-bed, make up the Coal-measures.
About one foot in 40 of the total
thickness is usually good coal; but in the Upper and Lower Productive

Measures, the proportion is larger, rising to one foot in 20.
The following tables, 1 A, 1 B, 2, 3, 4, derived from the reports of the
recent Pennsylvania Survey (1, 2, and 3, by J. J. Stevenson, and 4, by H. M.
Chance) will give a general idea of the many coal-beds in the series in
western Pennsylvania, from the Upper Barren series to the Lower Productive
Measures, and of their alternating beds of sandstone, shale, limestone, fire
clay, and iron ore:
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Upper Barren Series, (,r Permian Beds.
A. DrNIAnn CnEI:I( MEAsIIII, UnEI.
COUNTY (SOUTHWESTERN COUNTY OF PA.),
ABOUT 700 FEET.
Beneath 80' of concealed beds including some limestone:
Limestone 10', sandstone 591 linlet,iIu' 4', shale 80'
144'
Sandstone 30', shale 12', limestone 2t', sandstone and shale 80'
124V
Xinere/, coal-bed
1 l
Sandstone 100', limestone 2k', bitum. shale 1', sandstone 36'
139'
Dunkard roal-bed
1 "'
Sandstone and shale 30', limestone 3'
331
Limestone 2'-5', sandy shale 70', limestone (V-iS'
78'-9(V
Coal, local bed
ii'
Shale and iron ore 10', sandstone 31', limestone 2k', sandstone 19'-30'62'-73'
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B. WASHINGTON Gnor, MAXIMUM THICKNESS 400 FEET.
Sandstone 40', Upper Washington limestone 30'
Jolleytown coal-bed
Middle Washington limestone 15', sandstone 40'
Sandstone and shale 20', limestone 8', sandstone and shale 60'
Bituminous shale or coal-bed
Lower Washington limestone
Washington coal-bed
Laminated sandstone
Little H as/iin t,ton coal-bed
Limestone 20', shale 6'
IJ'aynesburq J311 coal-bed
Limestone 8', sandstone 3(V
"
IVaynesburii "A coal-bed

70'
1
55'
88'
1'
20'
10,
12'
1'
26'
1'
2'

2. Upper Productive Coal Series or Monongahela River Series, Maximum 494 feet.
Shale 0'-12', Wayiiesburg sandstone 70'
70'-82'
IVaynesfrurq main coal-bed
6'
Sandstone and shale 60', limestone 51, sandstone 20', fire clay 3'
88'
Unionto,rn coal-bed
Sandstone and shale 60', limestone and shale 18', sandy shale 40',
limestone and shale 65'
73
coal-bed
Sewickley
1,-c,
Sandstone and shale 25', limestone 18', sandstone 10'
Redstone coal-bed
Shale 0'-12', l'ittsburg Upper sandstone 40', limestone 10'
50'-62'
l'it.tsburg coal-bed
Fire clay
31
3. Lower Barren Goal-measures (in Westmoreland County, Pa.), 654 feet
Limestone (V, shale 10' (underneath 3' fire clay and Pittsburg coal)
Coal-bed
Shale 10', limestone 3', shale 25'
Goal
Shale 35', Connellsville sandstone 60' (not persistent), limestone 5'
Coal-bed
............................
Clay 9', Morgantown sandstone 50', limestone 4'

16'
1'
38'
100'
1'
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Barton coal-bed
1'
Shale 100', Crinoidal limestone 4', shale 30'
134'
Goal-bed
2'
361,
black
41,
shale
Shale and sandstone
limestone
60'
go,
Coal-bed
Shale 30'-SO', with Mahoning sandstone (divided sometimes into
Upper, Middle, and Lower), with thin layers 'f shale and lime
stone, and sometimes a thin coal-bed, in all 19511 in Ligonier
.
75'-195'
Valley, varying to 75' and less elsewhere...................................
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4. Lower Productive Coal-measures, or .Alieghany River Series, IT'. Pa.
.Freeport Upper coal, E. . . . . . . . . . . . . . . . ........ . . . ......... . . . .............2'-4'
Fire clay 2'-G', shale with ore, Freeport Upper limestone, shales,
sandstone
25'-40'
Freeport Lower coal, D . . . . . . .. . . .. . . .... . .... . .. ..............2'-7'
Fire clay 11 f-41, Freeport Lower limestone
4L5
Rietanning Upper coal, C'
:Fire clay 2'-4', Johnstown cement-bed, shales
Coal
Fire clay 0'-2', shales and slate
80'-40'
Middle
coal,
C.
.
.
.
.
.
.
.
.
.
.
.
.
.
........
.
.
.
.
.
.
.
...................
1'-3'
Kittanning
Fire clay, shales, sandstone
354l
Lower
coal,
B.
.
.
......
.
.
.
.
.
.
.
.
.
...
.
..
...
.
...
.
.
.
.
.............
.
.Kittanning
31_71
Fire clay 4'-8', sandy shales
sometimes
50,-GO'
Clarion coal, A.. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..
Clarion
11-21
)
Fire clay 2'-lO', shales
.
sandstone
20'-30'
Broolcville coal, A . . . . . . . . .. . . .. . . .. . . .. .. . . . .. . . .. . .
Fire clay, brick clay
0'-lO'
POTTSVILLE CONGLOMERATE.
These sections show many alternations of sandstone, limestone, and shale,
with the several coal-beds, but without giving the many minor changes.
Sections from the Anthracite region afford the same alternation of coal

beds with beds of sandstone (or conglomerate) and shale, but without even
thin layers of limestone. But the coal-beds and the various rocks reach a
much greater thickness, all being on a grander scale in this central part of
the Appalachian area.
The "Mammoth" coal-bed (numbered E by the
Geological Survey) attains a maximum thickness of 50 feet; and then, above
200 to 300 feet of sandstone (or conglomerate) and shale containing two or
three thin coal seams, comes the Red Ash Bed (F), 16 to 24 feet; and above
another such interval, a third great bed (G), 15 to 16 feet; and so on.
But
these thicknesses are not constant, the minimum in each of these beds in
other localities (mining shafts) being half the above or less.

The thickness diminishes not
only westward, but rapidly also northward.
At Carbondale, it is, for the whole Coal-measures,
only 300 feet, and for the
included coal-beds less than 20 feet.
Near Wilkesbarre, the thickness is
about 867 feet, with 85 feet of coal-beds, or about one foot of coal to 10 of
rock.

In the western Middle Anthracite field, the total at Hammond is 1512
feet, with 83 of coal-beds. Near Pottsville, in the southern field, the total
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thickness is 3251 feet, and that of the 27 coal-beds 154 feet, a ratio of 1: 21.
Of the 27 coal-beds, numbers 19 and 20 (counting from. below), together 23
feet thick, but separated by 15 feet of shales -in all 47 feet-correspond in
position to the "Mammoth" bed. The facts relating to the Anthracite region
are given in detail, with magnificent maps in folio, by Ashburner, in his
Report of the Penns?rlvania Geological Survey.
The Coal-measures of western Pennsylvania continue to decrease in
thickness as they spread northward.
Beyond Ohio, in Illinois and Indiana, a region wholly independent in its
coal areas, as shown by the Ohio and Pennsylvania geologists, the Coal
measures are less than 1200 feet in thickness; and a considerable portion
of the intervening beds consists of limestone.
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The accompanying rocks may be of marine origin, brackish water or fresh;
and limestones with their many fossils are usually marks of marine origin.
The coal-beds are not all coal. They have commonly layers of shale or
shaly coal at intervals; and sometimes so many that the bed is worthless.
A bed may change in the course of a few miles to a dirt-bed, or the carbo
naceous material may wholly fail.

The Pittsburg, at Pittsburg, Pa., is 10 feet thick; but it is made
up of one foot, at bottom, of coal with pyritiferons shale; 5 to 6 feet of
good coal; and, above this, shale and coal, left as the roof for working,
though sometimes including one or two feet of pure coal. It borders the
Moiioimgahela for a long distance, the black horizontal band being a con
spicuous object in the high shores, and in some places contains seven or eight

feet of good coal. It extends into West Virginia and Ohio, over an area at
least 225 miles by 100. It varies in thickness, being 12 to 16 feet in the
Cumberland basin; 6 feet at WTheeling; 5 to 8 feet in Morgan, Athens, and
Meigs counties, Ohio; 5 to 6 feet at l'omeroy, where it is the "Pomeroy" bed;
6 to 9 feet in West Virginia, at Morgautown. But, according to I. C.
White (1891), it fails nearly or wholly to the southwest of Pennsylvania,

over part of West Virginia and Ohio, along a belt north-and-south in course,
and 30 to 50 miles wide.
Layers of clay-ironstone are often in the series, as the sections show,
making parts of beds of limestone, shale, or coal, or intervening between them;

and a bed of fire clay generally underlies a coal-bed.
The coal chiefly of vegetable origin. -The clay-bed beneath the coal, often
called the underciay, generally contains fossil plants, and especially the roots
or under-water stems of Lepidoclendi'ids and Sigillarids, called Stigmaric;
it is often the old dirt-bed, or the bed of earth over which the plants
It was either this, or the clayey
grew that commenced to form the coal-bed.
In some cases, trunks of trees
bottom of the plant-bearing marshes or lakes.
The Nova Scotia
rise from it, penetrating the coal layer and rock above it.
on
the
old "dirt-beds," as
coal region abounds in erect trunks, standing
illustrated in Fig. 1028.
The rock capping a coal-bed may be of any kind, for the rocks are the
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result of whatever circumstances succeeded; but it is common to find great
numbers of fragments or trunks of trees and ferns in the first stratum.
The
shaly beds often contain the ancient ferns, spread out between the layers
with all the perfection they have in an herbarium, and so abundant that,
1028
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Section of Coal-measures at the Joggins, Nova Scotia (with erect stumps and stems, a, b, c, d, in the
sandstone, and rootlets In the underelsys). Dawson.
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however thin the shale be split, it opens to view new impressions of
plants. In the sandstone layers, broken trunks of trees sometimes lie
scattered through the beds.
Some of the logs in the Ohio Coal-measures,
described by Dr. Hildreth, are O to 60 feet long, and three in diameter.
At
Carbondale, in Pennsylvania, a forest of Calamites, or tree-rushes, was cut
through in opening an inclined tunnel through sandstone to the underlying

coal-bed, and the trunks, or rather their fragments, were so numerous that
they were used as a foundation for a tramway for transporting the coal out
In the walls crowds of other stems of the old jungle were left.
of the mine.

Lesquereux refers the species of Calamites to C. Suckoei and a P1 roxi
matus. He also states that in the roof-shale of the coil-bed at Carbondale,
Pa., there was found an impression of the bark of a Lei) idodendron, two feet
wide and seventy-five feet long.
Andrews mentions that thousands of the
trunks of the Fern, Pecopteris arborescens Sehioth., are found in the shale over
the Pomeroy coal-bed; and at one place the trunk of a ASigiiiaria was traced
In Kentucky, at Paintsville, the stony bottom
by him for more than 40 feet.
of the river is an irregular mosaic work made of cross-sections, of trunks
of ,Siqillaria which stand crowded together in the position of growth
(Lesquereux). One trunk is 2 inches across, showing that the region was
the site of a forest.

Such facts are common. These facts are enough to prove the vegetable
But Ferns, Lepidodendra, and other plant-remains are
origin of coal.
often spread out in perfection within the coal-beds, and sometimes in the

solid masses of anthracite. They occur also in the textureless cannel coal,
as at Breckenridge, Ky., where the coal "is marked through its whole mass
by stems and leaves of Stigmaria and Lepidodendron rendered distinct by
infiltration of suiphuret of iron" (Lesquercux).
Further, the coal is often
penetrated with the tissues and spores of the plants.

Even the solid anthra-
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cite has been found to contain vegetable tissues. On examining a piece
partly burnt, J. W. Bailey found that it was made up of carbonized
vegetable fibers.
Figs. 1029, a, b are from his paper on this subject. He
selected specimens which were imperfectly burnt (like Fig. 1029), and ex
amined the surface just on the borders of the black portion.
Fig. 1029 a
a
number
of
ducts, thus brought to light, as they appeared when
represents
moderately magnified; and Fig 1029 b, two of the ducts, more enlarged; the
1020 b.

1020.
1030.
r7()I

:

1021) a.
H.:.
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Figs. 1029, a, 6, Vegetable tissues in anthracite; 1030, Spores and part 01' a Spurangiuni, In bituuiluous coal of
Ohio Cx '0). Figs. 1020, Bailey ; 1080, Dawson.
black lines being the coal that remained after the partial burning, and the
light spaces silica. The ducts were one tenth of a millimeter (about four
thousandths of an inch) broad. Dawsou reports like results 'from bituminous
coal.
The spores and sporangites, or spore-cases, of the Lycopods (Lepidoden
drids) and other Aerogens, abound in the coal to such an extent in some
places, that it has been suggested that mineral coal was made mainly out of
them.

While, as Dawson has shown, this inference is not sustained by facts,
such spore-cases are very common in most coal. Fig. 1030 represents, much
magnified, the surface of a piece of Ohio bituminous coal, showing a fragment
of a spore-case and many of the spores. The spore-eases vary in size, from
a tenth to a hundredth of an inch, and in the coal they often have an amber
yellow color. Dr. 1)awson states that he has a specimen of Pennsylvania
anthracite full of spore-cases, but that the Pieton coal is remarkably free
from them.
Animal materials have also contributed to the coal, though sparingly.

For animal decomposition also yields carbonaceous material; and animal life
was so abundant in the waters that the contributions in some places may
have been important. The great number of fossil fishes in some very
carbonaceous or bituminous shales has led to the suggestion that fish-oil may
have been the sole source of the oil or gas yielded by the shales. It is not
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source, since the same process which
improbable that it was a prominent
will convert vegetable tissues into coal or mineral oil (page 124), will pro
duce a like result from animal oils.
the series. - Since the coal marsh area of Pennsyl
Equivalent coal-beds in
vania, eastern Ohio, Kentucky, and West Virginia was in all probability
to look for the beds over the areas
essentially continuous, it is reasonable
that are of equivalent age. It has been found difficult, however, to make out
even the relations between those of eastern and western Pennsylvania; that
The related West Pennsylvania
is, of the A.nthracite and Pittsburg regions.
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But any parallelism between the
and Ohio beds are more easily correlated.
beds of Pennsylvania and those of Illinois and other states of the Mississippi
valley, unless in the Lower Coal-measures, is improbable.

Goal-measures. - Full details with regard to the Bituminous Coal-measures of western
Pennsylvania, West Virginia, and partly of Ohio, will be found in a Report by I. C.
White, constituting Bulletin 65 of the U. S. Geological Survey. The following are facts
from eastern Pennsylvania: In the Panther Creek basin at Tamaqua, where the total thickness is 21681, the lowest
coal-bed is the Lykens Valley coal, 6' thick, within the Pottsville conglomerate. 240' above
is the A coal-bed, 16'; 115' higher, the B coal-bed, 9'; 235' higher the C coal-bed, 8' (with
a thin bed between); and then, 122' above the last, the Mammoth bed, including beds D,
12', and E, 24', and another between of 51, together with 451 and 48' of intervening rock.
211' higher comes the F, or Lower Red Ash coal-bed, 10'; 55' higher, the Bony coal-bed,
4'; 46' higher, the G, or Upper Red Ash coal-bed, 6'; 84' higher, the Washington coal-bed,
3'; 92' higher, the Jock coal-bed, 7'; and then 4 coal-beds of 2' each in the next 150'; 158'
higher, the First Upper Red Ash coal-bed, 4'; 106' higher, the Second Upper Red Ash
coal-bed, 3'; 63' higher, the Third Upper Red Ash coal-bed, 1'. From the Mammoth to
the Lykens valley coal-bed the coals are of the White Ash group ; the remainder are
divided into the Upper and Lower Red Ash groups, along a plane below the third coal-bed
from the top.
In the Pottsville basin, between the Mammoth and Lykens Valley coal-beds, there are
7 coal-beds; and one, 660' above the Lykeiis, called the Buck Mountain coal-bed, is 8'
thick. The Wilkesbarre section gives widely different results. In western Pennsylvania
the Coal-measures have their greatest thickness at the West Virginia line, midway in
Greene County, Pa.; and from this point there is a thinning westward to about one third.
Passing into Ohio, the interval between the Pittsburg and Uniontown coal decreases north
ward from 200' to 60' or less (Stevenson).
The Pottsville conglomerate in Mercer County, Pa., afforded I. C. White (Pa. Rep.
Q, 3, 1880) the following section: Homewood sandstone 50', shales 5', iron ore 2', limestone 2\'
59'
Goal, Upper Mercer
Shales 25', iron ore 2', Lower limestone 2A', shales 10'
39
Coal, Lower Mercer
2'
Shale 10', iron ore 1', shales with Upper
Connoquenessing sandstone 60'
Coal, Quakertowit
Shales, Lower Coimoquene.ssing sandstone :io', Sharon shales 301
100,
Goal, Sharon
4'
Fire clay and shale 5', Sharon
....................................
conglomerate 20'
The thickness of the Coal-measures in Ohio is about 1250': the
Lower Productive 250',
with 7 coal-beds; the Lower Barren,
having the Mahouing sandstone at its base, 500';
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Upper Productive, 200'; Upper Barren, 500', but much reduced from the original thickness
by denudation ; the total number of coal-beds is 13 ; the mean thickness of the lower 7 is
4'; of the upper 6, 4'. Bed No. 1, called the Brier Hill, Massillon, or Jackson coal, 15
3' to 6' thick, and is supposed to be No. A of the Pittsburg section; No. 8, the Upper
Freeport, 3' to 1' thick; No. 8, 4' to 8' thick, the Pittsburg coal-bed, at the top of the
Lower Barren Measures; and No. 11, 1' to 4' thick, the Waynesburg coal-bed (Newberry).
In Indiana, the Coal-measures cover an area of about 7000 square miles over the
western part of the state, are 800' to 1000' thick, and include 10 coal-beds varying from
I' to 11' in thickness (Collett).
In Illinois, the total thickness is 600' to 1000', and the number of workable coal-beds
6, and of other thin seams, 6. The thickness of the former is nearly 20' (Worthen).
Near Morris, and elsewhere, in northeastern Illinois, there is a single bed of coal with clay
above and below. Four miles to the southeast of Morris, sandy shales of the Coal-measures
contain concretions which have made the place famous because of the many kinds of
Ferns, Insects, Spiders, Myriapods, rare Crustaceans, and even Amphibians, which have
been found in the concretions- the specimens having been in many cases the nuclei.
No marine fauna has been found in them.
In southwestern Kentucky, the Coal-measures north of Pine Mountain are 1650' thick,
and contain 9 workable beds of coal ; and farther east they are still thicker.
The Coal-measures spread northwestward over southwestern Iowa, where they have a
maximum thickness of 600', and a thickness of coal-beds of about 8', as in Illinois. The
Coal-measures extend northward beyond the limits of the upper beds of the Snbcarbonif
erous limestone. At Davenport, on the Mississippi, a boring found a thickness of 30', and
the beds resting on the Devonian Corniferous limestone.
In Arkansas, the area of the Coal-measures is about 1000 square miles, and the mean
thickness of the coal-beds is estimated at 3'.
The isolated coal area of Michigan covers about 6700 square miles, and the beds have
a thickness of 300' or less. At East Saginaw, this :300' includes the underlying Parma
white sandstone 105', and the overlying Woodville brown sandstone 79 feet; and in the
intermediate shales and sandstone there is one bed of coal 31 to 41 thick (Winchell).
In Alabama, the Coal-measures cover 5500 square miles. There are 3 areas, -the
Warrior, the Cahaba, and the Coosa. The first contains nine tenths of the whole area.
The thickness near Tuscaloosa, where the beds disappear beneath more recent formations,
is about 30001. The number of coal seams is about 35, of which 15 are over 21, thick, and
6, of 4' and over. The beds become thinner to the northwest. The lowest of the coal-beds
are those in the Pottsville conglomerate.
The Rhode Island Carboniferous covers the most of the southern part of the state, and
extends northward, through Providence, to the northern border; there it passes into
Norfolk County, Mass., and thence eastward, through Bristol County, to Plymouth
County. The exact limits, east, west, and north, have not been made out, the stratifica
tion of the rocks being much obscured by displacements or flexures and metamorphism.
There are conglomerates and slates which are supposed by hitchcock and Jackson to be a
part of the formation. The quartzose conglomerate outcrops at Newport and elsewhere,
and forms a bold feature in the landscape at "Purgatory," 2 miles east of Newport, and
at the "Hanging Rocks." The stones vary in size from an inch to a foot or more.
Associated with the slate there are beds of limestone.
The principal points where coal outcrops are near Providence, Cranston, Bristol,
Portsmouth, Valley Falls, Cumberland, and Newport (a thin bed outcropping on the coast),
in Rhode Island; and in Raynham, Wreutham, Foxboro, and Mansfield, in Massachu
setts. The beds are much broken and very irregular in thickness, owing to the upturning
and flexures the formation has experienced, and the coal is an exceedingly hard anthra
cite, because of the metamorphism, and to some extent is graphitic. Still, the slates often
contain fossil plants, part of which are identical in species with those of Pennsylvania.
DANA'S MANUAL -42
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Near Portsmouth, at Aquidneck, three beds are reported to exist, 2' to 20' thick, and at
Case's, one of the three is 13' thick; at Providence, one, of 10'; at Valley Falls, live, 61 to
9'; at Cumberland, two, 15' to 23'; near Mansfield, several, with the maximum thickness
10'. The earliest opening was made at Case's, near Portsmouth, in 1808.
At Worcester, Mass., an independent coal area, there are mica schists and graphitic
slate, with remains of a species of Lepidodendron.
- A large part of Cape Breton and the
Cape Breton, Nova Scotia, New Brunswick.
northern half of Nova Scotia, and more than two thirds of New Brunswick, are covered by
the coal formation. Time chief of the coal mines are in Nova Scotia, in the Pictou,
Colchester, and Cumberland districts. In New Brunswick, the formation is thin and
yields little coal. At the Joggins, in the Cumberland district, the beds, according to
Dawson, rest on 3000' of Subcarbouiferous beds, have a thickness of 1:3,000', and are made
up of sandstone, conglomerates, shales, and impure limestone. Of the whole, 5000' to 6000'
pertain to the conglomerate or Millstone grit, 4000' to the Lower Coal-measures, and :3000'
to the Upper, a large portion of which is regarded by Dawson, on account of the fossils, as
Permian. In the series, there are 76 dirt-beds and coal-seams, indicating as many levels
of verdant fields or marshes. Each dirt-bed is a clayey layer with stumps of Stigniarhe
and other plant remains ; but only 15 contain any coal. The main coal-bed at the Joggins
is only 51 thick, with a foot or so of clay along the middle. The Permian at Pictou has a
thickness, according to Fletcher, of 1140', but on John River, near the boundary of the
Colchester district, 8107'. For a detailed report on the Pictou and Colchester districts,
by Fletcher, see Can. Geol. Rep. for 1800-01.
The Millstone-grit portion includes thick beds of coarse gray sandstones, containing
prostrate trunks of Coniferous trees in its upper and middle parts, with red and com
paratively soft beds in its lower; many layers of coaly shale occur throughout, but no
coal-beds. At Pictou, where the beds (lip 20° or more, the mean thickness of the main
coal-bed is 38'; of another, 159' below, 1511 ; and 280' below this occurs tile McGref'or
seam 12' thick. The total thickness of the Carbonifererous is about the same as at the
Joggins (Dawson).
A Carboniferousfornation without coal is the great fact for the. western half of the
continent. Beyond the Mississippi, near the meridians of 97° to 101° W., the formation,
as it extends westward, becomes increasingly thinner in its coal-beds and passes beneath
the Triassic, Cretaceous, and Tertiary beds of the eastern Rocky Mountain slope. The
formation makes its first reappearance at the surface at about 104° W., in the Black Hills
of Dakota; but it comes up destitute of coal, and is a limestone formation 400' thick,
including a middle portion of sandstone, 751 thick. Moreover, through the region of the
Rocky Mountains farther west, and also northward through British America, wherever the
Carboniferous is to be seen, the rock is a barren limestone, or linwstone and sandstone.
It is widely distributed as a surface rock at the base of Arclmian ridges and 1sewhere, has
its largest continuous area in Arizona, is widely distributed over the Great Basin in Nevada,
occurs also in Utah and Montana, whence it extends northward beyond the United
States boundary along the summit region of the mountains. The deposition of Mesozoic,
Cenozoic, and lacustrine beds, and time extensive ejection of igneous rocks over the vast
region of the United States, between the meridian of 105° Wi. and time Pacific, have left little
of the Paleozoic formations in sight.
Along the summit region time beds vest on Silurian
or Cambrian beds.
The Carboniferous is the surface rock at the Grand Cañon of the Colorado. U there
comprises the Aubrey limestone, as the summit portion of time lofty walls, 835' thick
below this, the Aubrey sandstone, often having cross-bedded
layers for 1455'; arid then
the "Red-wall" limestone,
a
thickness
of
970'
having
(Walcott), in all 3260'. The lime
stones are more or less cherty and in
part shaly or aremlaceous, and time upper contains
some gypsum. A portion of the lower limestone, of undetermined thickness, contains
£ubcarbonjferous fossils.
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In the Wasatch, the Carboniferous beds are about 13,000' thick, the Upper Coal.
measure limestone 2000' thick; below this is the Weber quartzyte, 0000'; and then 5000'
of the Wasatch limestone, the lower part of which contains Subcarboniferous fossils. The
Carboniferous formation in the Eureka basin, Nevada, has a total thickness not far from
10,0001, of which the Weber conglomerate comprises 2000', and a quartzyte at the base,
3000'. The upper member is only 500' thick, but has a thickness of 2000' to the north
west. (Hague.)
In California, Carboniferous beds, consisting partly of limestone, occur in the Sierra
Nevada along a broad belt west of, and nearly parallel to, its axis. They extend inter
ruptedly, says Whitney (1860), from Shasta County, near Pitt River (40° 45' N. where
limestone of the period was first identified by Trask in 1855) through l'lumas County,
southwestward, to the Tahichipi valley, more than 500 miles. The limestone occurs at
intervals interst.ratified with the argillyte, mica .schist, and siliceous slates of the auriferous
series, and disappears at times, as Whitney states, by graduating into calcareous sand
stones and the siliceous slate. The fossils obtained by Trask near Bass Ranch, comprising
species of Fusulina (Fig. 1069), a Litlwstrotio;z hardly distinguishable from L. mammillare,
and other kinds, were referred by Meek, with much expressed doubt, to the Subcarbo
niferous; and Gabb suggested the same conclusion for the fossils of the limestone at
Pence's Ranch, 80 miles to the southeastward. H. W. Turner reports Fusulina from
Hite's Cove, Mariposa County, and, from other parts of the same interrupted limestone
belt, in Calaveras and Amador counties, and at different points in Plumas County. It is
probable that the rocks are partly at least of the Carboniferous period.
Carboniferous rocks occur also in the Kiamath Mountains and Coast Range, according
to Fairbanks and 1)ihler. But they have not yet been identified in Oregon and Washington.
They exist in British Columbia, in some parts of the Coast region, and are extensively
distributed over the interior plateau, extending northward as far at least as the Peace
River region, in latitude 55°-fi6° N.
In the Arctic regions, Carboniferous beds are reported from Melville Island, at Cape
Dundas, Bridgeport Inlet and Skene Bay; Baring Island at Cape Hamilton; Byam Martin
Island ; and on Bathurst at Scliomberg Point and Graham Moore Bay. The line of outcrops
of the beds runs E.N.E. They are accompanied by clay ironstone in nodules, as is usual
in coal regions (Haughton). For notes on time Carboniferous areas of the Arctic regions,
see, further, G. M. Dawson, Rep. Geol. Canada, for 1886.
In Mexico, Carboniferous limestone, representing the Carboniferous period, or the
Carboniferous and Permian periods, has been observed in some of the ridges and mountains
of Coahuila and Nuevo Leon (Frazer and Hall), and also on the borders of Mexico and
Guatemala; also, in Nicaragua, with overlying Permian and underlying Silurian and
Devonian (Crawford, 1890).
In South America, the Carboniferous beds have great extent in Brazil, in the
Amazon valley,-as great as the North American Carboniferous,- but they afford no
coal (Derby, Am. Jour. Sc., xvii., 1879).
The following probable correlations are based by Lesquereux on the distribution of the
species of coal-plants : Coal A, which exists within the Pottsvihle conglomerate, or Millstone grit, at the basis
of the Coal-measures, or its equivalent plant-bearing beds: at Shaniokin, Lehigh Summit,
lower bed at Trevorton, Broad Top, in Pennsylvania; at Massillon, Ohio; at Union Mines,
in Crittenden County, Kentucky.
Coal B, Archbald, Pa.; Spring Creek, Ind.; Union, Greenup, and Carter counties,
Ky. ; Murphysboro, Mazon Creek, Morris, Ill., in shale over coal.
Coal B or C, Carbondale, Pa. ; Carmnelton, Pa.; Clinton, Mo.
Coal 0, Archbald, Shamokin, Pittston, at Boston mine, etc. ; Eugene, Vermilion
County, Ind.
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Ind. ; Duquoin and St. John,
Coal D, Carbon Hill, Pittston, Pa.; Vermilion County,

Coal D or E, Sullivan County, Ind. ; Hopkins and Christian counties, Ky.
Nelsonvile and Cosh.
Coal E, Mammoth bed at Pottsville, Pittston, Yatesville, Pa.;
octon, Ohio; Stark and Peoria counties, Ill.
Coal E and F, Wilkesbarre, Pa.; Nelsonville and Coshocton, Ohio.
Coal F, Plymouth, Pittston, and Maitby, Pa.
Coal G, Olyphant, Plainsville, Gate and Salem veins, Pottsville, Pa.; Pomeroy, Ohio.
At Caunelton, Pa., the number of species of plants obtained from the coal-bed of the
B or C horizon, according to Lesquereux, is 140; at Mazon Creek, Ill., from the
bottom of the coal-bed B, 150 species, and adding those from the overlying clay-bed, 200
be added, with others
species; and if the species from the same bed at Murphysboro
the bed affords in Missouri, the number mounts up to 250 species, which is a very large
flora for one coal-bed level. The whole number of plants thus far described from the
American Coal-measures, the Permian portion included, is 900.

8. PERMIAN PERIOD.
ROCKS-KINDS AND DISTRIBUTION.
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It has been stated that the Upper Barren Measures of Pennsylvania and
West Virginia, having a thickness in Monongalia County of 1044 feet, were

of the age of the Permian period, though continuous in bedding with the
strata below.
Similarly, the upper beds
clayey beds, sandstones, with some
impure limestones - in the Coal-measures of Kansas, Missouri, Illinois,
Nebraska, and Texas, are referred to the Permian.

The same is true for an

upper part of the Coal-measures of Nova Scotia, New Brunswick, and Prince
Edward Island. The evidence of Permian age consists in the presence of
remains

of plants, Mollusks and Vertebrates, like those of the foreign
Permian. Permian beds have also been identified. in the region of the
Colorado Cañon in Arizona and Utah, where 845 feet of limestone and shales

containing gypsum, overlying Carboniferous limestone, are referred to this
period.. In the Wasatch, the beds have a thickness of 600 feet.
Permian beds were identified in the San Francisco Mountains by Marcou in 1853; and
in the Guadalupe Mountains, New Mexico (a white limestone), by B. F. Shumard in 1858.
About the Colorado Cañon they have been studied by Walcott (in 1880) and others. The
rock in the Wasatch is the "Bellerophon limestone" described
by King (1878). Permian
was identified in Nova Scotia by Dawson in 1845; in Kansas,
by Meek, Swallow and
Hawn, in 1858; in Illinois, by Worthen, in 1858; and soon after in Missouri and
Nebraska by Meek; in Pennsylvania and West Virginia, by Fontaine and I. C. White, in
1880. Cope's observations in Illinois and Texas were made in 1875, and later; C. A.
White's, in Texas, in 1889. On the Kansas Permian, see, further, Prosser's
paper of 1804.
The Texas Permian occupies the western portion of the Carboniferous area. North of
the Brazos River the lower beds, in the Wichita of Cummins, are red
clays and sand
stones, with some impure limestone at
The
fossils
described
top.
by C. A. White are
from this part of the series, and so also the Vertebrates described
by Cope. Above are
the so-called Clear-Fork and Double Mountain division,
and then come the Dockum
beds, different in rocks and f088118, which are referred to the
Triassic.

PALEOZOIC TIME-CARBONIC.

661

ECONOMICAL PRODUCTS.
Coals, Iron Ores, Clays, and Salt of 11u' Carboniferous and Subcarboniferous
Formations.
1.

Coal.-Coal occurs of three kinds: (1) Anthracite, or stone coal; (2)
"
ordinary Bituminous, sonwtiines distinguished as cubical coal," in view of its
natural tract.ure ; and (3) (funnel coal, the dull textureless bituminous coal,

breaking irregularly, with a conchoidal fracture, and only occasionally con
stituting parts of coal-beds. Excepting the cannel, the coals have distinctly,
on a cross-fracture, a faint band jn, due to a straticulate structure or bedding,
and are rarely laminated unless very impure. The blocks into which bitumi
nous coals break have probably been made by the strains to which the coal
bed had been subjected; they are not those of crystallization.
The bituminous coals which soften in the lire and cake over are called
caking or cementing coal; and those which burn without caking, the openburning coals. The "Block coal" of Ohio, Indiana. and the neighboring
states, is of the non-caking kind, that most convenient for furnaces and open
The caking coals are prepared for inetalhmrgical purposes by conversion
into coke by partial combustion under cover (in ovens), which drives off the
volatile matter.
In the best process there is a loss usually of 20 to 35 per
cent of weight, and an increase in bulk and hardness. At the same time the
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

fires.

coal loses about half its sulphur.
The first of the following tables gives the results of analyses of coals, and
also of peat, showing the amount of the several constituents ; and the
second, the amount of fixed carbon, and of volatile, hydrocarbons (gas, oil)
afforded, and besides, the water and ash, or impurities.

The flame given out in a fire is that of the burning gas as it escapes.
This gas is almost wholly a compound of carbon and hydrogen. or a hydro
carbon ; but it includes a little carbonic oxide (carbon monoxide), which has a
bluish flame; and in the case of anthracites, which have very little volatile
matter apart from the moisture, this gas is the chief one. But anthracites
shade down into the semi-bituminous, and the flame varies consequently
from bluish to yellow.
Cannel coal (called in Scotland Parrot coal) affords usually the most

volatile hydrocarbons, and is valuable for gas making; and it will be much
used for its yield of mineral oil or petroleum whenever the oil-wells give out.
It occurs in Ohio and Indiana, and still more abundantly in eastern Ken
'I'hc amount of impurity in
tucky. where Breckenridge is a noted locality.

is often large. and the beds frequently contain remains of Fishes.
Crustaceans, and some other fossils, which is not true of the ordinary bitumi
nous coal. The fossils appear to be almost solely those of fresh waters.
I4inton, Ohio, is a locality famous for its Fishes and Amphibians, its cannel
them

coal affording 50 species or more.
The Sulicarboniferous beds of New Brunswick, in some parts of King's,
Albert, and AV, estmnoreland counties, afford a semni-asphaltic material called
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like it in a
albertite,, looking like bitumen or asphalt, but not readily fusing
A
It occupies rents in the rock, instead Of eonstit.uting layers.
candle.
conditions in the
similar substance, called q)'OlI(WH(e. occurs under sitnihtr
It is partly
Coal-measures of West Virginia, 20 miles south of Piukersburg.
Both are Sup
columnar in fracture at right angles to the walls of the vein.
from the oxidation of mineral oil.
posed to have been made

1.
2.
2.
4.
6.
0.
7.
8.
9.
10.
11.
12.
13.
14.
16.
10.
17.
18.
19.
20.
21.
22.
23.
24.

Carbon ii viIr.
90'45 243
Anthracite, Pennsylvania
0250 2I3
Anthracite, Pennsylvania
Wales
02'SU 333
Anthracite, South
74'45 41)3
Caking Coal, Kentucky
73'SO 5'Tt)
NelsoiivilLe,
Ohio
Caking Coal,
......
82 -56 5"30
Caking Coal, South Wales
78'OO 0'OO
Coal,
Northumberland.
Caking
7789 642
Non-caking. Kentucky
" Block Coal,'' hid
827() 4"77
Non-caking,
781)4 51)2
Non-caking, Brier Hill, Ohio
S.
Staffordshire
7640 4"62
Non-caking.
701)8 5'31
Non-caking, Scotland
6813 049
Cannel Coal. Breekenridge.
801)7 5'53
Cannel Coal, Wigan
Cannel Coal, "Torbanite"
641)2 81)0
7355 4-17
Bitumininis Coal, Vyoiniiig. . .
Bituminous Coal, Wyoming
75"20 4"74
Albertite, Nova Scotia
86'04 81)6
6031 5i3
Brown Coal, Buvey
Brown Coal, Vittenberg.
64'OT 5"O:3
Peat, light brown (imperfect)
50'Sfl 5'S()
Peat, dark brown
UU'47 652
Peat, black
60'70 5'70
Peat, black
697l 327

ON.

N itt. Suiph.
A sh
Analysis
4'67, Regilault.
245
2'25, l'crcv.
1 'tl 092
I '58, Hegitault.
2'53
01)1
5,)
Peters.
I308 103
190, Woi'iuley.
16'58 l'62 0'41
'05
0'75
I 40, Noad,
822 I
1-36, 'l'tkey.
1007 237 1-61
1'82
3()
2'UO,
Peters.
12'67
'3'
045
1-07, Cox.
1
0'56
1 "45, \Vurmley.
11'S() 1'58
155, Dick.
1743
0'55
1:333 21)9 1-23
11)0. l{owney.
583 2'27 248 12'30, Peters.
2'TO, Vaux.
810 212 1'50
51)0 055 0'50 202, Anderson.
1.-86
. ..... .. . . .
17'20 11)3 118
7'20
1037 1'37 111
21)3
11)7
race 010, \Vetherell.
22'80 0'57 2'36
2'27, Vaux.
27'55 335, Baer.
42'57 O'77
Websky.
31'Sl 2'51
\Vchsky.
3344 1'56
Websky.
321)7 2'69
\Vebsky.

No. 13, the Breckenridge cannel, of hancock County, Ky., consists, when the ash is
excluded, of carbon 82-36, iiydrneit 7-8.1, oxygen 71)5, nitrogen 2-7r) ; and the Bog head
cannel of Scotland, called also (v,r/,anhte, contains carbon 80'39, hydrogen 11 -19, oxygen
741, nitrogen and sulphur I :n.
The "Mineral charcoal '' differs little in composition from ordinary bituminous coal
there is less hydrogen and oxygen. Uownev obtained, for that of Glasgow and Fifeshire,
carbon 821)7, 74'Tl. hydrogen 8'34, 274, oxygen 759,
ash 01)8, 14-86. The
nitrogen is included with the oxygen ; it anu)ulIte(l (110-75 per cent.
t i ( ; lasgw charcoal.
Exclusive of the ash, the composition is, carbon 880, 87-78,
hydrogen 3-56, 3-21, oxygen
and nitrogen 728, t)'Ol.
The oxygen in a coal, which, as the table shows, varies from about 10
pound, to 15 in
a hundred in the ordinary bituminous coals, is so nmueh waste material as far as the
heating purposes of the coal are concerned, because the atmosphere is at hand to supply
all that combustion requires. 'I'hie moisture also causes loss of heat, because of the
amount required to evaporate and exju'l it.
The following are other analyses f a iii Ii racil and bituminous
coal ; they are a few
from the many by McCreath, of the Pennsylvania
Geological Survey. The amount of
volatile hydrocarbons is given in the seemed enlumna.
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Sp. gr.
1617
1031
1575

Anthracite, Mammoth
Bituminous, Waynesbnrg
Pittsburg
44

Preeport Upper
ruttanning Upper

Vol.
3"08
427
438
88"30
3468
37.74
2520
3722
29"68
2577
2391
39"22

Fixed
Carbon
8638
83'81
8327
4897
4D59
54.53
0552
5601
6377
7022
6453
569

663
Sulphur
050
064
073
273
127
1-50
225
098
1"72
062
479
067

Water Ash
412
592
3O9
818
342
820
1'04
897
127 1319
173
4"47
127
57
104
415
O70
413
080
259
077
300
271
1,81
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It is found that the Pittsburg coal affords 00011 to 01248 per cent of phosphorus,
which becomes 00018 to 02008 in the coke. Other analyses are given in the
Geological
Reports of Ohio, Kentucky, Indiana, Illinois, etc. It is useless to cite further from them,
since the variation is very large in a single bed as it is traced over the country, and the
state reports should be referred to for details.
The Arctic coal, of Grinnell Land (81° 43' N. and 64° 4' W.), is good caking bituminous
coal; it afforded R. J. Moss, on analysis, carbon 7549, hydrogen 560, oxygen and
nitrogen 989, sulphur 052, ash U49, water 201= 100 (Proc. R. Dublin Soc., 1878).
The ordinary iinpur(ties of coal, making up its ash, are silica, a little pot
ash and soda, and sometimes alumina, with often oxide of iron, derived
usually from sulphide of iron (pyrite or marcasite), besides, in the less pure
kinds, more or less clay or shale. The amount of ash in the selected coal
does not ordinarily exceed 10 per cent, but it is sometimes 30 per cent; and
rarely it is less than 2 per cent. Thin layers of pyrite are rather common,
and occasionally a bed of other ores of iron is intercalated.

Wormley gives the following analyses (besides others) of the ash of two coals, one
from the Youghiogheny, in western Pennsylvania, and the second from Pigeon Creek,
Jackson County, Ohio : Silica 4910, 3740, alumina 3860, 4077, sesquioxide of iron 368,
973, magnesia 016, l(O, lime 453, 027, potash and soda 1-10, 1-20, phosphoric acid 223,
O51, sulphuric acid O07, 1-99, sulphur (combined) 014, 008, chlorine trace=0961, 9964.
The fact that there is too much sulphur in the Ohio coals for combination with the iron
present is shown in the following table, containing some of his results Sulphur in the coals
Iron in the coals
Sulphur required by the iron

057
0075
0086

118
O742
0848

200
0425
0486

001
0122
0139

0"80
0.052
OO6

The source of the impurities is impart the vegetation of which the coal was made,
which is shown on page 74 to be sometimes large, even as regards silica and alumina, the
constituents of a clay, and large also for calcium carbonate and potash.
According to the average composition of Lycopods, the dried plant affords 5 pounds
of ash to 100 of the plant, and 40 per centof this is alumina and silica (27 alumina and 13
silica), and hence these two ingredients make up 2 per cent of the plants. Ferns, with
the same amount of ash, afford, as the average, 27 per cent of silica, with no alumina.
Equiseta afford, on an average, 20 per cent of ash, and 60 per cent of this may be silica.
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etc.) afforded one half the material
Supposing, now, that Lycopods (Lepitloclendrids,
rest, and that the silica and alumina of the
of the coal-beds, and the other plants the
latter
of
the
only 27 per cent, this being all silica, then
former averaged 40 per cent, and
would be 1,66 per cent of the
the amount of these ingredients afforded by the vegetation
amount of silica and alumina, in the
whole weight when dried. This would make the
bituminous coal made from such plants (supposing three fifths of the material of the wood
the whole amount of
lost in making the coal, as estimated on page 713), 4 per cent; and
would be nearly
the
ratio
of
silica
to
alumina
ash about 475 per cent. At the same time,
3 to 2.
Now many analyses of bituminous coal have obtained not over 3 per cent of ash, or
kinds, reaches 45 to
impurity, although the general average, excluding obviously impure
northern
half
of
Ohio,
512,
and for the southern
the
coals
of
the
6 per cent; being, for
half, 472.
It hence follows that (1) the whole of the impurity in the best coals may have been
derived from the plants; (2) the amount of ash in the plants was less than the average in
modern species of the same tribes; (3) the winds and waters for long periods contributed
almost no dust or detritus to the marshes; and (4) the ash, or else the detritus, was
greatest in amount toward the borders of each marsh-region. In that era of moist climate
and universal forests, there was almost no chance for the winds to gather dust or sand for
transportation.
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In rare cases, an occasional bowider or rounded stone has been found in
E. B. Andrews
a coal-bed, as well as in other layers of the Coal-measures.
describes one of quartzyte, lying half buried in the top of the Nelsonvifle

coal-bed, at Zaleski, Ohio, which was 12 and 17 inches in its two diameters.
F. H. Bradley reports one, also of quartzyte, about four by six inches, found
in the middle of the coal-bed mined at Coal Creek, East Tennessee.

These

may have been dropped from the roots of floating trees, as has happened t
masses of basaltic rocks occasionally found upon the coral atolls of the Pacific.
Sulphur also occurs, in some coal-beds, as a constituent of a resinous sub
stance; and Wormley suggested that part of the sulphur in the Ohio coals
is in some analogous state.
The mineral oil and gas of western Pennsylvania come wholly, or nearly
so, from Chemung beds of the Devonian - not from the Carboniferous (page
606).
2.

Iron Ores. -The ore-bearing layers of the Subearboniferous and Carbon
iferous series occur in connection usually with the beds either of limestone or
of shale, but sometimes with the sandstone and coal-beds.
As these ores are

more or less impure from mixture with clay, they are called clay-ironstone.
The
limestones often contain iron carbonate
(siderite)- a gray ore, stone-like in
of
aspect,
specific gravity 3"7 to 3'8. It occurs either in solid beds, from a
few inches to two or three feet in thickness, or in nodules, or "ball ore,"
more or less united into a
The same limestone often contains also
layer.
nodules of another valuable ore, limonite
(l)age 71), the ore which affords a
brownish yellow powder, though often brownish black to black in outside
color.
This limonite has
frequently been made by the oxidation of the
siderite. The Ferriferous limestone,
just below the Kittanning coal-bed, con
tains both of the ores mentioned.
The limonite in nodules, or as a "ball
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ore," is common also in beds of shale, in layers of a few inches to a foot or
more in thickness, and sometimes forms beds beneath the fire clay that
underlies a coal-bed. Another kind of clay-ironstone is hematite or iron
sesquioxide, looking usually as stone-like as the preceding, but distinguished
by its affording a red powder. These ore-masses are often siliceous, from
disseminated silica, and therefore very hard.
These ores, but especially the first two, are a very important source of
iron in coal regions. The nodules are of concretionary origin; that is, were
made by the concreting together of iron oxide from iron-bearing salts carried
down into marshes, and are not transported stones rounded by friction.
3. Clay-beds. -Abed of fire clay has been mentioned as usually underlying
a coal-bed. The clay varies in purity on one side down to sandy clay, or to
carbonaceous shales, and on the other to the purest of white clays, valuable
for making pottery, fire-brick, and tile (see page 81). The thickness of the
beds varies from a few inches to sometimes half a dozen feet.
They are apt
to be more or less discolored by iron-oxide, so as to make cream-colored
instead of white pottery; and sometimes the bed overlies a bed of iron ore,
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and is pure white only at top.
The very common presence of pure white clays in the Coal-measures is a
consequence of the production of carbonic acid, and also of organic acids, by
the vegetable decomposition that goes on indefinitely in the plant beds. The
sediments, whether of sand or mud, contain more or less feldspar; and the
action of these acids on the feldspar removes the alkali and produces the
clay (page 129). The clay so made will be at first colored by iron oxide, if
any iron-bearing mineral is present (the common fact); but the vegetable

decomposition going forward results in partly deoxidizing the iron oxide
(reducing it to FeO); and then the iron in this state is taken up by the acids
and carried off in solution (page 124) until the blanching in many cases is
complete through part or all of a thick bed. The abundance of carbonic acid,
set free under the conditions described, accounts also for the very frequent

occurrence of iron-carbonate (or siderite) mentioned above.
The presence of potash or soda in the clay is probable evidence of the
over 7' per cent of it to 1 per cent
presence of undecomposed feldspar, and of
of the alkali - a point of geological as well as economical interest; for such
fire clays, and therefore are not suitable for
clays are fusible and not properly
On
fire brick.
The presence also of lime and iron gives the clays fusibility.

Ohio clays, see Ohio G. Rep., v., 66.
4. Salt. -Saline waters have been obtained in many regions from borings
down to the Carboniferous strata, but usually they are only saline enough to
In Michigan, strong brines are supplied from the Sub
be spoilt water.
carboniferous beds, and they are used for the manufacture of salt in the
The same beds contain extensive deposits of gypsum.
Saginaw valley.
In Ohio, productive brines come partly from the same horizon. Those of
Kanawha in West Virginia are from the lower part of the Coal-measures;
and Kansas beds of the same period have been found to afford brines.
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LIFE OF THE CARBONIFEROUS PERIOD.
PLANTS. -Forests and jungles made of Cryptogams of the tribes of Ferns,
with Gymnosperms related to the Cycads and
Equiseta, and Lycopods, along
Yews, and covering interminable marshy plains and fields, were the striking
1031.
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I..

Carboniferous vegetation.

Russell Smith.

feature of the coal era.

Though desolated again and again, either universally
or partially, by the returning waters, and over the large submerged areas kept
desolate for many centuries or series of centuries again and again, the ver
dure in all its luxuriance spread over the emerging land, with little change

in the foliage, for other times of luxuriant growth and of peat-making.
Only
toward the close of the era, when the Perinian period was commencing, had
the forests lost the larger part of their great trees of the tribe of Lycopods.
Unlike the present world, there were no Angiosperms and no Palms.
It
is not positively known that there were Endogens of
There was
any kind.
With
certainly no grass over the fields, the most common of Endogens.
Angiosperms and Endogens absent, there were no conspicuous flowers, no
beautiful foliage except that of the Ferns and fern-like trees, and no fruit
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and 110 fragrance btit that of Conifers and Cycads.
Even Mosses, so common
in modern s\vaiups, and the chief source of modern
peat, have left no evi
dence of their prusellee.
A general idea of the vegetation and
scenery of the era during its periods
of verdure may he gathered from the
accompanying ideal sketch (Fig. 1031),
from a painting 1 y Russell smith.
The tree to the left of the center,
and others with similar palm-like
tops, are the Tree-ferns ; and smaller Ferns
Make up much of the 1'01og1()uhld. The other trees are
Lycopods, the Lepi
(lOdePdrj(/.'.
and one bare
iO;_.
trunk to the right is that of
a. Sl(/ilhHui. ( )tiier straight
stems with leaVes (or branchlets) at regular intervals are
the Equiseta or Caiam?tes.
rf1l(
Cvcd-iik
Cordaites,
with

their

long strap-like
ith pm ohihiy otheis
haviii- almost the foha-e of
i-tree, Should have been
iii the view ! for they added
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largely, as Lesqitereux and
others have stated, to tile
forest trees.
But of other
Gymnosperms, the so-called
Coiiifers, there are few hid*

i. X.

may have been, commoii over
the drier fields aii(I hills.
Fmets niade of time Equi
seta amid Lycopoils of to-day
Would hardly overtop a man's
head. They woul(l be simply
" Horse-tails
slirulJl)ery of
and ' Ground Pines." rplle

L 1
Extremity of a branch of Lephlwkndron, with the leavesattached.

height of the largest modern Lycopod is five to six feet; that of the ancient,
60 to 90 feet.
In llal)it and in foliage they were much like the Spruces and
Pines of time present day, time length of the leaves varying greatly, as illus
trated in Fig.
The Equiseta of tile piesent time are slender,
herbaceaus 1)lmflts, with hollow stems ; while tile Calaniites of the Carbonifer
ous marshes jimeluded species having partly woody trunks, a diameter of 3 to
10 inches, and a height of 00 or 40 feet. Ferns now grow into trees in tropi
cal and warni teniperate climates, but only small trees, and l)OOF in wood.
compared with some in the coal era..
\\rhiile tile terrestrial vegetation was thus abundant, seaweeds after the
old style were still in the waters. The Spirophylon Caildagulli of the Lower
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Devonian, or a related species, is common in some portions of the Pottsvile
conglomerate in Kentucky and elsewhere.
The Lepidodendron trees had the
1. Vascular Cryptogams. - Lycopods.
exterior embossed with oblong scars, as in Figs. 1033, 1034, and 1036.
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1033.

1033-1035.
1034.

1035.

Fig. 1088, Lepldodandron aculeatuin; 1084, Lepldodendron clypeatum; 1085, Halonla puichella. Mg. 1088,
1084, 108, Lesquereux.
Fair-child;
Leaves like those of the Spruce or Pine occasionally occur on the fossil stems
(Fig. 1040); and in some foreign specimens of L. Sternberg(i Brgt., from Aus
trian coal-beds, they are over a foot long, and as closely crowded on the
branches as in any modern pine. The Lycopodium clendrokieum of modern
forests, if magnified largely, would give a good idea of the asDect of the
1036.

1036-1038.
1037.

1038.

ft. 1086, Lepldodondron Voltiielmanum; 1087, SIgillarla Sllhiuiaiii; JOBS, S. I'Ittstomuia.
trees.

Lturtux.

The cones of Lepidodendrids were
long, and much like those of a
living Lycopod, and are referred to limier the name Lepido.trohu.s, and the
leaves of the cone under that of
The stems, called LycopoLepidophyilunt.
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dites, are slender, small-leaved, and much like those of
Lycopodium dendrodeum, though often large. The Halona,
Fig. 1035, is a decorticated stem or
rootlet of uncertain relations. Two species of
Sigillaria are represented in
1037,
1038.
The
Figs.
figures show that the sears are peculiar in having at
the center a dot, and a short convex line either side; the exterior of the stem
is generally vertically banded or costate, as in the figures.
1030-1044.

1030.

1040.

1042.

1044.
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.

1041.
1043.
"

LycoroDs. - Fig. 1039, Lipii1utrobtis liitstatus (or cone of a Lopidodendron) ; 1040, Lepidodiidron Inuceolaturn, Lx.; 1041, Stlgmarla. SCARS OF TREE-FERNS. -Fig. 1042, Stommatopteris punethta (x4); 1043, Moga
phyton MeLayl; 1044, Cyathea compta. Figs. 103l-1043, LesquerolLx; except 1041, Dawson.
In both Sigillarids and Lepidodendrids, the appearance of the scars of
the same species varied much, with age; moreover, the same scar is wholly
different in form at the surface from what it is below, as Figs. 1037, 1038
The trunk, while woody and firm outside, consisted inside mostly
illustrate.

of cellular tissue, with usually a very large pith along the center; and hence
Such hollow stumps, filled with
the stumps easily became hollow by decay.
sand or clay, are common in the Coal-measures; and sometimes there remain
scarred exterior.
only casts of them in sand having a

670

HISTORICAL GEOLOGY.

One of the cones of a Lepidodendrid from Pittsburg, Pa., is represented
in Fig. 1039.
roots or under-water-stems
of
The Stigmariw, which were either
were often large, many of the fossil sterns
Sigillarids or Lepidodendrids,
in diameter.
Fig. 1041 represents a portion of a
being four to six inches
When perfect, each scar was
stem, with its rounded impressions or scars.
the base of a long and slender leaf-like appendage.
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1045-1048.

(1)

FzEI8.-Fig. 1045, Odontopterls 8chlothelmt ; 1016, Alethopterls lonehltka; 1047, Snopter1 (Ilymeno.
phyliltes) ilhidrethl; 1047 a, portion of the same, enlarged ; 1048. Sphenopterls Oravcnhorstll; 1048 a, portion
of the sane, enlarged. Figs. 1045-1047, Lesqtiereiix ; 1048, Brongnlnrt.
Ferns. -Two of the
large scars of stems of Tree-ferns are shown in
Figs. 1042,1043; and, for comparison, one from a modern Tree-fern (resembling
the tree to the left in the sketch,
page GGG) is represented half-size in
1044.
The trunks of Tree-ferns consist within of
Fig.
vertically 1)licated
woody plates, with more or less cellular tissue between, and not of ('oneentric
rings. The twisted plates are sometimes well shown in a transverse section
of a fossil trunk from the Coal-measures.
The variety of Ferns was
Some of the more common forms
very large.
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are represented in Figs. 1045 to 1052. The
genus Neuropteris (Figs. 1049,
1050) is one of the most abundant in species. The basal leaves (Figs. 1050,
1052) vary widely in form in the same species, and are sometimes delicately
fimbriated.
Odontopte,is (Fig. 1045) has many species; and so also Alet hoptens (Fig. 1046), Sphenopte,'i
(Figs. 1047, 1048), and Pecoptenis (Fig. 1051).
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1049-1051;.

FERNS. -Figs. 1049, 1049 a, Neuropteris Loachil, parts of the same leaflet; 1050, Nouropterls hlranta; 1051,
Pecopteris arborescons; 1051 a, a portion of the same, enlarged ; 1052, basal leaf of Nouropterls tonulfolis.
EQUISETA. -1058, Asterophyllltes equlsetlformis; 1058 a, the same (?) with sporangia at the axils of the
leaves; 1054. A. subliuvls; 1055, Cnlamltos canninformis; 1055 a, surlhco-markings ofsame, enlarged. -Fig.
1056, Sphenophyllum Schlotheiml. Figs. 1049-1054, 1056, Lesquorou; 1055, Brougnlart.
Equiseta. - The more common Equiseta of the Coal-measures are
species of Ualamites, as in the Devonian. One of the jointed, delicately
fluted stems is represented in Fig. 1055; and the junction of the flutings of
the surface at a joint, in Fig. 1055a. The Asteropki,iiites (Fig. 1053) and An
nularue are sometimes branches of the same plant, the former occurring toward.
its base.
Fig. 1053 a shows the sporangia at the base of the leaves.
Fig. 1056 represents a common species of Sphenophyllum; the name
alludes to the wedge-shaped leaves; W. C. Williamson states (1894) that the
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in fructification to the Lycopods or Equiseta, or to
species are not related
any known group of Cryptogams.
2. Gymnosperms of the Order of Cycads. -The character and fruit of
Gordaites has been well illustrated by Lesquereux froLu specimens obtained
at Cannelton, Pa.

Fig. 1057 shows the Cycad-like foliage; and Fig. 1057 a
1057.
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1057 a.

Pig. 1057, CordalteB costatus; 1057 a, fruit, with a portion of the attached stew.

Losquoreux.

represents fruit which occurs at the same locality, and is found there so
closely associated with the leaves as to be probably of the same species.
Lesquereux figures the leaves and fruit also of C. Maisfie1di from this
locality, a species with much broader leaves, and nuts of a smooth

obovate form, 2+ inches
long.
The Sigillarids are referred to this division of the
Gymnosperms by Re
nalt and Dawson, but to the
Lycopod tribe by Williamson and most authors.
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The fruit of Cordaites
(Cordaicarpus) Giitbieri is represented in Fig. 1062.
105S U
11
(I
/

1058-1061.

1058b

1060

10580

4
H

I
1061

11101(1
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Fntjrre. - Figs. 1058 a, b, c, Trigonocarpus tricuspidatus; a, the exterior husk or rind; b, the nut separate from
the rind; c, kernel; 1059, nut of Trigonocarpus -?; 1060, T. ornatus; 1060 a, vertical view of summit,
showing the ribs of the surface; 1061, Cardlocarpus bicuspidatus. Newberry.
The Gordaites had a large pith, like that named Artisia and
Sternberyia, as
figured by Lesquereux on plate lxxxi. of his Pennsylvania Report. The generaLepidoxylon, Dicrano1066
1062-1068.
i
phyllurn, Tcenioph?Jllum
are related to Cordaites,
106'r
and probably others in
which the pith is large.
3.

Gymnosperms related to the Yews. -The
other Gymnosperms of

kX

1065

1008

the era,

usually called
Conifers, were probably

related to the Taxineie
or Yews, which have
fruit

instead of TTh

single
cones, and vary widely
in foliage, the leaves
sometimes broad, and
Fern-like.
occasionally
From such trees came

'
,,
fL
106s

1Ot4

f
ç
-

/

\\/ i(

,
\1N1

.
/

....
probably the fossil nuts,
/
"i
as suggested by Hooker.
- U
The above figures are
from Newberry's Ohio Fnurre. -Fig. 1062, Cordalcarpus Gutbleri;1068, Cardiocarpus elongatus; 1064, 0. samarformIs.; 1065, C. blsectus; 1066, Botryoconus
Fir. 1058 repiRenort
(Antholithes) Pitcairnile?; 1067, B. prlscus; 1068, Cordalanthus, flow
resents one of the threeor (fruit?) of a Cordaltes. Fig. 1062, Lesqucroux; 1068, 1064, 1066
1068, Newberry; 1065, Dawson.
sided or six-sided fruits,
called Trigonocarpus: 1058 a, the husk; b, the nut; c, the kernel.
DANA'S MANUAL-43

Fig. 1059
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is the nut of another species. Figs. 1063 to 1065 represent species of Oar
the fruit of the anomalous Gymnosperms of
diocarpus; they resemble
The peculiar but beautiful fan-shaped
Africa, Welwitschia (page 435).
leaves, named TVhittleseya elegans by Newberry, are of unascertained relations.
to be fruit of Gymnosperms, in different stages
Figs. 1066, 1067 are supposed
of development; and Fig. 1068, fruit of doubtful species.
flowers or leaf-buds,
Figs. 1066, 1067 have the forms of half developed
and were called Antholithes by Newberry. They are referred to the Conifers
by Grand' Eury. Lesquereux regards Botryoconus priscus (Fig. 1067) as a
more advanced stage of B. Pitcairniu. Fig. 1068, Aiitkulitlies of Newberry,
is the fruit or flower of a Gordaites, according to Lesquereux.

ANIMALS. -The animal life of the Carboniferous period included, besides
marine Invertebrates, terrestrial Mollusks, and a large variety of terrestrial
Articulates, as Insects, Spiders, Myriapods; and, among Vertebrates, besides
No evidence
Fishes and Amphibians, a higher range of life, in true Reptiles.
has been obtained of the existence then of Birds or Mammals.

R.hizopods. -Shells of Rhizopods, of the shape and size of a kernel of
wheat, belonging to the genus Fusulina, Figs. 1069, a, are common in some
of the shales and limestones of the Mississippi valley and beyond,
1069.
in Illinois, Kansas, Utah, New Mexico, California, and elsewhere.
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1.

In British Columbia, on Fraser's River, at Marble Cañon, the
Fusulince, of a thick limestone, are associated with a very abun
dant arenaceous Rhizopod, of an inch long, shaped like an

-kLl
Fusuilna cyUnddca; a,
end view.
2.

elongated shot, which has been referred to the genus Loftusia,
In Europe the Fusulime are found
and named L. Columbiana.
in Subcarboniferous beds as well as in the Carboniferous and
Lower Permian.

Actinozoans and Echinoderms. - Corals, seldom abundant, are of the

genera Lophophylluni, Zaphre tis, Lithostrotioi, and others.
Lophopliyllum.
occurs
in
shales
over
coal
roof
at
proiferurn MeChesney
Springfield, Ill.
Crinoids are few compared with those of the Subiarboniferous ; Illinois has
afforded about a dozen species; and Missouri others.
In Nevada, Arizona,

New Mexico, Nebraska, etc., have been found a few Echinoicis of the genus
Archceocidaris.
3. Molluscoids and Mollusks. - The Brachiopods are similar in genera to
those of the Subearboniferous, though partly of new species; and the same
is true in the main of the marine Gastropods, Lamnellibranclis, and Cephalo
pods. Some of the characteristic species are here figured: a characteristic
Productus in Fig. 1070, a Ghonetes in 1071, and
Gastropods in 1076 to 1080.
But besides marine
Gastropods, the Coal-measures have afforded the
first known of terrestrial shells. One of the small laud-snails, or Pulmonates,
is represented, a little enlarged, in
a species found in the Nova
Fig. 1081,
Scotia Coal-measures, and described
by I)awson; and Figs. 1082, 1083, from
F. H. Bradley, show the forms of two others from
Illinois.
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Among the Cephalopods, the Nautiloids, as Hyatt observes, reach their
greatest expansion in the Carboniferous period. They include species of
1070-1073.
1fl7.
_-- -

IoTo

f_7

1073

I
Ba&omoPoD8. -Fig. 1070, Productus Nebrascensis; 1071, Chonotes mesolobue; 1072, Spirlfer cameratus; 1078,
Sonilnula (Athyrls) sabtillta. Fig. 1070, Hail; 1071-1078, Meek.
1074-1075

1074
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107.5

-

LALBLLtBRANOIIS. -Fig. 1074, Macrodon carbonarius; 1075, Ailorisma subcuneata.Fig. 1074, Cox; 1075, Meek.
1u

1076-1080.
1117,

1u77

L)I

1O9

m()
'If

ee_
GASTROPODS. - Fig. 1078, Pleurotomarla tabulata; 1077, Bellerophon carbonarlus; 1078, Plourotouiarla sphnrn
lata; 1079, Macrochollus (?) fustformis; 1080, Dentailuin subhnve. Figs. 1076, 1077, de Konlnek; 1078-1080,
Hail.
Orthoceras, C cloceras, Phacoceras (P. Dimb1i Hyatt - Figs. 1084, a. reduced
one half), Temnochilus (T. crassum Hyatt, Fig. 10S), and a number of genera
with longitudinal ridges and keels, as in. the Trigolloceratida.
There are
also species of the Goniatites group.
4. Worms. - Sea-worms or Annelids have been supposed to be represented
by a small coiled shell, referred to the genus Spirorbis, found attached to
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The specimen figured is fioiii
the leaves and stems of submerged plants.
Nova Scotia (Dawson).
They are reported also from the Pennsylvania
Coal-measures.

1081-1085.
11)82.

1081.

1084 a.

1084.

0
10t:.
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1085.

PULMONATE GASTROPODS. - Fig. 1081, Pupa vetusta (x ); 1082, P. Vermillonensls; 1088, Dawsondlla Meek].
NAlrrn.on CEPHALOPODS. -FIgs. 1084, a, Phacoceras Duinbil (x ); 1085, Temnochilus crassuin. Fig. 1081,
Dawson; 1082, 1088, F. H. Bradley; 1084, 1085, Hyatt, '90.
5. Liinuloids. -Species of the
group of Eurypterids were common.
Specimens of one of them, four to ten inches
the
long,
Euriipterus Man.'!fieldi of
C. E. Hall, are found in the shale below the Darlington cannel
1086.
coal, near Canneltori, Pa., laid out
among Ferns and Calamites,
a represented in
The species probably lived in fresh
Fig. 1097.
water marshes and ponds.
In addition, the modern tribe of
Limulids had its species: one from Morris, Ill.,'is represented ill
Another species, Gycills Americanns of Packard, had
Fig. 1088.
an
even,
Spirorbis
nearly circular outline, without a telson, and closely
carbonarlus.
resembled an embryonic Llmuhis.

6. Crustaceans.
Trilobites were rare, and of the genera P1iilhiJ)sia, Grt
fithides and Brachymet opus.

Under Crustaceans there were also various
species of modern aspect,
represented in Figs. 1089 to 1091, the latter two, if not all three, true
Decapods. The Myriapods were
mostly related to the inferior Iuliis tribe
-nearly cylindrical species (as Figs. 1092, 1093)
having often two pairs
of legs to a body
segment. But in one species, the P&ocainpa anthrax of
Meek and Worthen, from Illinois, the
body had but 10 segments; and on its
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back were tufts of minute spines, so that it looked much like some cater
pillars.
7. Arachnids. - Among Arachnids, there were
Spiders (Fig. 1095) as well
as Scorpions (Fig. 1094).
1088.
1087.

)

\\
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Fig. 1088, Prestwlchla Dana. Meek and
Worthen.
All the species represented in
Figs. 1089-1093 are from the
Coal-measures at Mazon Creek,
in Morris, Ill., where they occur
in the centers of concretions, and
were the nuclei about which the

i
Fig. 1087, Euryptorus Mansfield!. 0. E. Hall, '77.

concretions were formed. Thus
entombed, they were safe against

removal by infiltrating waters.
-,nIL,-.
.Liie i.-.i:
101 cL11ty i
has afforded I(
.LO

species of Myriapods and nearly
a dozen kinds of Spiders, besides Scorpions.

8. Insects. -Insects are found at Morris, under the same conditions
(besides Ferns and other plants), and in the shales of the Coal-measures
elsewhere.
The Neuropter-like, or Neuropteroid, species are common (Figs.
1096, 1097)3 and still more so the Orthopteroid, and especially those of

Orthopteroids related to the Cockroach, a wing of one of which is shown in
Fig. 1098; and less abundantly the species related to the modern Phasina
Scudder enumerates in a recent
and Locust, the Protophasmids (Fig. 1099).
paper 133 American species of Coal-measure -Cockroaches from the Coal
measures of the Continent, pertaining to 14 different genera, and nearly all,
Of these, 56 species are from the Waynesburg
are of his own describing.
coal-bed at Cassville, W.Va., where the beds are Permian, according to
I. C. White; 12 from Providence, RI.; 22 from the Lower Barren Coal-
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measures at Richmond, 0.; 7 from Pittston, Pa., and as many from Cannel.
ton; 17 from Illinois, 5 from Missouri, 1 from Arkansas, 1 from Kansas, 1 from
Nova Scotia, and 3 from Cape Breton; and only in one case has a species
1IoI

1089-1093.

-

1'Juz.

1091.
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1093.

OanBTAOE&Ns. - Fig. 1089, Acanthotelson Stimpsont; 1090, Pa1nocarls typus (xS); 1091, Anthracopoliemon
gracifis. MrBJ.APODS. -1092, Xylobius slgiUarI(e; 1098, Euphoberla arwigera. Figs. 1089-1091, 1093,
Meek and Worthen; 1092, Dawson.
1095 a.

e~

1094-1095.

c5:5

6
AIAomms. -Fig. 1094, Eoscorplus carbonarlup.; a, one of the combs; 1095,
Arthrolycosa antI1iiti a, profile,
showing the elevation of the cephalothorax and the position of the lags. Fig. 1094, Mock and Worthon, '68;
1095, Baecher.

PALEOZOIC TIME - CARBONIC.

679

been found at two localities.
All of the great marshes of the Continent
appear to have been infested by Cockroaches. Probably the Neuropteroids
were equally numerous, although less common as fossils. The Insect fauna

1096.

''

1096-1099.
1098.

1097.

.)J 4
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1099.

NEiyaopTnom hisEors. - FIg. 1096, MIamla Bronsonl; 1097, Gerarus Dana. OaTnop!ritoma. -Fig. 1098,
Etoblattina venusta, anterior wing; 1099, PaolIa vetusta (xe). Fig. 1096, D.; 1097, Boudder, '68; 1098,
Losquereux; 1099, 8. I. Smith.
was also remarkable for the large size of many species. A Protophasmid
of the genus Hopiophlebiu?n of Scudder, from Cape Breton, related to the
Locust, had an expanse of wing of seven inches.
In a Neuropteroid of the
breadth
of
a wing was two inches,
genus 3fegathentrnnurn, from Illinois, the
and the length over three.
No Beetles (Coleopters) had been found in the
American Coal-measures up to 1894. The absence of Butterflies and all
Lepidopters, and of Hymenopters and Dipters, is considered certain.
9. Vertebrates. -Fishes. The class of Fishes in the Carboniferous included
only Selachians and Ganoids; and the Ganoids had still the ancient feature of
vertebrated tails.
Two of these Ganoids, one of them, a Clacanthns, having

the vertebral column extending along the middle of the tail, the other, a
Eurjlepis, are illustrated in Figs. 1100, 1101; they are from a black, very
carbonaceous shale, at Linton, Ohio, which abounds in Fishes, and has
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afforded Newberry nine species of Earylepis, three of (jalaccn(1j,is, and a.
Palceoniscu, besides some Selaeliiaii remains.
A Selachian tooth from Illinois, related to the Petalodus from the SubPart of the
carboniferous, is represented of reduced size in Fig. 1102.

1100.

1100-1104.

1103.

1102.
p
Il01.

N

1104u.

1104b.

eo~A
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Giows.-FIg. 1100, Eurylopis tuborculata; 1101, Co1acanthus elegans. SELAOL1[ANS. -Fig. 1102, l'etalodug
destructor; 1103, fin-spine; 1104 a, b, dermal tubercles of Petrodus occidentalls. Figs. 1100-1102, Newberry;
1103, F. H. Bradley.
lower jaw of a (Jestraciont Shark, named by Newberry and Wortlien after
Agassiz, is represented of reduced size in Fig. 1105; the actual length
of the specimen was nearly 24 inches, and the estimated length of the Shark
1105.

CESTR&OIONT SUARu. -Agassizodus vailabills (xe).

Nowberry and WorLIwii.

15 to 20 feet.

The teeth of the species have been found in the Upper Coal
measures of Kansas, Illinois, and Iowa.
A mouth so paved was a most
effective crushing organ.

Fin-spines of Sharks occur of many kinds and sizes.
A portion of a
small one is represented in Fig. 1103.
tFIi' bony tiihereles, Figs. 1104 a,
were found with the spine, and are
supposed to he from the surface of the
body of the same Fish.
Large spines of species of Edp,qtu, having one edge anne(l with great
teeth, as in Figs. 1106, 1107, have been found in the Coal-measures of
Indiana, Illinois, and Arkansas.
in E. minor of Newberry, Fig. 110 7, the
teeth are nearly two inches
long, and in E. qiganleus Newlicrry, Fig. 1106,
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nearly three long and two broad. The figure of the latter represents,
reduced, only a small portion of the specimen; as figured by Newbeiry the
spine has five teeth; when entire it was probably 18 inches in length, and
occupied, along the body of the Shark, according to Newberry, the place of
the posterior dorsal fin, it could thus rip open its prey when swimming
underneath it, and slash effectually in defense.
Amphibians. -Besides footprints, which thus far are the only evidence
of Amphibians in the Subearbouiierous, the Coal-measures have afforded
1100-1107.

rK

L
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FIN-arisEs OF SHARKS. - FIg. 1106, Edestns glganteu8; 1107, E. minor (each x&).Newberry.
remains of skeletons.
They show that many of the earlier kinds were much
like their predecessors, the higher CTanOicI and Dipnoan Fishes, in having a
bony cranium instead of one with large open spaces and little bone, like the
modern Frog; and in allusion to the weil-roofed head, they are called Steqocephs
Among modern Amphibians only some snake-like kinds have a
by Cope.
similar cranium. They are also like the Fishes in their teeth, the most of
them having the enamel inflexed along the surface grooves, producing the
Labyrinthine texture which sngested for the species the name of Labyrintho

Further, they generally have biconcave vertebre, like Fishes.
Moreover, the Amphibians occur of all grades from (1) Snake-like forms
without limbs, to (2) those with feeble swimming organs ; and thence to
(3) the four-limbed species of various sizes, up to kinds as large and formid

donts.

able as Alligators. It is interesting to note also that the feet have five toes
of bones.
(or less), and the fingers the modern number
The Coal-measures of Ohio, at Linton, afforded Newberry numerous

682

HISTORICAL GEOLOGY.

added to the number.
Of the snake-like
specimens, and other regions have
with feeble limbs, Colic has made out
species, part without limbs, and others
over a dozen species from Linton.
Phiegethontia i/n ear/s of Cope had no limbs,
and the proportion of a Whip-snake; and Molgophis macr,rus was nearly

One of these nearly snake-like
of the size of the common Rattlesnake.
species, Ptyon ins serru.ia of Cope, is represented in Fig. 1112; it had hind
limbs, but no fore-limbs. A four-limbed, Salamander-like species, Pel/on
Lyelii, from Linton, described in 1857 by Wyman, is shown in Fig. 1109; and
in Fig. 1108, another species, the Aniphibamus grancliceps of Cope, from
Illinois.
Leptophractus obsoletus Cope, from Linton, of Alligator size, had
stout teeth three fourths of an inch long.
Nova Scotia has afforded species of Deiidrerpeton and Ilyierpeton of Owen,
and, of Hlonomus of Dawson, the last peculiar in having a slender head.
The Nova Scotia species come mostly from the South Joggins, where they

were first discovered by Lyell and Dawson in 1851. They were found in
the sandstone filling the once hollow trunks of large Sigil1arie, along with
land-shells (Pupa vetusta, Fig. 1081) and Myriapods (Xyiobius sigillarice,
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Fig. 1092); and leaves of Ferns and Cycads, and this mode of occurrence
suggested the name Dendrerpeton (or tree-reptile). The conditions appear
to show that the hollow stumps, the poor pithy wood of which had decayed

as they stood in the marshes, were the resort of the Amphibians, and a
catch-place for other species of the wet region; or, that the shells were
the food of the Amphibians, as Dawson suggests, who states that he has
found, in the stomach of a recent Menobrancltus (.31. lateral/s Harlan), as
In
many as 11 unbroken shells of the fresh-water snail, Physa heterostropha.
1876, Dawson obtained at the Joggins, from a stump 18 inches in diameter,
remains of 13 Amphibian skeletons, pertaining
The
probably to six species.
Owen,
of
Nova
Scotia,
had
a
Baphetes planiceps
head 3 inches broad.
The South Joggins has also afforded, about 5000 feet below the top of
the Coal-measures, two biconcave vertebr
(Fig. 1111, with the cross-section,
1111 a), which are the basis of the species Eo.9aurus Acaclianus Marsh.
The
vertebrae resemble those of an Enaliosaur (Sea-Saurian, page 785), but, as
observed by Huxley, from his observations on the Anthracosaurus Russelii
of the British Coal-measures, and, as
recognized by Marsh, they probably
to
a
belonged
large Amphibian.

Footprints of Amphibians occur in the Coal-measures of Pennsylvania.
Indiana, Illinois, Kansas, and Nova Scotia.
Figs. 1113 to 1116 represent
tracks of four out of five
species described by Marsh from the middle of
the Coal-measures in
All are from one surface about 12 feet
Osage, Kan.
square. Between the right and left tracks in Fig. 1113, there is the im
pression of the tail. In the tracks of Dromopus, having long slender toes,
the phalanges or joints are
very distinct, and on account of the form, Marsh
questions whether the species may not have been Reptilian; but he
regards
the sweep of the foot in
walking, indicated by the lines between the two
tracks to the right, as
favoring Amphibian relations.
So many kinds of
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1108-1112.

1108.

1112 a

1112b.

/J

1112 C.

1112 d.

1100.

a
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1110.

1111a.

1

AMPIIIHL&NB. -Fig. 1108, Amphlbanius gramliceps (x 2); 1109, PeHon LyollI; 1110, Molgophts macrurus?;
1111, liii a, Ensaurus AcaIIanns, vertebra (x J); 1112 a, b, c, d, Ptyonlus serrula.Figs. 1108, 1109, 1110,
,1. Wyman; 1111, Marsh ; 1112, Cope.
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tracks on so small an area show that the Amphibians of the period were in
great numbers.

1113.
b
cP

1114.
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1115.

1116.

Q

?

Foorplinvra OP AxPnmwB.-Fig. 1118, Naopus caudatus; 1114, LImnopus vagus; 1115, Dromopus agilis;
1116, Baropus Jentus (x ?y). Marsh, '04.
LIFE OF THE PERMIAN PERIOD.
PLANTS. -The vegetation of the Upper Barren Coal-measures or Permian
strata of Pennsylvania and West Virginia (page 651), is characterized, as
shown by Fontaine and White, by the absence of Lepidodendruls; by the

rarity of Sigillarice, only two being known; by the large number of species of
Ferns (over 30) of the genus Pecopteris, some arborescent, and,
only a third

685
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of them known to occur in the Coal-measures, with other species of the
related genera Gy'nwgio.sa, Goniopteris, Gallipteridium, Gallipteris, and also
of Neuropteris, Spheiopteris, Alethopteris, Odontopteris; many species of the
Equisetum tribe, of the genera Sphenophyllitm, Annularia and Equisetites,
and the continuation of the Calarnites, G. Suckovi; also, the occurrence of
Cycads of the Permian genus Baiera, and of the remarkable Conifer of the
Yew family, of the new genus Saportua, whose leaves were nearly four inches
1117.

1117-1121.

1117 a.

1118.

I,.
U
MoLLusKs. -Fig. 1117, 1117 a, Pseudomonotis Hawni; Ins, Myalina perattenuat.a; 1119, Bakewellla parva;
1120, Pleurophorus subouneatus; 1121, an undetermined Gastropod. Meek.
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wide.

Only 20 per cent of the species have been found in the Coal-measures,
and over 25 per cent occur in the Permian of Europe, and the genus Cyrno
giossa is confined abroad to the Permian.
1122.

ANIMALS. -1. Brachiopods,
Mollusks. -Many of the com

mon Coal-measure species con
tinue on into the Permian.
Some of these are: Froductus
semireticulatus,

P.

,
57

Rogersi,
Spinier

Choiietes Flemingi,
cameratus, Seminula (Athyris)
subtilita; and with these are

others confined to the Permian,
as illeekelia (Otthisina) Shu?narciana. Productus Norwoodi,

I
A
/
4J

j1Ibnoiii Jialli, M. spelunca'ria,
if. vaniabilis, Pseudwnonot is
Hawni var. ovata (Fig. 1117),

(Fig.
ktyaiina peratten uata
1118), if. Permiana, if. Halli,
if. recta, Bake wellia parva
Fit). 1119), Pleurophorus sub
(g

Medilcottla Cope!. C. A. White.

cu?eatus (Fig. 1120), &hizodus Rossicus, Nautilus eccentricus, N. Per'mianus,
Cyrtoceras dorsatuni; and Texas has afforded C. A. White five species of
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Nautilus, a Goniatites, a species of Medlicottia (Fig. 1122), and other Anirnon
ites of the genera Ptychites, Popanoceras, and Waagenoceras, which are
Permian in Russia and India.
2. Crustaceans, Insects. - A Trilobite, of the genus Phillipsia, has been observed in the Permian of Missouri (Swallow); and a Cockroach, Gerablattina
balteata Scudd, in West Virginia and Ohio beds.
1123.

'r.

ç
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AMIH lIlIAN. - Eryolis mga(t.pIuLIuM (x ).

Cope, 'SI.

3. Vertebrates. -To Fishes and Amphibians the Permian beds of America,
like those of Europe, added Reptiles.
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The Fishes were of Coal-measure types of Ga.noids and Selachians.
The
genera of the former included Ctenodus, Ptyonodus, and others; also C'eratothis, a Dipnoan genus, which here has its first known species, while its last is

still living in Australia; the Permian, U. jhvosus of Cope, is from Texas.
Sharks occurred of the genus Dipiodus, and along with them spines of Ortlia.
canthus, which have been shown to have belonged to Diplodus, as suggested

by Dawson in 1869 from the association of specimens in the Pictou coal
field, Nova Scotia.
The Amphibians were, like the earlier, mostly Stegocephs.
Fig. 1123 of
the cranium of Eryops megacephalus of Cope, from Texas, shows that the
head had the well-roofed character to which the name
tegoceph alludes;
and the length of the cranium, over 22 inches, indicates a large species.
Two long, narrow-headed species, Cricotus heteroclitus (Fig. 1124) and U.
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1124.

AII'LIrnIAN. - Crkotns heterociltus (x &). Cope.
Gibsoni Cope, have been found in the Permian of Danville, eastern Illinois,
and the former also in northern Texas.
The Permian Reptiles, the earliest of the class, belong to the tribe
Rhy'nchocephalia, which, like the genus Oeratodus among Fishes, is nearly

extinct.
Only two species, of the genus Sphenodon (or Ilatteria), now exist,
and these are confined to New Zealand - a piece, like New Guinea, of a now
half-extinct continent, Australia. One of the earliest of the species is proba
bly the Mesosaurus (Stereosternnm) tnmid?ts of Cope (Fig. 112), from beds

containing shells of &hizoclus in the Permo-Carboniferous of Silo l'aolo,
Brazil.
It may be, however, from a bed below the Permian. Cope mentions
its relations to the Amphibians and closer to the Rhynchocephalian Reptiles,
and the interesting fact, of primitive aspect, that the foot, as the figure shows,
in figure) to each of the five metatarsals (I to V),
has a tarsal bone (1 to
five in all, or the normal number, instead of four, which is the largest number

in later Reptiles.
Other Permian reptiles, but probably later stratigraphically, are those
of Clepsydrops of Cope, three from Texas and as many from Illinois; of

688
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Dimetrodon of Cope, which has several Texas species, remarkable for the
the lumbar vertebr which supported the
great length of the neural spines of
broad dorsal fin characteristic of the genus; and other related genera, for
- made
which Cope instituted the family of Tlieromora
by some a part of
1125.
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Mesosau.rus tuinldus (natural size); 1-5, tarstils ; I-V, metatarsals. Cope.
Other related species, from New Mexico, are the
the group Anornodontia.
Ophiacodon grandis Marsh, about 10 feet long; also species of Splienacodon
and Nothodon of Marsh. These early Rhynchocephalians and Anomodonts
combine Amphibian and Mammalian characteristics along with the Reptilian.
Cli aracteristic Species.
1. CARBONIFEROUS PERIOD.
PLANTS. - 1. Seaweeds are rare in the Coal-measures. A Sptrophyton, like S. candagafli (page 582), has been reported by Lesquereux as occurring in sandstone, probably of
this era, or of the Subcarboniferous, in Crawford County, Ark. Species of the genus
Caulerpies have been observed in Pennsylvania, Illinois, Indiana, Missouri, in both the
Lower and Upper Coal-measures. Chondrites Colletti Lsqx. was obtained near Lodi, Ind.,
overlying a thin coal-bed at the base of the Coal-measures. Lesquereux remarks that,
although the iron-stone concretions have preserved the most delicate parts of Ferns and
Insects, no trace of a Fuizqu or Lichen has been found in them. 1-lc observed elsewhere,
however, evidences of parasitic Fungi. A large Fungus, having some resemblance to an
Agaricus, has been reported, with illustrations, by H. Fhrzer, from the Lower Kittanning
coal-bed of Tuscarawas County, Ohio, and named Dactyioporus arc/urns.

2. Lepidodendrids. -Fig. 1033, part of the surface of the Lepidodendron aculeaturn
Sternb., a common species both in the United States and in Europe ; 1034, L. clypeaturn
Lx. ; 1036, L. Veltheirnanunz St., which is also Subcarboniferous and European; 1035,
Halonia pulehelia Lx., Arkansas. Other common species, and of wide range, are Lepidodendro n Sternbergii (also Subcarbon iferous), L. dichotonm urn B rgL, L. nwdulat urn Lx.
3. Sigillarids. -Fig. 1037, Sigiilaria SiUirnanIBrgt., Pa., Ind. ; 1038, 8. Pittstonana
Lx., Pittston, Pa., Ky.
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4. Ferns. -Fig. 1042, scar of the Tree-fern, Ste
mmatopteris punctata Lx., Gate vein,
Pa. ; 1043, same of MPI/Uph!'tOfl
111.
1044,
scar of Gyathea compta, a species
1IcLayj Lx.,
now growing in the islands of the Pacific; 1045,
Odontopteris &hlotheimi Brgt., Pa., Ohio,
Id!., Europe ; 1046, Aicthopteris lonchitira BrgL, most common in the Lower Coal-measures,
Pa., etc. ; 1047, Sp/ienoptis (Hymenophiillites) Hildrethj Lx., Kanawha Salines ; 1047 a,
same, enlarged ; 1018, S. Graven/w,"stjj Br.-t., R.
I., Mo. ; 1048 a, same, enlarged ; 1049, a,
Yeuropteris Losehil Brgt., and 1050, Neuropteris hirsula Lx., from figures by Lesquereu.x,
Common in the Upper Coal-measures, in Ohio and
Kentucky, and the former particularly
abundant in the Pomeroy bed ; 1051, Pecopteris arborescens Brgt., Pa., Ohio; P.
cyathea
Br-t. and P. nuita Brgt., common ; 1052, Neuropteris tenuifolia Lx., Shamokin, Pa. In
Arctic America, on Melville island, impressions of a
Sp/tenoptcris have been observed in
connection with the coal.
5. Calamitids. - Fig. 1056, Calamites canna! ormis Schioth., Pottsville
conglomerate
and Lower Coal-measures; 1054, ilsterophyilites subiwvis Lx. ; 1053, A.
equisetiforris Lx.,
Pa., It. I. ; 1055, Sphenophyllunz. Schlotheimi Brgt., through all the Coal-measures.

6. Gymnosperms. - Cordaites borassifolius LJng., a common Coal-measure
species
Fig. 1057, Cordaites cost atus, Lx., Cannelton, Pa. ; 1057 a, fruit of same ; 1002, (Jordaicarpus Gutbfrrj d' Eury, Caniielton ; 1063, Cardiucarpus elonqatus Newb., Ohio ; 1065, C'.
bisectus 1)u., Nova Scotia; 1004, C. sanzarrformis Newb., Ohio; 1058 a, b, c,
Trigonocarpus tricuspulalus Newb., Ohio, representing the rind, the nut, and the kernel ; 1059,
nut of another Ohio species, figured by Newberry, but not described; 1060, a, T. ornatus
Newb., Ohio ; 1061, Cardiocarpus bicuspidatus Newb., Ohio.
Figs. 1006 and 1067 are
made the type of the genus of Conifers, Botryoconus of Grand'Eury, being immature
fruits. The specimens, and that of the fruit, Fig. 1068, are from the Lower Coal-measures
of Youngstown, Ohio.
The Rhode Island coal region, according to Lesquereux, belongs to the Upper
Productive Measures. See Am. Jour. Sc., xxxvii., 220, 1880.
For lists of species of plants characteristic of the several subdivisions of the Carboniferous period, and their geographical distribution in America, see Lesquereux's Penn
sylvania Report, No. P, page 855 and beyond, and also page 636. According to Lesquereux
the following species commence in the Pottsville conglomerate, or the beds next above,
and continue through the Coal-measures: The names of species not in the Conglomerate have a dash before them; those
which have a dagger after them continue into the Permian ; and those starred are also
European.
(Yalamites Snchovi f*, C'. ramosus *, C. call ,ueformis*, C. aJ)proximatus , C. Cistii*
.Asterophyllit's equisetiforinis *, A. fol.iosus *, An nularia ion gifolia t*, -A. splienophyl
bides t, Spheuoj.hylluin Schlotlieirni*, S. bongfolium t, -S. emarqinatum *, I'Teuropteris
itirsuta f, 2V. finibriata t, N. infiata, -N. anqustifoiia ', N. Loschii *, N. tennifolia *, IV.
capitata, N. Gei.mari*, -]V. cordala t, Odontopteris Schlotheimi , 0. sp/enopte.rokles;
Alethopteris Serlii ', A. lonehit lea * ; Pseudopecopteris nerrosa, P. muricata *, P. anceps,
P. irreqularis , P. nummularia *, P. decipiens, P. latifolia *; Pecopteris acuta*, J) serru.lata,
-P. arboreseenst*, -P. not atat , P. pteroidest*, P. erosa *; Sphenoptei'is (Iiymenopltyilites)
spinosa *, 5 .furcata *, S. tridactjlites *; Rhacophylium iactuca t, R. .tilicforme * ; -Lepi
dodendron Sterflberciii , L. aculeatuin, L. Veltheiinanum *, L. vestitum, L. clypeatum,
L. diehotoninin , L. obovatun *, L. modulation, L. rimosum * ; Ubodendroit majus *, - U.
punc.tat urn ; I'.Tnorria un bricata * ; Lepidophloios laricinus * ; Sigili aria monostigma, S.
Brardi! t, -S. 3jenarclj*, S. tesselata *, S. mammillaris t, S. Lescarii, -Cordaitesdiversi
folius, C. borassifoiius.*
The genera especially characterizing the Lower Coal-measures are: ilfegabopteris,
Twuiopteris, JVeriopteris, Hymenophyllites section of Sphenopteris, Eremopteris, Knorria,
Lepidopli bolos, Lepidodeiulron, Sigillaria, Cordaites, Whittieseya.
DANA'S MANUAL-44
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For Reports on American coal plants with figures, see Indiana Geol. Rep. for 1883, by
vols. ii. and iv., by LLSqt1ereILX ; Ohiu Pal., vols. i. and
Lesquereu.x ; Illinois (rol. Rep.,
No. 1', by Lesquereux, 1st vol. teXt., 2d vol.
ii., by Newberry ; l'eflhi$ylV(lfli(l Geol. Rep.,
1880-84.
plates, 3(1 vol. text and plates,
and White, Pa. Geol. Rep., No. P1', 1880.
see
Fontaine
flora,
On the Permian

AN1M.I,s. - 1. Rhizopods. - Fig. 1UW), Fusuliiia C!,lnUlriCU 4,1 Fisher, is -1 Russian species, to which the American specilneLls in part, are referred. F. elonqata Shmuinard, F
F. remit rk' sa, and F. qraeilts of Meek, are supposed to be probably varieties of it. Jfj
sia C'olumbiana (1. M. l)awson, (. J. U. 8., xxxv., 74. Deutalina priscilla Dn., from Nova
Scotia, consists of a single series of cells.
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Cam poph iii! ii in torq m iiiin
2. ActinozoanS. - Syrin(yopura multattenuat.a McCh.,
Ow., etc.
3. Echinoderms. - Crinoids, of the genera Poteriocrin us, ..I diii 0(7(11 us. cyath ocrinus,
Zeacrin us, Delocrin us, &aph berm us, Eupae/iyerin us, ..lqassi.fDrrifl its, Aerocrin us. etc.

4. Molluscoids. - Fig. 1072, Spirfer eameratus MorL, Lower and Upper ('oal.measures, in Ohio, Ky., Ind., Ill., Mo., Utah, etc. ; 1070, Product us .Vebraseensis Ow., 111., Kaim.,
N. Mex. ; 1071, Chonetes ,nesolubus N. & P., a COfflfflOfl species; 1073, Sentin uhi sulstiliUj
Hall, common in the Coal-measures ; S))irfrrifla iteuituekensis Upper Coal-n14'asures, Ill.,
Meekella stria(oros(a(a
Ky., Mo., and near Pecos village, N. Mex.; Sp(ri(er linea(us l'hill.,
Cox, 111., Mo., Iowa; On/us I'ecosi Marcon ; Dif'lusm:ift ( fvrrebratula) la,ridens Mort.;
Derbya (Sreptor/uynrh us) erassa \I. & II. ; IT ald/ueimia ? ( Cr!,p(ucan(Il fa) conipacta
\\T. & St.. John. The following first n1)pcareml in the ubcarboniferiums, and are COlltiIiUt'(l
into the Carboniferous: Producius punctatus (Fig. 1013, page 642), P. cora, P. in uricatus,
P. semireticulatuS (Fig. 423. page 427), Spirifer lineatus.
5. Mollusks. - La,nellibranchs. - Fig. 1074. Macrodon carhonanius M.. Upper Coal(ila(c':1ius
measures, Ky. ; 1075, Allorisnma suhcunea(a M. &. 11., Nan. ; 1L'iC11lopCCtv'n
heltistriata
Czrdio
Nuculana
M.,
Cox, Upper and Lower, Avicula (Gervillia) lonqa M.,
If.,
morpha Missouni.'nsis Shunt., Suleiwmnya radutta M. & \V., Myalina ))erat(eim uiata M.
&
AV_
all
from
ill.
Eiilolium
anienla
&
&hizo(lus
M.
ai. recurvirostris M.
\V.,
amnpius
Swallow, Man. ; Pinna ))eracuta Sliwn., Mo., Kan. ; Lima retirera Slum., Nan. ; Mali/us
tModiola (?)] Shawneensis Slum., Kaim. ; Monodon, species of .Monvipfrria. J'seulomo
notis, Placunopsia, etc.; Modiila lVqonmiuqensis Lea, Wyoming, Pa.; _tn(/urarwnya .Vaiad
iCes) carbonaria Dn., N. Scotia; A. rlonia(a I)n., N. Scotia ; A. iweis l)n., N. Scotia.
6. Gastropods. - Fig. 1077, Bellerophon carbonarius ('ox (often referred to B. mu
Fleming), Upper Coal, Ky. ; 1076, Plcurotonzari'e (vIbl(l(lta Con. ; 1078. P. sphtrru!ata Con.;
P. carbonaria N. & P., P. Grayrillensis N. & 1'. : 1079, Vaeroeheilus (?) rusi,irmnis If., 3!.
Newberryi Stevens, M. veutricusus 11., Iowa, lfureIs is" nba mu in burn Swallow, Mo. ; 1 0,10,
DentaliunL sublare H., D. .Vet'kanumn Gem.. Neb. and ill. ; Strapanullus prrnod''sus
M. & \V., Ill. ; Chiton carbonanius Steven'. "S'traparollua $U!?nl(!l.suiS \I. & W., Ill.,
Xl repla.ris if.hit flel(li L.. all from
.Loxonerna semicostat uin i'SI., Aclis robusta t
Also
the
Land-snails
Ichix
Illinois; Naticopsis.
family), Fig. 1081, !'upa ret usia I)11.,
(I
hail an inch long, Coal-measures, Joggins, N. Scotia ; 10S2, Pu1ui Ierrni!ionens(s Bradley,
Vermilion County, Ill., in a concretionary limestone ; 1083, I)uursuurlla Meeki Bradley,
same locality.
For Cephalopods of the Carboniferou, see papers by Shumnard, McCIu'sne , Swallow,
Hall, Hall and Whitfield, and the Geological Reports of Illinois (Meek and Wort.lmen),
Missouri (Swallow), Texas (Hyatt).
Some of the Nautiloids of the Carboniferous, part. of them new spt'eie, as named and
figured by Hyatt in the second Annual Texas ( ulugieal Report are i't',,inor/,ilus Conchiferum, Tex. ; T. Forbesanumn, Tex. ( .Vautilus I". of McClmesimey ); 7'. fiat urn, Meek and
Worthen, Kan. ; T. depression, Nan. ; T. erassumn, Nan. Mrtaroceras eam'a(.firnue, Kansas
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City, Mo. ; M'. (lubluin, Ran. ; M. WalcoW, Tex. ; M. JIa!/i, Ran. ; .111. inconspicuum,
Ran. ; Tainoceras eavatnm, Tex. ; Domatoceras unihijicatum, Ran.; Asyrnptoceras Newtoni, Ran. ; A. capax (Cr?,'ptoceras capax, Meek and Worthen), Mo.; Pliacoceras Dumbli,
Tex. ; Ephippioceras division (Nautilus divisus of White and St. John) Endolobus
;
gib
bosus, Tex. They are mostly large species, 4 to 6 inches in diameter.

7. Worms. - Fig. 1086, Spirorbis carbonarins Dn. ; also, S. arietinus Dn.
8. Limuloids. -Fig. 1088, Prestwich'ia Dana' =
E'uproops Dance of M. & W., Morris,
P.
Packard,
Ill.;
Pittston, Pa.; Dipeltis diplodiscns Packard, Mazon Creek,
longispina
Ill.; Cycius Americanus Packard, Mazon Creek, Ill. (Mein. N. Acad. Sc., iii., 14, 1888).
9. Crustaceans. - (a) Trilobites. - Phillipsia Missouriensis, P.
major, P. Cliftonensis
of Shumard, from the Upper Coal of Missouri; P. (&'rfflthides) scitula M. & W., III., Ind.,
and Neb. ; P. (riff.) Sanqamonensjs M. & W., Upper Coal, Ill.
(b) Entomostracaits. - Cythere Americana Shum., Upper C., Mo.; Leaia trica'rinata
M. & W., Upper Coal-measures, Ill.; Dithi,rocaris carbonaria M. & W., 111.; Geratiocaris
sinuata I. & w., in.
(c) Decapods. -Fig. 1089, Acanthoteison Stimpsoni M. & W., Morris, Ill.; A. Eveni
M. & W., Morris, III.; 1000, Paia'ocaris typus M. & W., Morris, III.; 1091, Anthraco
palcemon gracilis M. & W., Morris, ill.; A. Hilianus Dn., N. Scotia.
10. Myriapods. - Mazon Creek, Ill., has afforded species of a dozen genera,
including
Palceocampa anthrax M. & \V., Acanthe,estes major M. & W., Euphoberia armigera
M. & W., and 10 other species of the genus; Anthracerpes types M. & W., Eiieticus anthra
cinns Scudder, Xylobius Mazonus Sc., Trichiulus villosus Sc., and others of Archiulus,
Ilyodes, etc. In Nova Scotia have been found Xylobius sigWarite Dn. (Fig. 1092), X.
ractus Sc., Xsimilis Sc., Archiuius Dawsoni Sc., A. Lyelli Sc., A. euphoberioides, and
others.
11. Arachnids. -Besides the Scorpion of Fig. 1094, Mazon Creek has afforded Mazonia
(Eoscorpins) Woodiana M. & W., Architarbus rotundatus Sc., allied to the Phalangid,
Arthrolycosa antiqea ]larger (Fig. 1095), Geraphrynus carbonarius Sc., the long-tailed
Geralinura carbmiaria Sc. From Arkansas has come Anthracomartus trilobitus Sc.
from Rhode Island, another species of Anthraconzartus; from Nova Scotia, Mazonia
.Acaclica Sc.
12. Insects. - (a) Neuropteroids. - From Morris, Ill., Miamia Bronsoni D., Hemeris
tia occidentalis D., Ghrestotes Dance Brgt., C. lapidea Sc., .1Iegathentomum pustulatum
Sc., Genentomuin validuni Sc., An thracothremma robusta Sc., and others. From Pittston,
Pa., species of Dieconeura and Poi,iern us.
(b) Orthopteroids. - Of the Cockroach group there have been found: at Mazon Creek, 4
species of Jlylaeris, 2 of Promyla.cris, 2 of Paromylacris, 1 of -1rcliimylacris, 2 of Etobiat
tina, 1 of Proqonoblattina, and 1 of Oryctobiattina ; in Pennsylvania, 0 of Mylacris, 2 of
Neomylacris, I of Archimylacris, 3 of Lithom!/laeris, 1 of Prom'iiacris, I of Etob?cettina,
1 of Gerabiattina; at Cassville, W. Va., 6 of Etoblattina, 15 of Gerablattina, 1 of Anthra
cob!attina, 3 of Porblattina, and 1 of Petrabiattino ; at Richmond, Ohio, 17 of Eta
blattina, 3 of Gerablattina, and 2 of Poroblattina; near Providence, R. I., 8 of Etoblattina,
2 of Gerablattina, and 1 of each JJyiacris and ]Iterobiattina ; and a few others in
Missouri, Kansas, Arkansas, Nova Scotia, and Cape Breton. Orthopters of the Proto
phasmid type occur at several of the above localities.
Of Carboniferous Hemipteroid Insects, which are not uncommon in Europe, a species,
Phthanocoris occidentalis, occurs near Kansas City, Mo. Of Coleopteroid Insects, no
American species have yet been reported.
The above lists of fossil Myriapods, Arachnids, and Insects are from Mr. Scudder's
publications and correspondence. See his Bulletin No. 31, U. S. G. S., for a review of the
subject up to 1886 ; also, Bulletin No. 71, 1891, for a full index by him to the known fossil
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the world, with references to all published papers
Myriapods, Arachnids, and Insects of
and works on the subject, covering 744 octavo pages.
- Ganoids. Fig. 1100, Enr/!epis tuberculata Newb.; 1101,
13. Vertebrates. _(a)Fishes.
the tail heterocercal,
C&aeanthus elegans Newb., Linton, Ohio, remarkable for not having
of Eurilep(s, 2 of Cct'laeanthns, and 3 of
although strictly vertebrated; 8 other species
Rhizodus, have been described by Newberry from Linton, also Paictoniscus scutigerus
and P. peltigerus Newb., Ohio; P. Leidyanus Lea, Pa.; P. gradilis N. & W., Ill.; P. Browni
the genera Jiega
of Albert Coal Mine, N. B.; P. Jacksoni Dn. Other Ganoids occur, of
in the Coal-measures of the United
lichthys, Amblypterus, Pygopterus, and Rhadinichthys,
States and Nova Scotia.
in the CoalAmong Selachians, the following European genera have been recognized
Illinois,
the
species being genetc.,
measure limestones of Pennsylvania, Ohio, Indiana,
(iladodus,
Orodus;
of
the
Old
World:
Diplodus corn
from
those
Diplodus,
erally distinct
D.
qracilis Newb., ibid.; .Petalodus,
pressus Newb., Linton, Ohio; D. latus Newb., ibid.;
N. & W., from Illinois ; 1104 a,
Utenoptychius, Ghomatodus; Fig. 1102, Petaludus clestructor
Indiana,
from
Illinois,
etc. ; 1103, fin-spine found
1104 b, Petrodus occidentalis N. & W.,
associated with the scales of Petrodus oceidentalis, and referred by F. II. Bradley to the
same species. Cholodus, Peltodus, (Jalopodus, Gte noptychius are other genera. Of fin
spines, there are Orthacanthus arcuatus Newb., Linton ; Compsacanthus keels Newb.,
Linton; Drepanacanthus anceps N. & \V., from Springfield, Ill., and others.
The genera of the Subcarboniferous are in part represented among the Carboniferous
N. & W.,
species, as Diplodus, Orodus, Cladodus; Petalodus (Fig. 1102, P. destructor
Ill.), Petrodus (Fig. 1104 a, b, P. occidentalis, N. & W., Ill., Ind., etc.), Gtenoptycliius,
Chornatodus, Deltodus, Pwciiodus, Xystrodus. Besides, there are 4 species of Agassizo
dus, all from the Coal-measures. Also fin-spines of the genera Compsacanthus, Drepana
canthus, etc. For figures and descriptions of fossil species the most important volumes
are those of the Ohio Geological Report by Newberry, and those of the Illinois Report by
Newberry and Worthen and St. John and Worthen.
(b) Amphibians. - Fig. 1100, Pelion Lyelli WTyman, Linton, Ohio; Fig. 1108, Amphibamus grandiceps Cope, Morris, Ill.; Fig. 1110, vertebre and ribs from Linton, figured by
Wyman, but not named, referred by Cope doubtingly to the snake-like ]Iolgoph is niacrurus
Cope. Baphetesplaniceps Owen, from Pictou, N.S.; the specimen is a portion of the skull
7 inches broad. The genera Phiegethontia and Molgop his of Cope are referred to Dolkho
sorna of Uuidey by Fritsch. For descriptions and figures of the species of Ohio, see Geol.
Rep., Pal. ii.; of Nova Scotia, Dawson's Acad. Geol., and its supplement of 1878, time
latter containing also figures of Insects, Crustaceans, and Myriapotis ; also Supplement of
1891, and later in the Trans. Roy. Soc. The Linton layer in Ohio is a local formation of
cannel coal at the bottom of the Pittsburg coal-bed, indicating, as Newberry states, lake
like conditions during the progress of the layer. Twenty-three consecutive footprints of an
Amphibian, Thenaropus lieterodactylus, were found by A. T King, near Westmoreland,
Pa., in a layer about 100' below the horizon of the Pittsburg coal ; the tracks of the
hind-feet 8-toed, and of the fore-feet 4-toed, - the former 5 inches long, and the latter
4 inches; and the distance between the successive tracks 6 to 8 inches, and between time
2 lines about the same. Another species from the same region is the Chirotheriurn Reiteri
of Moore.
2.

PERMIAN PERIOD.

On the Permian Flora of West Virginia, etc., see Fontaine and White, i.e.; contains
88 plates. The following are the Coal-measure species which continue, according to these
authors, into the Permian or Upper Barren Measures of West Virginia and Pennsylvania:
Calamites Suckovi, Sphenophylium fihicuirne, Annularia ion gifolia, A. sphenophyhloides,
Neuropteris hirsuta, N. jiexuosa, N. aurrulata, N. cordata, Pecopteris arborescens, P.
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Candolleana, P. pteroicles, P. dentata, P. notata, P. oreopteridea, P. Afiltoni, P. Flucke
neti, Goniopteria ernarginata, 0. elejans (?), 0. arguta (?), 1?hacophyllum lactuca, Big
illarla Brardil. Of these species, all but Sphenophyllum fiticuime, Neuropterla hirauta
and Pecopteris notata are also European Permian species. The genera Baiera and Callip
tericiiuin commence in the Permian. Out of 107 species of plants in the Upper Barren
Measures of West Virginia, 28 are European Permian species.
The Red-beds of South Park, near Fairplay, Col., have afforded Permian species of
Waichia, Ualiipteris, Odontopteris, Sphenopterfs, Uflmannla, etc. (Lesquereux, Bull. Jfus.
Comp. Zoi., vii., No. 8).
On Amphibians and Reptiles of Texas and Illinois, Cope, Amer. Phil. Soc. for 1877
and several later years, and also Proc. Acad. N. S., Philadelphia, Amer. Naturalist Bull.,
vi., Hayden Bury., 1881, and publications of Texas Geological Survey.

FOREIGN.
1. SUBCARBONIFEROUS AND CARBONIFEROUS PERIODS.
ROCKS - KINDS AND DISTRIBUTION.
The rocks of the Subcarboniferous and Carboniferous periods cover a
very
large area in the western half of Russia, or the Continental Interior of

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

Europe, much of the area of Great Britain and Ireland, a moderately large
area on the borders of Belgium, France, and Prussia, and small areas in
Spain, Italy, Austria, and some other parts of Europe. The beds of the
Carboniferous period-the period of the Coal-measures -have their greatest
thickness and largest amount of coal in the British Isles, and but little

thickness and little coal in Russia. There are workable coal-beds of this era,
if the Permian be included, also in China, India, and Australia, but none, so
so far as known, in South America, Africa, or Asiatic Russia.'

The proportion of coal-beds to area in different parts of Europe has been
stated as follows: in France, -rh of the surface; in Spain, -; in Belgium,
in Great Britain, -4
But, while the area of the Coal-measures in Great
Britain is about 12,000 square miles, it is in Spain, 4000; in France, about
2000; in Belgium, 518.
The distribution of the areas in England is shown on the
accompanying map.
The cross-lined black areas are Subearboniferous, and the black those of the
Coal-measures.
The principal regions of the latter are (1) the South Wales,
1000 square miles in area; and, in nearly the same latitude, the Forest of Dean,
west of the Severn, and the region about Bristol, east of the Severn, together
184 square miles; (2) the small patches in central England, in Shropshire
(Coalbrook Dale), Warwickshire, Leicestershire, and Staffordshire, 240
square miles; (3) north of these, on the west, the great South Lancashire
region, just east of Liverpool, with the basin of Flintshire on the Dee, the
whole together, 220 square miles; (4), to the eastward of the last, the
large
coal
between
and
Leeds,
Nottingham
and
region,
Derbyshire
adjoining
Sheffield, 800 square miles; (5) farther north on the west coast, in Oumber
lan(l, about Whitehaven, 25 square miles; (6) 011 the east coast, the great
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coal-field of Northumberland and Durham, about

Newcastle, 796 square

miles.
In Scotland, the beds cover an area 100 miles long by 215 broad, lying in
the depression between the Grampian range on the north and the Lammer112(;.

1...........
0h10"11"P
magnum::..
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Fig. 1126, Geological map of England. The areas lined horizontally and numbered I are Silurlo-Cambrian; those
lined vertically (2) Devonian ; those cross-lined (3) Subcarboiiiforous; the black areas (4) Carboniferous ; the
dotted areas (5) Permian; those lined obliquely from right to loft (6) Triassic, (7 a) Lias, (7 b) Oilyte,
(8) Wealden, (9) Cretaceous; those lined obliquely from left to right (10, 11) Tertiary. A is London;
B, Liverpool; C, Manchester; I), Newcastle. IIatnsay.
muirs on the south.
carboniferous.

The most of the workable coal-beds occur in the Sub

In Ireland, over its center and to the southwest, a
large part of the
surface rock is Subcarbonjferous limestone.
It is believed that the Coal
measures once covered this limestone.
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The Suhcarbonjferous rocks of Great Britain include a limestone formation called
often the '' Mountain liinestoiw,'' and also shales and sandstone. The limestone is the chief
rock in southern England, where, near Bristol, It is 2(M)0' thick and has shaly beds at base,
the '' Lower limestone slink.'' In Derbyshire, the limestone, 4000' in maximum thickness,
is succeeded by a series of shale.s and sandstones with beds of limestone, called the Yore
dale group. This Yoredale group is 2300' thick in North Staffordshire, making a total
thickness of il300'; it, is 4500' thick in Lancashire. In Wales the thickness of the lime
stone is but 500', and in Anglesey, 200' to 5(10'.
In Scotland, the Subcarboniferous rocks are mainly fragmental, and are called the
Calciferous limestone group.
In southwestern Ireland, the limestone has a thickness, in Limerick, of 36001. But in
northern Ireland, the fragmental beds increase in amount and thereby become similar to
those of Scotland, as if they were their continuation.
In Northumberland, in northern England, fragmental beds greatly predominate ; the
total maximum thickness is 8000', and of this, only 20' to 50' is limestone ; they have
received a distinct name, - that of the Bern ician group, - because they are so unlike the
rest and without. any natural subdivision ; and those of the valley of the Tweed and the
vicinity have been termed the Tuedian group.
The Carboniferous limestone of the Lake District and Yorkshire was called the "Scar
limestone" by Sedgwick, from the topographic features, or "scars" produced by the
rock. It makes a strong impression on the scenery of many parts of England. "Massive
beds of it," says Prestwich, " rising from beneath the Mesozoic strata in the neighborhood
of Frome and Wells, constitute the main range of the Mendips. At Clifton it is traversed
by the gorge of the Avon. A few miles to the north the limestone passes under the
great plains of central England to reappear in the picturesque hills of Derbyshire, the
bluffs of Matlock, the scarps of Dovedale, and the high ridges of Buxton. In Yorkshire
the limestone hills, which rise to heights of 2000' to 2500' in the Pennine chain, are
intersected by the many beautiful dales so characteristic of that district. The prevailing
cold gray color of the limestone, the frequency of bared surfaces, and the innumerable
caves-famous for their magnitude and their stalactites, or as the dens of Pleistocene
Mammals -render the rocks easily recognizable, and contribute greatly to their scenic
effects." The limestone contains much chert. Fliude has shown that the chert abounds
in sponge-spicules; and Carter has observed facts illustrating the passage by solution of
the spicules into chert.
The beds of the Coal-measures in England have generally at bottom the
Millstone grit., answering to the Pottsville conglomerate of Pennsylvania.
The thickness is AO() to 1000 feet in South Wales, about 1200 feet in the
Bristol coal-field, 000 to iiOO() feet in the Lancashire region; but in the
north of England only 500 feet, and in Scotland it is barely recognizable.
The Coal-measures in South Wales have a thickness of 7000 to 12,000 feet,
and include more thaii tOO coal-beds, 120 feet in total thickness, 70 of which
While the coal is bituminous near Swansea, it becomes anthra
are worked.

cite to the west and north.
In the Forest of Dean, the thickness of the. beds is 2400 feet, and they
comprise at least 23 coal-beds; while in the Bristol coal-field, on the other
side of the Severn, there are 5090 feet of Coal-measures, with 87 coal-beds.
In the south Lancashire coal region, which reaches nearly to Liverpool,
the Coal-measures are stated to have a thickness of 7200 to 8000 feet, and to
include more than 40 beds of coal over one foot in thickness, and in north
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But to the northward, in
Staffordshire the thickness is S00() feet.
Derby
shire, the thickness is about 2,500 feet, and in Northumberland and Durham,

The coal-beds, as elsewhere, usually rest on a
and in Scotland 2000 feet.
In the Newcastle region, the Coal-meas
bed of fire clay containing rootlets.
ures are about 2000 feet thick, and include about 60 feet of coal: the beds
afford about a fourth of the coal of England.
The Lancashire area and the Cumberland farther north lie on the west
side of an anticlinal ridge, mostly of Subearboniferous and Lower Cai'bonif

erous rocks, called the Pennine chain, in some points 2000 feet high, which
extends north to the Cheviot Hills, between England and Scotland.
The
and
Newcastle
areas
are
to
the
east
of
this
anticlinal.
Derbyshire

Prestwieh observes, with regard to a parallelism in the several coal-beds,
between the different British coal-fields, and between these and European
coal-fields, that, while this is not to be looked for, some general relations may
be made out. The great dividing mass of rock, 2000 to 3000 feet thick,

called Pennant, exists in both the Welsh and Bristol coal-fields; and the
total thickness is not very different in the two - about 10,500 feet in one and
8500 in the other, with 76 coal-beds in Wales, and 55 in Somerset.
In the
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Hainault (or Mons and Charleroi) basin, the measures are 9400 feet thick,
with 100 beds of coal; in the Liege basin, 7600 feet, with 85 beds; in West
phalia, 7200 feet, with 117 beds.
In Belgium., in the region of the Meuse, the Carboniferous limestone has a thickness
of nearly 2500', and includes at top the "Limestone of Vise" ; 800' below the top, the
"Dolomite of Namur"; and 2000' below the top, the "Limestone of Dinant."
The wide-spread Subcarboniferous formation in Russia is chiefly limestone. To the
eastward, at the west base of the Urals, there is one wide north-and-south belt, and another
to the westward extending from the Arctic Sea., in 66l° N., to 54° N. Near Moscow the
formation was reached by boring through the Jurassic and underlying beds.
The Carboniferous limestone has been found by Richthofen to underlie a large coal
region in China, and to be marked by Fusulina and other fossils of the European Subcar
boniferous beds.
The. Belgian Coal-measures of Liege and Mons extend 80 miles along the northern
flanks of the Ardennes, and have numerous coal-beds, the thickest 3'. The principal coal
basin of Germany is that of Saarbr(ick in the Hhenish provinces, 900
square miles in area.
In a thickness of Coal-measures of nearly 20,000', it contains 82 workable beds, included
mainly in the lower 9000'. Another area is that of Westphalia. Silesia, in a coal region
16 miles square, has one coal-bed 50' thick. Some
anthracite-bearing beds occur in the
western Alps among schistose crystalline rocks, but none of economical value. The chief
Austrian basin is in Bohemia at I'ilsen. Russia has valuable coal-beds at 1)onetz on the
north shore of the Azof. In China, plants of Carboniferous
age have been obtained, to
the north in the peninsula of Manchuria, where coal-beds are worked, and also in the
provinces of Shansi, Hunan, Pe-chi-lj, and others (Ric/.ihofen's China, vols. ii. and iv.).
Carboniferous Coal- measures occur also in Japan and Borneo.
In the Arctic seas, Spitzbergen has a coal formation well
developed, but no beds of
coal. The Coal-measures are 1000' to 2000' thick in Robert's
valley, with many coal
plants in the shales; and the Subcarboiijferus limestone and other rocks (which probably
pass down into Devonian), and afford fossil Corals, Crinoids, and
Brachiopods related to
European and American species, besides plants; and the chert has been reported by
linde to be full of Sponge-spiculeg.
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PERMIAN PERIOD.

On the map of England (Fig. 1126) a border of Permian is represented
along the east side of the Newcastle Carboitiferous area, and also adjoining
other coal areas excepting that of South Wales.
(The areas are marked with
dots on a white ground, and numbered ti.)
A small area occurs in Ireland,
about the Loiigh of Belfast.
The rocks are red sandstone and inarlytes,
along with i\Iagnesiaii limestone. Before their relations were correctly made
out, they were included, along with part of the Triassic, under the name
" New Red Sandstone."

In Durham, northeastern England, there is (1) a Lower Red sandstone,
200 feet thick; then (2) a, 60 feet of marl-slate; b, two strata of Magnesian
limestone, the lower 00, and the upper 100 feet thick, separated by 2.00 feet
of gvpseous marlyte, and overlaid by 100 feet of the same. The Maguesian
and other limestones disappear to the south, near Nottingham. In north
western England, the Lower Permian includes 3000 feet of marlytes and
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sandstones; the Middle, only 10 to 30 feet of Magnesian limestone; the
Upper, 600 feet, similar to the Lower. There are detached Permian areas in

Duinfriesshire, Ayrshire, etc., in Scotland.
In European Russia, Permian strata cover a region more than twice as
large as all France; it includes the greater part of the governments of Perm,
Orenburg, Kazan, Nizhni Novgorod, Yaroslavi, Kostroma, Viatka, and
The beds are sandstones, shales, niarlytes, and dolomitic lime
Vologda.
stone, and contain an occasional thin seam of coal. The deposits are flanked
and underlaid on nearly all sides by different members of the Carboniferous
formation containing comparatively little coal.

In central Germany small areas occur, from southern Saxony along the
Erzgebirge, over the adjoining small German states, west to Hesse Cassel,
and north to the Harz Mountains and Hanover. Within this area, Mans
feld is one noted locality, situated in Prussian Saxony, not far from Eisleben

another is on the southwest borders of the Thuriugiaii forest (Thiiringer
wahi) in Saxe-Gotha, a line which is continued to the northwest, by Eise
nach, toward Minden in southern Germany. m rphIuI.iwria and Saxony, the
subdivisions of time rocks, beginning below, are (1) the Rot/ilieqencle, or Red
beds, consisting of red sandstone, and barren of copper ores; no;,,* the town
of Eisenach, about 4000 feet thick ; (2) The Zeclisiein /Ofl)WtiOfl, )r Mag
nesian limestone, consisting of (a) the Lower Zeclistein, a gray, earthy lime
stone, overlying the Kupferschiefer, or copper-bearing slia.les, and the still
lower Wissii.eyende or Graulieqende, or white or gray beds; (b) the Mid
die Zec1stenm, Magitesiami iiinestone, called the Re uehwacke and Re /Ekal/c
(c) the Upper Zechstein, or the Platte ndoIoiiit, and including the impure fetid
limestone called Stinkstein.
The lower part of the Lower Perinian of England includes, in some places,
beds of coarse conglomerate, containing angular masses of rock of great size.
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of the blocks to floating ice.
Bowlders
Ramsay attributes the transportation
in beds of great thickness and coarseness, glacial-like, with many of the
bowiclers scratched, occur toward the bottom of the Tilchir group of India,
beds of the Salt Range of
regarded as Lower Permian; in equivalent
northern India; in. the related Ecca beds of South Africa, below the Karoo
beds; in beds beneath the Glossopteris Coal-measures of eastern Australia,
and also other beds overlying the same, called the Hawkesbury sandstone
In New Zealand similar bowider beds
and also in Victoria and Quee.nslan(L

are referred by Dr. Hector to the Trias.
The above facts have led some geologists to the conclusion that over
India, Australia, and South Africa, there were glacial conditions in the course
of the Permian era - a time when Europe and America were under luxuriant
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vegetation.
The Permian has much extent also in Bohemia and Moravia. On both sides of the
Alps are red sandstones underneath Triassic beds, which are referred to the Permian. In
France, its beds lie at the base of the Vosges, whence they extend into the Black
Forest; at Autun, the thickness is 3000'; the rocks are, as usual elsewhere, sandstone,
marlytes, and conglomerates.
In the Indian peninsula, according to the report of W. T. Blanford, Director of the
Geological Survey, the Damüda series in western Bengal, with its valuable coal-beds, and
also the underlying TMchir beds, - called together the Lower Goiidwtna series, - cor
respond to the upper part of the Carboniferous and the Permian, excepting the Panchet
group at the top, which is Triassic. The beds have a thickness of 6000' to 11,000',
and the coal-beds an aggregate thickness of 75 or more. A 6-inch bed of coal occurs in
the Tálchir group. The Coal-measures of Karharb.ri overlie the Tilchir beds. The
Damüda beds contain species of Giossopteris (Gtiossopteris Browniana most abundant),
Alethopteris, Taniopteris, 1Sphenopteris, Sphenophyiium, Ga ugamopteris, Sagenopteris,
besides Pterophyilurn and other Cycads, Voltzia heterophyila, Vertebraria, etc.
The
Rjmahá.1 group, of the Upper Gondwána series, is supposed from its fossil plants to
be Lower Jurassic, Cycads being the prevailing species, as much so as
Glossopteris and
Vertebrana are in the Damüdas.
In Australia, the coal formation, with excellent coal, occurs in fliawarra, also on
Hunter's River, and elsewhere; and, from the fossil plants, the absence of Lepidodendrids
and Sigillarids, and the abundance of Glossoptenis, with species of
Sphenopteris, Verte
braria, etc. (the range of species much resembling that of the 1)aniüda beds), together
with the occurrence, immediately below, of shales containing Carboniferous
Brachiopods,
Conulari, etc., and a heterocercal Ganoid, Urosthenes australis 1)., the series was referred
by the author (in his Wilkes Eped. Geol. Rep., 1849) to the " Upper Carboniferous or
partly Lower Permian." It is made the equivalent of the Damda series by Blanford.
W. B. Clarke mentions the occurrence of leaves of
Olossopteris in the Coal-measures,
having a length of about 2', and of the frond of a Shenopteris, which when entire must have
measured 5! i length. The Coal-measures are about 40' thick, and contain ii seams of
coal. D. Stur has shown that in Germany and Austria the Permian is characterized
by
related species of Tcenioptenis, Pterop1yiium and
those
Sagenopteris, closely representing
of India and Australia.
The Lower coal-beds occur in Australia also, below the above-mentioned beds, in
the Hunter's River region, and westward
through Durham, Brisbane, etc., which
contain species of Lpidodendron,
Sigiliaria, Knorria, Uycloptenis, etc. Above the Upper
Coal-measures in Australia comes the wide-spread
Hawkesbury sandstone and the
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Vianainatta shale, with Palt'onjciis a,,1i;iqks Eg., but without Wosoptcris and other
lower species; tilt. bt,ds are prliably Triassic and Jurassic. Jurassic Ganoids of the
genera Coeco1epis, Lptolepis, and others, have been reported by A. Smith Woodward
(1890), from specimens discovered by C. S. Wilkinson and R. Etheridge,Jr. Both the
Glossopteris and t.epidodt'inlrou bras occur in Victoria, and the former in Queensland.
South Africa has a coast bonier of gneiss and other sehists, and inside of it a belt of
l'aieozoic rocks with Carboniferous at Lop (in Table Mountain,
etc.). The great interior
region thus bordered is occupied by the " Karoo formation" from Table Mountain north
ward over Orange Free State and Iia.sutoland, reaching the coast only to the southeast
in Caifraria. It includes (1) the Ecca beds (with the
Dwyka bowlder bed [glacial ?J in
the lower part), which contain f;l ssoptris, etc., and are regarded as Permian, or of the
ago of the Thhchir and Danuida beds of India; (2) the Middle Karoo, or Beaufort beds,
Permian or Triassic; and (3) the Upper Karoo or Stormberg beds, supposed to be Tn
assic. For a colored geological map by A. Schenk, see Peterm. JIiUheil., 1888.

LIFE OF THE SUBCARBONIFEROUS AND CARBONIFEROUS PERIODS.
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PLANTS. -The same genera of plants, with few exceptions, are
repre
sented among the European coal-beds as occur in America; and about a third
of the American species are found also in Europe.
In this respect the
vegetable and animal kingdoms are in strong contrast; for the species of
animals common to the two continents have always been few.
The number of species in the European flora of the Carboniferous (the British
included) is stated to be nearly 1400, while North America, so far as described, including
the Carboniferous and Subcarboniferous periods, has afforded, as enumerated by Les
quereux in the concluding part. of his Pennsylvania Report of 1884, excluding fruits, about
625 species, and including fruits, nearly 800. Over 200 species of the 625 exist also in
Europe. The number of species of the several genera common to the two continents is
given by Lesquereux as follows: Calarnites, 11; 1seerophyllites, 6; Annularia, 6; Sphenophyllurn, 8; Macroseachya, 1;
Neuropteris, 17 ; Odontopteris, 5; Dktyopteris, 3; Call ipteridium, 3; Aletltopteris, 6;
Psudopecopteris, 16; l'ecopteris, 20; Oligocarpia, 1 (0. Gutbieri) ; Sphenopteris, 20;
Eremop¬eri.', 2 ; Rhacophpllum, 7 ; &emmatopteris, 1; Jauloptcris, 1; Megaphyton, 1;
Lepidodendron, 14; Ulodcndron, 4; Knorria, 3; Halonia, 3; C'yclost.gma, 1; Lepido
phiolos, 3; Lepidophyflurn, I; Sigiflaria, 25; Syringodendron, 3; Stig maria, 1;
ordaites, 1.
The flora of the Subcarboniferous of Europe includes species of Archcropteris,
Sphenopteris. Lepidodendron (as L. Veitheimanurn, L. squamosum); Knorria (K inthri
cata, IC. aeicularis); Bornia transitionis, ,lsterophyilites elegans, Seigmaria ficoides. The
flora of the Middle and Lower coal is much like the American. The Upper coal contains
Sigillarie, but rarely a Lepidodendron; species of Calanzites, Oalanzodendrun, and Anna
lana are common, the Annularia becoming rare above; species also of Pecopteris, Callip.
tens, Neuropteris, and Odontopteris, are common, but not of Sphenopteris. Cordaites
also is common. With these occur species of true Cycads, and of Waichia (IF. piniforinis),
a Conifer.
Among the Diatoms observed by Castracani in the coal of England, the following 8
species are now living: Fragillaria Ilarnisoni Sm., Epithemia gibba Ehr., Sphenellc
gUiciaUs Kt.z., (kmplzonerna capitatun Ehr., Nit.schea curvuta Ktz., Cynthdfla &otica Tm.,
Synedra vitrea Kt.z., Dkztoma vulgare Bory.
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Fu.s?dina cylindrica (Fig.
ANIMALS. - Rhizopods are of many kinds.
1069) occurs in the beds from the Subearbouiferous to the Permian in
Europe and Asia; and F. Japonica is a species from Japan described by
The Subearboniferous limestone in northern England contains
Gümbel.
abundantly the arenaceous form, &tCcalnm ma Garieri Brady, occurring as

groups of single isolated spheroids, or occasionally of strings of them, averag-

1129.

1130.

1127-1182.
1128.

1131.

1127.

1132.
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.S'

BP&cnloPobe. - FIg. 1127, Orthothetu (8treptorhynchus) orenletrla; 1128, AthyriB lamellosa; 1129, Tere
bratula (DIelum.e) hastata; 1180, Produotus longlspinus; 1181, SpIrifer giaber; 1182, Nautilus (Trematodtacaa) KonI.nckl. Figs. 1127-1180, do Konlnck; 1181, DavIdson; 1182, D'Orblgny.
ing one eighth of an inch, though rarely one fifth of an inch, and making the
rock to look as if oölitie. It is very abundant in the "four-fathom " limestone of the English Subearboniferous.
113
The St;bcarbonjferous limestone, like the American, is noted
11
for its Crinoids; its many Brachiopods of the genera Pioduetus,
C'honetes, and Rhinchonella; its ('orals of the genus Lilliostrolion,
yathoph,illurn, Zaphrenti. of w hieh on1 the first is found in the
oal
C-meastires; its many Gastropods of the genent Loxonenw,

Pleurotornaria, EIwn?J,/alus, 1fu rCFlisOlli(1, Bellerojilwn, .lfaeroeheilus, etc. ; its many Goniulifes, Nautili, Ort/weeratu, and
Discites; the limited variety of Trilobites: for (aiioids, Sela
chians, and Amphibians among \Pi'teI)ratts.
PhililpeLa sonit.
nifera. Do
Some of the common
ihr;trboniferous Brachiopods are rep
Koninok.
resented in Figs. 1127 to 113" .
Trilobites occur only of the three Carboniferous
genera, Phillipsia,
Griffith ides, and Bracliiirnetopus.
A species of Phillipsia is represented in
Fig. 1133, P. .wnLinifra Mnrr.
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The Subearboniferous beds of Great Britain have yielded 16 species, but
the Coal-measures none.
The foreign Coal-measures have afforded also Eurypterids; Limulids, as
species of .Prestwichia, Fig. 1136, and Belinurus; Crustaceans, of the higher

tribe of Maerurans, as Fig.

1134.

1134, Antliraco

palcemon, Fig.
1135, Gampso
nyx, from Sr-

Saltori. Salter.

bruck; Scorpions,
ons,
one
of

which, from Bohemia,
yclophthalmus senior of Corda, is
shown in Fig. 1137; also Spiders of the genera Architarbus,
Anthracomartus, Geralinura, etc.; Myriapods of the genera
Euphoberia, Xylobius, Acantherpestes, Archiulus.
There were also Insects of many kinds. The Orthopte

roids included Cockroaches, of the genera Etoblattina, Fig. 1139, Anthraco
blattina, Gerabiattina, and others; but few kinds compared with North
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1135.

1135-1139.

1138.

1139.

CRUSTACEAN.-Fig. 1135, Gamp8onyx fimbrlatu. Liwi.u. -Fig. 1136, Prestwtehla rotundata (x ). SC0RPLON. - Fig. 1137, Cyclophthairnus senior. INsIo'r8. - Fig. 1188, Dictyoneura authracophila; 1189, Etobinttina prinneva. Figs. 1185, 1137, 1188, Brown; 1186, Murohlson; 1189, Vogt.
America; Protophasmids (or species related to the modern "Leaf-insects"
and "Walking-sticks ") of several genera, as Titanophasma Fayoi of Brong-
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niart, represented in Fig. 1140, only - the natural size, (which has, as
of a Neuropter with many characteristics of
Brongniart states, the wings
an Orthopter,) Dictyoneura anthracophila, Fig. 1138; D. Monyi, having wings
a foot long, Archceoptilus ingens Scudder, of the British Coal-measures, having
a spread of wing of about 14 inches; also forerunners of the "Dragon-flies,"
one of them having a spread of wing much exceeding two feet. Among the
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1140.

0RTnoPrzR. -Titanophasma Fayoli (x j), with the outline in part ofthe rook.

Brongnlart.

Neuropteroids, the Lithomantis carbonaria of Scotland was probably nearly
Moreover, Beetles, or Coleopteroids, have
six inches in spread of wing.
been reported from the Coal-measures of Silesia, and Heniipters from several
localities.
There were also the inferior wingless species, the Thysanura

(common existing genera of which are Lepisma or Silver-moth, and Podura).
The gigantic Titanophas4'na Fayoli, Dictyoneura Monyi, and the fore
runner of the Dragon-flies, as well as the small Thysanara, were from the

Coal-measures of Commentry, in central France, a locality that has afforded
C. Brongn.iart for description a wonderful variety and number of species.
Remains of Subcarboniferous Fishes are common in Europe and Britain;

the British Islands alone have afforded 150 species.
Among them are Jochliodus contortus Ag., Fig. 1141; Gladodus ?narginatus Ag.;
1141.
Gtenacanthus major, Fig. 1142, one broken specimen of
which is 14- inches long.
Another broken spine, de
.'
scribed by Agassiz, Oracanthus Milieri, is 91 inches long
and 3 inches wide at base.
Fig. 1143 represents a restoration of the Pleuracan
thus (= Diplod?es Ag.) Gaudryi of Brongiiiart, from the
Carboniferous rocks of France - a Shark having a terminal mouth.
The Fishes of the Coal-measures include Selachians also of the genera
000hlloduscontortua(xI).

Gtenodus,

Utenoptychius, Helodus, Gladodus, Orodus, etc., which are also
mostly Subcarboniferous. The most coin mon Coal-measure genera of Ganoids
are Palaoniscus, Amblypterus, Holoptyckius, and Megalicltthys.
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The Amphibians have nearly the same range of characters as the American.
There are Loxomma Ailmanni Hux., from Edinburgh, the skull 10 inches
wide and 14 inches long, and the teeth with
cutting edges; Anthracosauru8

-

1112..

- ... .,. ., . .;. ""; - u- -'--.,
1'
b--'. - ". -.......
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1143.

Fig. 1142, part of a spine of Ctenacanthus mnjor Ag.; 1148, restoration of Plenracanthus Gaudryi (x121),
Brongniart.
Ru8selli Hux., Lanarkshire; Parabatrachus Golet Owen, British Coal-measures ; Ant hracerp eton crassosteum Owen, Glamorganshire ;
Archegosaurus
Decheni Goldfuss, Saarbrück, 3 feet long; A. minor Meyer, Saarbrick;
besides various snake-like and other species.
1. Brachiopods. - Some of the characteristic species, besides those figured, are Pro
ductus scabriculus Sow.; Spirifer speciosus Br., S. cuspidatus Sow., S. disjunctus Sow.;
Chonetes Dalmanianus ICon.; 02-this Michelini Morr.
2. Limulids.-Fig. 1136, Prestwichia rotundata Woodw., Coalbrook Dale; F. anthrax Woodw., Coalbrook Dale; Belinurus trilobito ides Woodw., Ireland, Coalbrook
Dale; B. Regina Baily, Ireland; B. arcuatus Baily, Ireland.
3. Crustaceans. -Fig. 1135, Garnpsonyz fimbriatus Jordan, a Schizopocl; 1134, An
thracopaiarnon Batten, Lanarkshire, A. dubius S., Coalbrook Dale, A. Grossarti S.
Lanarkshire; the broad flattened thorax indicates a nearer relation to .Egiea and Gatathea
than to Pal ce,non. Pygocephalus Gouperi Hux., a Scizizopod, Manchester, England.

4. Myriapods. - Enphohenia Brownit Woodw., Glasgow, E. anthrax Woodw., Coal
brook Dale, Xylobius sigülaria Dn., Glasgow and Huddersfield.

5. Arachnids. -Fig. 1137, C1yclophthalrnns senior Corda, Chomle, Bohemia;
Eophry
nu.s Prestwichii Bucki., Dudley; Geralinura Bohemica ICusta; Architarbus subovalis
Woodw., Lancashire, very near the Illinois species (page 691) ; Frotolycosa anthraco
phila R., Silesia; Anthracomartus Völkelianus Kranch, Silesia.
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6. Insects. - Dictyoneura anthracophila Goldb., from SaarbrUck; D. Humboldt iaua
Goldb., ib. ; Poiioptenus elegans Goldb., ib. ; Etoblattina prinia'va Goldb., ib. ; Gryliacrjs
lithanthraca Goldb. (Locust), ib.; Corydalis Brougniarti Mant., Coalbrook Dale.
7. Amphibians. -The Amphibians included Apateon pedestris IT. v. Meyer, MUnsterthe tail with 75 vertebra,; Qj)/Eiderpeton
appel ; Urocordylus Wandes.fordii Flux., Kilkenny,
BrownriggU Flax., Kilkenny, limbless, snake-like and 8' long; Doliehosoma Ion( issiinum
Fritsch, from Ireland, probably about 31 long and much like the whip-snake; species of
Dendrophis, and of other genera.
The following foreign Coal-measure Brachiopods occur also in the American beds:
Athyris subtiiita, Spirfer lineatus Martin, Productus longispinus Sow., P. latissimus
Sow., P. punctatus Martin, P. scabricuius Martin, P. costatus Sow., Orthothetes
(Streptorhynchus) umbraculus v. Buch, Devonian to Permian.
The Arctic Spitzbergen Coal-measure plants include species of Lepülodendron, Stig
maria, Sphenophyltunz, Asterophyiiites, Sphenopteris, Cordaites; and the Subcarboniferous
of Bear Island (30 In. south), the European species Calamiles radiatus, Lepidodendron
Veitheimanum, Ku orria imbricata, £ acieniaris, Cyciostigma Iciltorkense, Paia'opteris
(Archwopteris) Baiineriana, Sp1tenopteris Sch.imperi, Cardiopteris frondosa, C. poiymor
pha, etc., made a basis by Fleer for his Ursa stage, but supposed by 1)awson to include
some Devonian species. The beds of Spitzbergen contain the Permian species, Productus
horridus, specimens twice the size of those of the European Permian, P. Cancrini Vera.,
P. Leplayl Vera., Gamarophoria Humbletonensis Howse, Strophalosia lameilosa Gem.;
Carboniferous species of Evomphains, Gyathophyilum, Syringopora, Chetetes; and the
Subcarboniferous includes a Cyathophyllum limestone in which there are 4 species of
Corals, 2 of Crinoids, and Spirifcr incrassatus, Terebratula fusiformis, and other Russian
Brachiopods.

LIFE OF THE PERMIAN PERIOD.
PLANTS. -The Permian plants include no Lepidodendrids, a few $igillarids; Ferns of the genera Hen ropteris, Sphenopters, Pecopteris, .Aiethopteris,
Tniopteris, &tgenopteris, Glossopteris, and others; also Galamites, Annularia,

The Conifers included species of
Asterophyilites; Gycads and Conifers.
The genus Waichia, Fig. 1147, Walehia
Dadoxylon, Pin ites, Ulimannia, etc.
piniforinis Sternberg, characterized by lax and short spreading leaves, began
near the close of the Carboniferous period, but is most numerous in species
during the Permian. Tree-ferns of the genus Psaron ins were common, as in
the Upper Coal-measures.
Fig. 1144 is the pinnule or branehiet of a frond of Heuropteris Losehil, a

species common to the Permian and Coal-measures; 1141, showing the \rena
tion. Fig. 1146, Ann ularia carinata Sternberg; in 1146, only the first joint
and its whorl are shown, of natural size; in 1146 a, a branch is shown
(of
reduced size), consisting of its several
and
whorls,
but
the
natural
joints
termination is wanting.
The figures are from the work of Geinitz and
Gutbier on the "Dyas" of Saxony.
The American Permian species that are common to the Permian formation of Europe,
according to Fontaine and White, Pennsylvania Report (1880), are, for the several genera,
as follows: Equiset tIes rugosus, Ca tam tIes Sucko vi, S'phe nophyll urn lo
ngfolium, Annularia
carinata, A. longifolta, A. sphenophyiloides, A. radiata, A. minuta, Neuropteris flexuosa,
N. anriculata, 1sT. cordata, Odontopteris obtusiloha, (lallipteris
conferta : Pecopteris
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boresce,zs, P. Candoileana, P. nreopt'rifli(z, P. pt'nn(rYornzi3, P. latfolia, P. Miltoni, P.
dentata, P. pteroides, P. Pin keneti, P. German, Goiiwpteris eniarqinata, 0. elegan8,
Alt'thopte?is qii/as ; li/zeq)hyilmnn ylliciforpie, It. Iactuea, ''iqi11aria Ilrnrdii. In addition,
Tcuopteris Lescurtana is near T. multinervis, T Vwierryiana near 7'. vittata ; Gau
lopteris elliJ)tiea is allied to C. peltiqera, C'. giqantea to C. microdiscus, and Bafera
Virginia ;a to 13. dq/ita C a.
1144

1 145.
qtTt7__

1144-1147.

1147.

Figs. 1144, 114, Neuropteris Losohul; 1146, 1146 a, Annularia cnrlnata; 114, Walehia pinifurnils. All Geinitz.
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ANIMALS. -Corals of the

Gijathophyilum family, Brachiopods of the
genera Procluctus, ,Spirifer, and Orthis, Pteropods of the genus Gonularia,
Cephalopods of the genus Orthoceras, and Ganoid fishes with vertebrated
tails, give a Paleozoic character to the Fauna. But there are many new
tlbes:
r
I
aniong these, the most prominent is that of reptiles.
This transition character is apparent also in the number of old animal

types as well as vegetable that here nearly or quite fade out, -for it is the
period of the last of the species of Productus, Orthis, Murchisonia; nearly
the last of the extensive tribe of Cyathophilioid Corals, which made coral
reefs of far greater extent than those of modern seas; nearly the last of the
extreme vertebrate-tailed (heterocercal) Ganoids.
1148.

Pnlmnonisous Froleslebeni (x ). Murchison.
1. Fishes. -Ganoids occur of the genera Pukeoniscus, Fig. 1148; Piatyso
mus, Acrolepis, Pygopterus, Ga3lacanthus; genera that are also Carboniferous.
The figure illustrates the heterocercal feature of the species. There were
also Coehliodont and Petalodont Sharks.
DANA'S MANUAL-45
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A species of Dasyceps, D. Bucklandi, occurs at Durham,
2. Amphibians.
England, and others of Branchiosaurus, Hylonomus, Ophiderpeton, etc., in
European beds.

3. Reptiles. - The Reptiles of the foreign Permian, like those of America,
The earliest genus, Pala3ohatteria of Cred
are in part Rhynchocephalians.
A skull
ner (1888) is from the Middle Permian (Rothliegeude) of Saxony.
The palatine bone has
from one of Creclner's figures is shown in Fig. 1150.
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1149.

1149-1152.

REPTILEL -Fig. 1149, Proterosaurus Speneri; 1150, Paheohatterla longlcaudata; 1151, ankle bones (t, astraga
lua,ft, calcaneum, I to V, metatarsals, with T, tibia, and Fl, fibula); 1152, pelvic bones (pu, pubis; ii, ilium;
is, Isehium; wttbf, femur).Fig. 1149, von Meyer; 1150-1152, Credner, '88.
teeth, and also the vomer, as common in
The close relations to
Amphibians.
the New Zealand Hatteria are
The beak-like form
pointcd out by Creilner.
of the anterior part of the head, to which the name
Rhynchocephalian refers,
is absent in this early species of the
Proterosaurus (Fig. 1149) is a
group.
related but more lizard-like form from the
Upper Permian of Thuringia.
With the Palohatteria occurs also
(Credner, 1889) a related Reptile, the
cadaliosaurus.
Like Mesosaurus
(Stereosternum), these Permian Reptiles
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represent the most generalized type of Reptiles, the five tarsal bones of the
Palteohatterja (1 to 5) with which the five metatarsals (r, ii, ill, IV, v)
were articulated are shown in Fig. 1151, in which T, Fi are parts of the tibia
and fibula.
Other Reptiles are the Anomodonts and Theromores. The former have
large tusks in the jaws, and no other teeth; they include the genus Dicynodon
of Owen, which has species in the Permian ]Jeaufort beds of South Africa,
and also in the overlying Triassic beds.
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1. Echinoderms.-Crinoids near Cyaehocrinus; Echinoderms of the genus Archao
cidaris.
2. Molluscoids. Brachiopods. - Spirfer alatus Schioth., England, Lower Zechstein in
Saxony-some specimens 2A inches broad; Spiriferina cristata Day., Zechstein, Germany;
Productus horridus Sow., England, Germany, characteristic particularly of the Lower
Zechstein, and occuring also in the Kupferschiefer; Strophalosia excavata Gem., England,
Germany, S. Gold fussi, ibid.; the species of the genera Productus and S'tropkalosia are
exceedingly abundant in individuals; C'amarophoria Schiotheinil von Buch, Russia,
Germany, England; C. superstes, Russia.
3. Mollusks. (a) Larnellibranchs. - Pseudomonotis spelunearia Beyr., England, Rus
sia, Germany, in the Lower Zechstein; Ciidopho'rus Fallasi Gem., Russia, Germany; My
alma squanzosa Sedg., Russia, England; Avicula Icazanensis Vern., Russia; Bakewellia
antiqua King, England, Russia, Germany; Schizoth(s dubius M., common in England,
Germany, Russia; S. Sehiotheimi Gem., S. obscurus Sow., and S. truncatus King. The
genus &hizodus is of the same family with Trigonia, a characteristic genus in the Rep
tilian age; it commenced in the Devonian and ends with the Perinian.
(b) Gastropods are rare fossils in the Permian. There are a few species of Murchi
sonia, Pie urotomaria, and Straparollus, Paleozoic genera, and of Dentalium, Ilatica,
Turbo, etc.
(c) Pteropods occur of the genera Theca and Conularia.
(d) Cephalopods existed, and among them two or three species of Orthoceras and
Nautilus.
4. Crustaceans. -No Trilobites are known. Ostracoid.s are common. Under Tetra
decapods, the urn pit ipod, Prosopo niscus problernaticus Schloth., Durham, England. Under
Decapods, besides Jlacrurans, there is reported a Crab or Brachyn ran, from the Permian,
of an inch long.
by von Schauroth, who named it IJenzitrochiscus paradox us. It is
Whether a true Crab or not is doubtful.
6. Vertebrates. Fishes. - Paiaoniscus Freiesiebeui Agassiz is common in the Kup
ferschiefer, and is found also in the Coal-measures in England, at Ardwick. Other species
are: Palcuoniscus eleqans Sedgw., P. coniptus Ag., Platysornus niacrurus Ag., F!. gibbosus
BI., Aerolepis &'dqwtc/cu Ag., Py(,opterus ?nafldib ularis A g., Gct'iacanthus granulatus Ag.,
etc. Janassa bit urninosa Miinst. and lVodnika striatula MUnst. are species of Cestraciont
sharks from the Kupferhiefer.
The Paleozoic character of the life of the Permian, as already shown, is strongly
marked. Geinitz observes, further, that the Terebratula (Dielasrna) elonqata Schioth. of
the Zeclistein approaches a Devonian form; C'anctrop/toria &hiotheirni Kg. (Zechstein) is
near the Carboniferous C. crurnena Mart. ; Spirfer Clannyanus Day. (Zechstein), near
the Carboniferous S. Urii; Spirferina eristata, near the Carboniferous S. octoplicata. The
genus Schizodus ends with the Permian, as well as Orthis, £'arnarophoria, Product us, and
Stroph alosia.
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OF THE
GEOLOGICAL AND GEOGRAPHICAL CHANGES DURING THE PROGRESS
COAL-MEASURES.
The beds of the Coal-measures vary in kind of rock between shales, sand
stones, conglomerates, and liniestones, clay beds, iron ore beds, and coal-beds;
and differ in conditions of origin, between those of salt water, brackish
water, and fresh water. Moreover, the beds bear evidence of the changes in
in. the
water level that took place during the progress of the long series,
various regions, the clayey beds beneath the coal evince that they were
the coal-beds, by the absence of
usually of marsh or fresh-water origin, like
marine relics, and the presence of roots and sometimes of stumps of the

trees that grew in the clay as their soil.
In Nova Scotia, where deposits were made during the era to a thickness
of 13,000 feet, the beds of the Subcarboniferous are partly marine, lut the
Coal-measures and Permian are mainly of brackish or fresh-water origin;
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This region was
for only one bed has been found to contain marine fossils.
a wide basin in the Acadian trough, at the mouth of the St. Lawrence River.
Dawson (page 676), occur
Specimens of the Pupa or land-snail, described by
in an under-clay more than 1200 feet below the level of the stump in which
the species was first discovered; and in this interval there are 21 coal-seams,
and
showing, as Dawson observes, that the species existed during the growth
burial of at least 21 forests.
The oscillations in water level, indicated by the alternations in the
inches a century
deposits, were slow in progress; movement by the few
accords best with the facts. When under verdure, the surface must have

lain for a long period almost without motion; for only a very small change
of level would have let in salt water to extinguish the life of the forests and
Hence
jungles, or have so raised the land as to dry up its lakes and, marshes.
the grand feature of the period was its prolonged eras of quiet, with the
land little above the sea limit.
Again, for the making of shales or sand
stones, the continent may have rested long near the water's surface, just
swept by the waves and currents, subsiding with extreme slowness, so as to
make thick deposits without letting in the sea. It may have been long a
region of barren marshes, and, in this condition, have received its iron-ore
It must have been
deposits, as now marshes become occupied by bog-ores.
long in somewhat deeper waters, and covered with a luxuriance of marine

life, in order to have received its beds of limestone holding marine fossils.
Again the land slowly emerged from the waters, and the old vegetation
spread rapidly across the great plains, commencing a new era of coal-making
vegetable debris; or the escape was only partial, and coal-plants took

possession of one part, and made limited coal-deposits, while the sea still
held the rest beneath it.
Uniformity in oscillations of level, through so great
an area, is not probable; and therefore the former continuity of a single
coal-bed through the East and West requires strong proof to be admitted.
Such alternations of verdure and rock depositions occurred also during
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the Subcarboniferous and the
epoch of the Millstone grit; and they were
continued even after the Carboniferous,
during the Permian.
These submergences, although quietly carried forward,
played havoc with
the leaves, trunks, and stumps, floating them
away for burial by the in-washed
sediments.
Some of the transported stumps may occasionally have had
aboard large stones which they
finally dropped, thus putting an occasional
"bowlder"into the forming beds. The encroaching waters at times flowed
with great force and plunging waves, as is shown not
only by the formation
of coarse gravel beds (now conglomerates), but also
by the erosion of the
rock deposits, and in some cases of the beds of
In Ver
vegetable debris.
milion County, Ill., as observed
F.
H.
a
the
by
Bradley,
portion of
Upper
Coal-measures, including shales, argillaceous limestones, and two coal-beds,
were carried away to a depth of 60 feet; and, in the
depression thus made,
a sandstone, which belongs at the
top of the series, was laid down so as to
fill and overlie it. Also, on the same
authority, in Vermilion County, Ind.
the
(adjoining
county just mentioned), the Millstone grit (here a pebbly
sandstone), under the Coal-measures, is cut off short and followed horizon
tally by shale and limestone; as if the grit stood as a bluff in the waters, in
which the latter rocks were deposited. Other evidences of erosion have been
described from these states, and also from Ohio, Kentucky, and Missouri.
The change of level over Iowa, Illinois, and Missouri, which permitted the

Coal-measures to spread northward beyond the limits of the Chester lime
stone, the last of the Subcarboniferous beds, and even beyond the Kinder
hook beds, was of the same nature with the oscillations above referred to.
No unconformity with the Subearboniferous was produced except that of
The little value, as regards time divisions in geological history, of
unconformity by overlap or erosion is well illustrated by the facts here
stated.
overlap.

The coal-beds are thin compared with the associated rocks. But the time
of their accumulation, or the length of all the periods of verdure together,
may have far exceeded the time occupied in the accumulation of sands and

limestones. If there were but 100 feet of coal in all, it would correspond to
more than 500 feet in depth of vegetable debris. The sands and clays which
came in after each time of verdure put under heavy cover the thick bed of
vegetable debris which had accumulated, and thus the decomposition of the

plants and the change to coal took place, under the best of conditions for
In some regions the coal-plants may have been drifted to
coal-making.
their places of deposit; but this was not the usual way in North America.
The great marsh from which proceeded the Pittsburg coal-bed of the
Tipper Productive Measures, according to J. J. Stevenson, was the "parent
marsh" also of the coal-beds above it in the series, times of temporary burial
being indicated by the intervening beds of shale and sandstone during the
progress of a very slow and intermittent subsidence.
A coal-bed itself bears evidence of alternations of condition in its own
lamination, and even in the alternations in its shades of color. A layer one
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eighth of an inch thick corresponds to an inch, at least, of the accumulating
vegetable remains; and hence the regularity and delicacy of the structure
Alternations are a consequence of (1) the periodicity in
are not surprising.
the growth of plants and the shedding of leaves; (2) the periodicity of the
seasons, the alternations of the season of floods with the season of low
waters or comparative dryness; (3) the occurrence, at intervals of several

Floods may bring in more or less detritus, besides
years, of excessive floods.
There may have been
influencing the fall and distribution of the vegetation.
great variations in the length of time before the peat-like vegetation after
its formation was put under the pressure of beds of clay or sand; and the
precise quality of the coal would be varied thereby, the decomposition of the
vegetation depending on the amount of water, the composition of that water,

and the length of time exposed.
In some parts of the marshes there were pools or lakes where the vege
tation was long steeping and so becoming reduced to a pulp, to the oblitera
tion of all bedding; and in such places, according to 4ewberry, cannel coal
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was often formed; for it usually constitutes locally the lower parts of a coal
bed, though sometimes making the whole thickness.
And, as such ponds or
lakes were likely to have their living species, so a bed of cannel coal often
contains remains of fossil Fishes, Eurypterids, Crustaceans, and other species.
The Eurypterus in its bed of Ferns figured on page 677 was obtained from a
locality of cannel coal.
In conclusion, the Coal period was a time of unceasing change, - eras of
verdure alternating with others of wide-spread waters, destructive of all the
vegetation and of other terrestrial life except that which covered regions

Yet it was an era in which the changes
beyond the Coal-measure limits.
went forward for the most part with such extreme slowness, and with such
prevailing quiet, that, if man had been living then, he would not have sus

pected their progress.
In Europe the conditions were similar, in the main, to those of America.
The succession of Carboniferous rocks and coal in the British Isles exceeds
much in thickness that in any part of Europe, very much as that of Nova
Scotia exceeds that of Pennsylvania and the states west.
The greater thick
ness of the formations (if not of the coal-beds), supposing the
peat-making
conditions to exist, has probably depended in each region on the extent of
the slowly progressing subsidence or geosyneline. The
longer continued and
subsidence
in
Nova
Scotia
favored
deeper
greater thickness than in Pennsyl
vania; and the amount of subsidence in
Pennsylvania determined greater
thickness in that state than in Illinois.
So it was also in the British Isles
as compared with Europe.
Far west of the Mississippi in North America
the general submergence of the surface
put a Carboniferous limestone over
the region instead of profitable Coal-measures; and far east in
Europe, Russia
has her barren coal-strata of vast extent, on both sides of the Urals.
For the making of extensive Coal-measures a nice
balancing of the land
surface between submergences and emergences was a
With a very
requisite.
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little too much emergence, even if only a few hundred feet, there
uuid
have been 110 marshes in North America; for the land would have been
drained.
And with a little too much submergence, limestones or barren
sediments of sand or gravel would have covered the region. North America
was admirably- arranged and
poised for the grand result. South America
a
little
too
low, and vast plains, although situated just like
probably lay
those of North America, were left barren.
Europe was not so well off as
North America, because of the less extent of the level land surface, and
the consequently less equable system of oscillations.
Moreover, the lands of
North America were on the wet border of the Atlantic, the western; and
those of Europe, as at the present time, on the
dry border, the two differ
now
a fourth in amount of precipitation.
ing
METEOROLOGICAL CONDITIONS OF THE CARBONIC ERA.
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1.

Temperature of the air and waters.
Using the facts from the re1a
tions of existing plants to climate, -that Ferns and
Lycopods thrive best in
and
tropical
temperate latitudes, and Equiseta in temperate, -it is inferred
from the occurrence of coal-plants of each of these
groups in all latitudes to
the Arctic regions that the climate of the globe in the Carbonic era was no
where colder than the modern temperate zone, or below a mean
temperature
of (300 F.
Similarly, the occurrence in Spitzbergen of Corals of the genera
Litlwstrotion, C'iathophiiuin, arid Syringopora, and of some species of Brach
iopods of twice the size they have in Europe, seems to show that the waters
of the ocean were equally temperate throughout. As to excessive heat in the

tropics, we have no evidence, since the common Carboniferous Brachiopods,
Productus seinireticulatus, P. kngispinus, Athyris subtilita, and a
Bellerophon
near B. Uii are found in the Bolivian Andes.
2.

Hyqrometric conditions. -With the atmosphere so genial and the ocean
so warm, evaporation would have been excessive, rains abundant, and mists
almost perpetual. Over the land on the favored side of the ocean, from the
tropics to the higher temperate latitudes, atmospheric moisture would have

reached its maximum.
The great tropical Atlantic current-a part of the
world's machinery from the beginning of oceans and continents -would
have given moisture freely to the British Isles, more so than to
Europe, and
more to Spitzbergen than to Greenland and the western Arctic lands. More
over, Lycopods, Equiseta and most Ferns like shady as well as moist places.
3. In
of the carbonic acid and moisture of the atmosphere. - If the
amount of carbonic acid used up in the making of Subcarboniferous and later

liiuestiiues, and of coal and other carbonaceous products stored in the
rocks of the Carbonic era, could be ascertained, the amount of carbonic acid
abstracted from the atmosphere by the rock-making and coal-making of the
era would be known.
In view of the facts it is safe to say that the amount
of carbonic acid in the atmosphere at the beginning of the era was at the
least 3 in 1000 parts instead of 3 in 10,000, as it is now.

(See page 485.)
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The presence of this large percentage of carbonic acid and moisture would
have given the atmosphere a correspondingly greater power of absorbing
non-luminous heat, or that radiated by the warmed earth, and it therefore

accounts for the uniformity in the earth's climate.
With conditions, in the climate and atmosphere so favorable, the plants
would have been rapid in growth, in covering emerged lands with jungles
and forests, and in supplying vegetable debris for the thickening peat-beds.
Although the era was one of more clouds than sunshine, growth must have
been, if possible, more exuberant than it is now in tropical America.

The conditions were also favorable for decay.
Old stumps of Lepidoden
drids and Sigillarids, poor in wood, decayed within as they stood in the
swamps, while the. debris of the growing vegetation, or, in some cases, the

detritus borne by the waters, accumulated around them; so that their hollow
interiors received sands, or leaves, or bones, or became the haunts of reptiles,
as was their chance.
FORMATION OF COAL FROM THE BEDS OF VEGETABLE DEBRIS.
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The formation of coal out of the beds of vegetable debris
probably only
made a beginning while these beds lay as open beds of peat.
The process is
carried forward imperfectly in the modern peat-bed, and the best result is a

The deposits of
poor coal, as it contains 25 per cent or more of oxygen.
clay or sand over the peat accumulations of the Carbonic era prevented the
atmospheric oxygen from participating in the change, and to this is due the
better product. The making of coal from wood has been explained on page
124, under Chemical Geology. The resulting mineral coal consists (1) chiefly
of carbon; but (2) anthracite contains usually 2 to 5 per cent of oxygen and
hydrogen, and the bituminous coals often 112, per cent in weight of oxygen
and 4 to 6 of hydrogen; while brown coal, the bituminous coal of later

formations (which ordinarily gives a brownish-black powder), contains 20
per cent or more of oxygen with 5 or 6 of hydrogen.
Mineral coal, therefore, is not carbon, but a
compound, or a mixture of
two or more compounds, of carbon, hydrogen and
oxygen, associated proba
with
some
free
carbon
in
anthracite, and possibly in some or all bitumi
bly
nous coal. In this view, coals are
mainly oxidized hydrocarbons, or mixtures
of them. They are
feebly acted on by cthr or beuzine, if at all, and lien
contain little or no mineral oil, or
only a trace of any soluble hydrocarbon;
but, at a high temperature,
hydrocarbons (compounds of hydrogen and car
bon) are given out, and often
very abundantly, in the form of either mineral
oil, tar, or gas.
The process of the conversion of
woody material into coal is briefly
described on the page referred to.
The vegetable material from which coal
is made may be (a)
woody fiber; (b) cellular tissue; (c) bark; (il) spores of
Lycopods (Lepidodendrids, etc.); (e) resins and, associated substances.
The
following is the composition of (1) dried wood in the mass; (2) cork (the
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bark of Quercus suber) ; (3) the spores of Lycopods; (4, 5, 6) the common
kinds of mineral coal; and (7) peat or vegetable material, partly altered
to the coal-like condition.

II.

Woody ingredients
1. Wood
2. Cork
3. Lycopod spores
Coal products
4. Anthracite
5. Bituminous coal
6. Brown coal
7. Peat

Carbon
49'66
65"73
6480
950
812
687
59.5

Hydrogen
621
8"33
873

Oxygen
4303
2444
2029

25
55
55
55

25
125
250
330

Nitrogen
i"io
1"50 = 100
618 = 100
08
08
2'O
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The relations of these woody materials and coals are still better exhibited
in the following table, giving the atomic proportions of the constituents, car
bon being made 100; the atomic equivalents of carbon, hydrogen, and oxygen
being respectively 12, 1, 16.
1.
2.
3.
4.
5.
6.
7.

Wood
Cork
Lycopod spores
Anthracite
Bituminous coal
Brown coal
Peat

Carbon
100
100
100
100
100
100
100

Hydrogen
150
150
166
33
83
96
112'5

Oxygen
65
30
24
2
12
27
40

There was little ordinary bark in the beds of vegetable debris, since the
cortical part of Lycopods, Ferns, and Calamites is not of this nature; although
nearer coal in constitution than true wood, bark resists alteration longer, and
is less easily converted into coal. The spores of Lycopods often retain their

amber-yellow color in the coal, although undoubtedly changed in constitu
tion.
Resins, which are still nearer coal in the amount of carbon, but hold
less oxygen, are found mostly as resins in coal, especially when they are in.
lumps or grains, but of somewhat altered composition. It is probable that,

in the making of bituminous coal, at least three fifths of the material of the
wood were lost; and in the making of anthracite, about three fourths. Besides
this reduction to two fifths and one fourth by decomposition, there is a reduc
tion in bulk by compression; which, if only to one half, would make the

whole reduction of hulk to one fifth and one eighth.
On this estimate, it
five
feet
in
of
debris
to make one foot
would take
depth
compact vegetable
For a bed of
of bituminous coal, and eight feet to make one of anthracite.
pure anthracite 30 feet thick (like that at Wilkesbarre), the bed of vegeta
tion should have been at least 240 feet thick.

Anthracite coal is a result, according to most writers on the subject, of
the action of heat on bituminous coal, under pressure, attending an upturn
mg of the rocks, the heat driving off nearly all volatile matters it could
develop, and so leaving a coke (the anthracite) behind.

Made in this way,
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the reduction, in the case of anthracite, would be to about one eighth, as
The average amount of ash in anthracite ought, conse
above estimated.
quently, to be nearly half greater than in bituminous coal.

The production of the anthracite of eastern Pennsylvania was referred to
the action of heat on ordinary bituminous coal first by H. D. Rogers, on the
ground of the upturned and flexed condition of the rocks in that part of
the state. The upturning fades out to the northwestward, and the Wilkes
barre anthracite region is on its outskirts.
The heat produced in the rocks
by the upturning need not, for the result, have been either great or much
prolonged; moreover, it would have spread laterally from the area of great
est disturbance, more or less far into the outskirts, as is well exemplified in
various metamorphic regions. The following are other facts favoring this
origin of the anthracite: (1) The coal of the upturned and more or less
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metarnophic Coal-measures of Rhode Island is the hardest of anthracite.
(2) The coal of the Carboniferous Coal-measures of western Pennsylvania,
and that of the states farther west, where the beds are nearly horizontal, is,
throughout, bituminous coal and not anthracite.
(3) Variations in the con
ditions of the coal-making areas over the globe have led to various kinds
of coal without making anthracite. Brown coal, or that containing a large
percentage of oxygen, is known to form where there is much access of air;
and cannel coal, a kind rich in oil-producing hydrocarbons, and little
oxygen,
under conditions of prolonged steeping beneath a deep covering of sediments;
for all the characters of the beds associated with cannel coal indicate, as
Newberrv held, the fact of such a steeping of the bed of vegetable debris.
These are the extreme results, except that more remarkable extreme, the
loss of all the oxygen through union with carbon, and thereby the making of
hydrocarbon oil or gas as the substitute for coal.
Anthracite is not known
the
so
made,
in
among
products
except
regions of upturned rocks, or in the

vicinity of igneous rocks.
Graphite, a grade beyond anthracite, is formed
from the excessive heating of mineral coal, as is
proved in the metamorphic
coal regions of Rhode Island, Worcester, and elsewhere.

GENERAL OBSERVATIONS ON THE PALEOZOIC

ERAS.

GROWTH OF THE AMERICAN CONTINENT.
1. Facts connected with its growth. - The facts which have been
presented
sustain the view that the American continent
throughout Paleozoic time was
in
its
rock
formations
and
gradually growing
dry land, and thereby extend
ing from the Archan nucleus southeastward and southward, but not much
in a southwestward direction. It is manifest, also, that after the Lower
Silurian era had passed, the growth took
place mainly through processes at
work over the great Continental Interior, - a vast American Mediterranean
Sea, bounded on the north, northeast, and east,
More
by Archaan confines.
over, the eastern areas of
progress in New England and beyond had like-
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even

(luring Cambro-Silurian time, each having
been an independent trough or basin. In the Acadian trough the subsidence
carried (Town the bottom of the
trough as deposition went forward, but not
the Arc.liaan ridges along the confines; for if these Archean ridges had sub
sided also, they should have had, at the beginning, the extremely improbable
height of 30,000 or 40,000 feet. The Acadian and the Gasp-Worcester
troughs were sinking, and receiving, in some parts, if not generally, formation
after formation, to the close of the Carboniferous
period; and the Connecticut
valley trough, to the middle or later part of the Devonian era; and this was
not the last, as will be shown, of the rock-making carried on in the Acadian
and Connecticut-valley troughs. The western
part of the Continental Sea
had also its areas of subsidence and
deposition. Only subsiding troughs
received thick deposits for the various formations.
2. Dirersities in kinds nand in thickness of rocks. -The vast Continental
interior, shut away from the more destructive forces of the ocean, afforded
the most favorable conditions possible for the growth of aquatic life, and
therefore

for
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the making of limestones; and the life had no doubt the
luxuriance prevailing in the existing coral reef seas of the tropics.
What this degree of luxuriance is at the present time may be well
learned from the admirable photographs of a volume by \V. Saville Kent on
The Great Barrier Reef of Australia. To see the reefs themselves is better;

but this not being readily attainable, the geological student, who would ap
preciate the profusion of life, and something of the beauty of Paleozoic reef
grounds, should see the photographs. The colors are absent, but there is
The species represented are modern Corals
everything else in the pictures.
of various kinds and forms; but it will be easy, afterward, to think of vast
areas of Crinoids, ancient Corals, and other Paleozoic productions; for the

result is the same in kind, if shell-making Mollusks were the chief kind of
life.
He would learn also the pertinent fact that limestone-making is not
necessarily, or ordinarily, deep-water work.
The effects of the tidal and wind-made currents in forming fragmental

accumulations within the Interior Sea, especially along its borders, have been
variously illustrated in the preceding pages, with special reference to those
of the northeast and east; and there has been brought out to view, also, the
contrast with those of the limestone formations over its interior.
This
contrast was augmented through each of the successive periods by the con
trast in the amount of subsidence in progress: -over the Interior Sea, but
little, the formations only 3000 to 6000 feet thick; over the eastern portion,
a great subsidence, 30,000 to 40,000 feet, because included within the area of
the subsiding Appalachian trough. In the Continental Interior, the Paleozoic
rocks are full two thirds limestones. The coal formation there has many
limestone strata; the Subearboniferous consists mostly of limestone; the
Devonian and Upper Silurian strata are chiefly limestone; the Lower Silurian,

even through the Hudson period, mostly limestone; and the Cambrian
chiefly limestone. The intercalations of strata of sandstone and shale indicate
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the varying locations and effects of the marine currents, owing to varying
depths and changing outlines of the land. The rocks of the northern border
of the Interior area include much less limestone than those of the more
central portion.
3. Maximum thickness of the rocks in North America. -The maximum
thickness of the rocks of North America is not known.
The methods of
measurement of upturned rocks give so very doubtful results and lead
generally to so large overstatements, that a trustworthy estimate cannot be
made. It is, however, probable that the maximum thickness of the Cambrian
is at least 20,000 feet, though only so where the rocks are mostly fra-mental ;
of the Lower Silurian, 18,000 feet ; of the Upper Silurian, 7000; of the
Devonian, 14,000; of the Carbonic, 16,000; making a total of 75,000 feet.
The relative maximum thicknesses of the rocks have been used, first by
S. Haugliton, as a means of deducing the relative duration of geological eras

and periods. There is great doubt over conclusions based on this criterion,
because thickness is dependent so generally on a progressing subsidence
no subsidence giving little thickness, however many the millions of years that
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may pass. But as it is the only available method, it is still used.
Limestones increase with extreme slowness, five to ten feet of fragmental
This
deposits accumulating in the time required for one foot of limestone.
general fact at least is plain, that Eopaieozoic time, or that of the Cambrian
and Lower Silurian eras, was much longer than all the rest, for, as shown on

pages 509, 520, it continued on after the first appearance of Fishes and In
sects, types that were formerly supposed to date from the Devonian. The
ratio for the Eopaleozoic, Upper Silurian, Devonian, and Carbonic is perhaps
7:1:2:2 or 8:1:2:2.
BIOLOGICAL CHANGES AND PROGRESS.
To appreciate the general system of biological progress, it is necessary to
have some knowledge of the general principles under which successions of
forms and structures were produced. The following is a brief review of some

of the principles.
1. From the simple, regular, or primitive in structure to the specialized. Some of the changes included, in cases generally of rising grade, are the fol
lowing: (1) From a structure in which there are two or more functions to
an organ, to one in which each function has its special organ (an organ being
any part of a structure that is more or less independent in action, as even
a digit or a tooth).
(2) From a structure in which the organ correspond
ing to a special function has several uses, to one in which special forms exist
in the same structure for each kind of use.
(3) From simpler forms of spe
cialization to more complex forms, better adapted to the required use.
(4) From any specialized form to others adapted to newly acquired uses,
with either accompanying rise or decline in general grade of structnre.
(5) From structures in which the head has large sense-organs and mouth
organs, to those having all the organs small, and the parts well compacted.
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() From large aquatic stritetures to smaller anti more concentrated terres
trial strut.tues.
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.2.

_l)))ro.riflniIi' )Ural!elis,n, in mum!/ cases under (in i, tribe, between the
ff( / siieeps.joii (1/ st ruclii res Mid i'm/i
ri,oloqiru/ xii i'r'xxion in the (le celopin en! of lie/so, m-1141111 sills . - ( )ii this sul
)Jeet S(' the remarks on page 401.
:;. Ds'qeneriiliun. - (1) In east's where
progress is upward, or where there
is Ito iiianift'st decline in grade :
(a) Degeneration of an organ to a more
form
primitive
; (b) diminished size and often complete disappearance of an
from
djsse, or in consequence of accelerated enlargement in
organ (either
associated organs).
() lii cases of decline in grade : Degeneration widely
in a structure through changes that. have the reverse order of those
in the preceding
enum-erated
paragraphs, leading often through youth-like to
forms;
embryonic
producing low-grade structures that are nearly normal in
form and activity; also lower down,
variously defective structures, sluggish
in movement; and at the extreme limit of degradation in Invertebrates,
structures that are incapable of locomotion after
leaving the young stage;
also, where an animal becomes aquatic among Vertebrates,
producing struc
ures which retain activity, become urosthenic and
inultiplicate, and often
have great length of body and large size.
Deg'neration has its limits.
Degenerate Mammals are mammalian in
their in ore fundamental characteristics. Degenerate Crustaceans are Crus
t:ireatis still, as they show in their embryonic development.
4. From il9sise sfrue(ures to concentrated. - Since the brain or cephalic
besides beinkn-l tile chief seat of
Pfy 11(rlion,
.
0 the source of pbysical energy,
r%
sensorial energy, is the center of control of all the forces of the structures
except the involuntary, concentration consists in a shortening of the radius
of control, or the distance through which it has to act.
Compare a Lobster
with the highest of Crustaceans, a Crab; or a Crab with its superior, an Ant.
Some of the eases included are the following: (1) From a much elongate
structure - the elongation chiefly posterior -to an abbreviated structure.
(2) Front a niultiplicate structure, or one having an excessive or indefinite
number of body segments, pairs of limbs, articulations of limbs, etc. - a pre

'ailing feature of Articulates of the early Paleozoic -to one consisting of a
normally limited number of such parts and usually also an arrangement of
these parts in two or three groups.
(3) From a structure having the pos
terior tart of the body the chief locomotive organ to Otu' having regular pairs
of Ii Ilil)S as the organs of locomotion, and having these pairs of limbs situated
anteriorly iii the structure; in which case the structure is styled ))Odosthenic

(from the Greek for foot and strong).
(4) From a structure in which the
posterior pair of limbs in Vertebrates is the strongest, and which is there
fore merostienic (so-named from the Greek for thigh and strong), to one in
w Inch the anterior feet are the strongest, - a structure styled prosthenic.
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PLANTS.
The line of succession for Paleozoic terrestrial plants has been made
that the Rhizocarps, the simple and small,
apparently clear by the observation
mud-growing Acrogens, few in existing species, of which Salvinia and Mai
silea are two of the four modern genera, were the probable source of the
Through the
spores that so greatly abound in Devonian shales (Dawson).
to
this
author,
the
line
leads
to
the
Protosalvinia, according
up
Equiseta,
of
the
earliest
terrestrial
flora.
that is, to the Galaniltes and Annulariu3
former
in
fructification,
Another simple type of Cryptogam, related to the

that of Selayinelia, which is represented now by only one single genus and
thus shows that it is a type of the past now dwindled, is regarded as the
probable source of the Lepidodendrids, and through them of the Sigillarids,
or semi-exogenous Acrogens, and of the Yews and other true Gymnosperms.
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The special type among these simpler Cryptogams that was precursor to
Since circinate vernation characterizes
the Ferns has not been ascertained.
both Cycads and Ferns, and since a genus of Cycads, Stan.geria, now exists

in which the foliage is Fern-like, it is probable that the line to the Ferns led
beyond to the Cycads, the other grand division of the Gymnosperms, and,
therefore, that the Gymnosperms had a double source.
In the Lepidodendrids, Sigillarids, and related species, Cryptogams reached

their culmination, or their greatest expansion in number of species, and their
The Lepidodendrids have no species
highest perfection in type of structure.
Further, the
in the Permian period, and the Sigillarids none after it.

Equiseta passed, through the Calamodendra, their time of maximum devel
The genus Calamites had later
opment during the Carboniferous period.
species, but they were smaller, and the associated Equiseta were of the
inferior modern type.
The Cycads culminated in later time; and the same is true also of the
more typical Gymnosperms- the Conifers.
INVERTEBRATES.
1. Rydrozoans; Actinozoans. -The Graptolites, Cambrian in their
beginning and Lower Silurian in culmination, disappear with the Lower
Devonian..

The £'yatkop1t,'lloid Corals, or Tetracoralla, also dating froni the
Cambrian, increase in number of genera and species in the Silurian; with

other Corals make coral reefs in the Upper Silurian; are in much greater
numbers, and of larger size, and make still more extensive reefs, but undergo

little increase in genera, in the Lower Devonian; then in the Lower Car
boniferous they almost disappear. Three of the species observed pertain
to the three older genera, C'yathophylluni, Zap hrentis, and Phillipsastrea,
and three are new genera, Lith.ostrotion, Cyathaxonia, and Lonsdaiia.
The
recent discoveries of the "Challenger" Expedition report a living species of
a Cyathophylloid Coral from the bottom of the ocean.
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The Favosites ended in the Devonian, but related tabulate Corals still
exist.
2. Echinoderms. -Cystoids, one of the early Cambrian types, the simplest
of the Crinoid tribe, embryo-like in their want of symmetry, are unknown
after the Devonian.
Crinoids, also 'ainbrian, multiply in genera and species
through the Silurian and Devonian, appear under a marvelous diversity of

forms in the Subearboniferous period, and then rapidly decline, few appearing
in the Permian, and none of the same paleozoic type in after time. The next
period, or that commencing the Mesozoic, has more modern forms under the
genus Enerinus, closely related to the living Pentacrinus.
Starfishes commence in the Cambrian, and Echinoids, the higher Echino
derms, in the Silurian. The latter are abundant in the early Carboniferous
era, but they do not lose in Paleozoic time their low-grade multiplicate
characteristic; that is, the excessive number of vertical series of plates in
the shell.
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3. Molluscoids. -The Brachiopods, earliest Cambrian in origin, the most
abundant of all Paleozoic animal life in species, and in individuals under
species, had the larger part of the groups, to which they are referred, intro
duced in the Cambrian and Lower Silurian, but were most numerous in
genera and species in the Upper Silurian and Devonian. And although of
many species and few genera in the Carboniferous and Permian, the type
appears to have lost, at the close of the Permian, all the genera then existing
These are: Lingula, Crania, Spirifer, and Rhynchoneila;
excepting four.
all of these continue into the Mesozoic, showing remarkable adaptability
to varying conditions.
Further study may subdivide the genera; but the

general fact remains as regards the groups. The early Cambrian Orthis group
continued through Paleozoic time, but appears to have ended at its close.
4. Mollusks. -The tribe of Pteropods-if the species, so referred, rightly
belong here-had predominance over other Mollusks in the Early and Middle
Cambrian, the species being many and large.
They were numerous also in
in
numbers afterward. Conulari
the Lower Silurian; but they diminish

of much more uncertain relations -existed in the Upper Cambrian, but had
their largest species in the Silurian, Devonian, and Carboniferous. They are
rare fossils afterward; the last known is from the Lias.
Larneflibraiiclis and Gastropods, commencing in very small forms during
the Early Cambrian, increased slowly in number of genera through the
Paleozoic, without reaching a culminant condition in either of their higher

The Cephalopods also culminate after Paleozoic time.
One of
divisions.
the early genera, Orthoceras, had species of large size through the whole
Paleozoic, and survived until the middle of the Mesozoic.
5. Limuloids. - Limuloids of Eurypterid type commenced in the Lower
Silurian, have species of great size in the Upper Silurian and Devonian, in
which era they passed their culmination, and ended with small species in
the Carboniferous era. The family of Limulids, a branch from the earlier
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Limuloids, appeared in the Silurian. They existed through the Carbon
iferous era, and under more compacted forms have been continued to the
present time, four species now representing the genus Limulus, one North
The Carboniferous
American, and three East Asiatic and East Indian.
genera Belinurils and Prestwicliia represent, under an adult form, rather
closely, the young of the modern Limulus; and Gyclus Packard considers
as representing a still younger embryonic stage of Limulus.

Crustaceans. -It is stated on page 526, that Trilobites had their culmi
nation in number of genera, and in number, size, and grade of species, in the
Lower Silurian. They continued, with few new genera, but under many new
species, in the Upper Silurian, and appeared under some extravagant spiny
6.

forms during the Devonian; but afterward, in the Carboniferous era, the
The number of new
species were few and simple, only a score being known.
Carboniferous genera yet found is only two, and these are closely related to
the Devonian Pro etus. Here the type ends.

No other subdivision of Crustaceans appears to have passed its culmina
tion in Paleozoic time excepting that of the Ostracoids, or the bivalved
Crustaceans (page 525).
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The Cirriped or Barnacle tribe, a degenerate group, derived from some
family of Ostracoids, as remarked on page 421, and one of the lowest stages
of Crustacean life, appeared as early at least as the Lower Silurian.
Other tribes of Crustaceans continue to expand.
True Isopods make
their appearance as early as the Devonian, and probably in the successional
line of the

Trilobites.

The Decapods are represented by Macrurans (or
Shrimps) in the Devonian, and by Brachyiirans (Crabs) in the Carboniferous.
Trilobites and many of the so-called Phyllopod Crustaceans are examples,

as has already been stated, of multiplicate forms, or those having an excessive
number of segments and members.
The Early Cambrian Protocaris of
Walcott (page 474) is a good example of a multiplicate, Apus-like Phyllo
pod, precursor of the true Decapod type. But normal numbers in segments
exist in some of the "Phyllopods," even those of the Cambrian, the abdominal

segments being reduced in number to six, the normal number in the Crusta
cean type, and in the same Phyllopods the thorax also has apparently its
normal number of body segments ; in which case they are not multiplieate,
unless in. legs, and these are not in sight in the fossil specimens.
With
the appearance of rfetradec
I and Decapods in the Devonian, typical num
bers, as to body segments and limbs-that is, for all parts of the structure
-have full expression; for the Isopods appear to be
(in view of the
researches of Walcott, Matthew and Beecher)
essentially lion-rnultiplicate
Trilobites.

Derivation of Limulolds and Crustaceans. - As has been suggested by
Lankester (and is recognized on page 423), it is probable that all the Articu
lates are successional to the Rotifers.
There is reason for believing, further,
that the type of Annelids, that of Crustaceans, and
probably that of Limuloids,
had their independent Rotifer origin.
7.
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The Nauplius, or larval form, of a Crustacean shows, by its having but
three pairs of limbs (two besides an antennary pair), that the type is not
successional to a inany-jointed Annelid, but rather to some type of Rotifer.

The Eurypterids, the early form of the Liinuloids, are related to Crusta
ceans in the. number of body segments, it being 19, as in the Tetradecapods;
and in the fact that 13 of these 19 segments pertain to the thorax and
abdomen.

But the wide distinction exists that the Eurypterids have no
thoracic or abdominal limbs, and the only true feet which they have are also
at base mouth organs; that is, organs that pertain to the head. Moreover,
as has been shown to be true in Limulus by Packard and others, they do not
pass through the Nauphus stage in their development. These diversities
and agreements appear to indicate a derivation for the Limuloids nearly like

that of the Crustacean type, but probably not from Crustaceans. But since
Limuloids cannot yet be. proved to have existed before the Trenton period in
the Lower Silurian, a derivation from some species related to the Ceratio
carids is possible.

Since many of the Eurypterids were fresh-water or brackish-water species,
the transfer to fresh water may have been an incident attending the diver
gence; and, also an explanation of their attaining so great dimensions, fresh
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waters having been their protection. The large Euryptericis, several feet in
length, would have been helpless among Sharks and Ganoids.
S.

Myriapods, Arachnids, Insects. -Arachnids and Insects have their
Upper Silurian species, but the first of Myriapods yet found are from the
Lower Devonian.
The remains of Insects in the Lower and Upper Silurian, together with

those of the Devonian and Carboniferous, indicate, according to Seudder and
Brongniart, that Hemipteroid, Neuropteroid, and Orthopteroid species, and
more or less intermediate forms, were then the common kinds.
Nothing
about the earlier forms of Insects is known. The existence of six pairs of
wings instead of four, that is, one for each segment of the thorax, may have
been a primitive feature; but this is not considered probable. The great
size of some of the Devonian and Carboniferous species is a remarkable
feature of the age. A spread of wing exceeding two feet is a size now

existing only in large Bats and Birds.
The Neuropteroids and Orthopteroids were the predominant types; and
among them were intermediate species, as has been already illustrated. The
latter type as regards the family of Cockroaches, as explained by Scudcler,

culminated before the close of the Paleozoic. Previous to its close, the wings
of the two pairs in these species were alike in diaphaneity, very nearly alike
But in the following
in size, and hence equally efficient as flying organs.
from
Colorado),
the
anterior pair begin
period (as illustrated by specimens
in
the
and
obscuration;
and
to show some thickening
present era nearly all
coriaceous,
and
the
anterior
fitted to serve, as in
the species have
wings
Beetles, almost solely or solely as wing covers.
DANA'S MANUAL-46

The posterior wings, on

722

HISTORICAL GEOLOGY.

Scudder
the contrary, have retained their transparency, neuration, and use.
remarks, further, that a similar change took place after the Paleozoic, in the
to a less extreme degree; and it appears
Orthopteroids generally, though
therefore that the Carbonic era was the time of culmination not only for the

The change was a loss of
Cockroach family, but for the tribe as a whole.
locomotive function by the anterior pair of wings, and an example therefore
of degeneration; and it was attended, as Scudder states, by a great loss in
the size of the species, and especially of the wings; the mean length of the
anterior wings in the Paleozoic species of Cockroaches being a little over an
inch (26 mm.), and 40 per cent less in later kinds.
Among Jiemipteroid
had
the wings of both
of
Germany,
species, the Permian Eugereon Bockingi,

pairs similarly diaphanous, while in the Plithauocoris of the Permian of
Missouri, described by Scudder, the anterior pair were much thickened; the
It is probable
result, probably, as in the Orthopteroids, of degeneration.
that Carboniferous Beetles had a like method of origin from insects having
four diaphanous wings; but the line of descent remains unknown.
The Scorpions of the Upper Silurian are much like those of modern
time. The type is the lowest among the tribes of Arachnids, notwithstanding
their size. As in a Crustacean or Eurypterus, the body (Fig. 799) obviously
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consists of a cephalothorax and a long abdomen.
True Spiders have not yet been found in rocks earlier than the Carbon

iferous; and this is probably because Spiders are so little likely to be fossil
ized; for they are not only smaller animals than the Scorpion, but also they
are unlike them in not having a durable exterior.

9. Derivation of Arachnids. - The line to the lower and earlier Arachnids
-that is, to the Scorpions -leads up, according to Van Beneden, Packard,
The early Scorpions,
and others, from the early Pterygotus-like Limuloids.
as well as the modern kinds, have the same number of body segments as a

Eurypterus or Pterygotus: namely, seven thoracic and six abdominal (pre
cisely the normal number in Crustaceans) ; the same cephalic relations of the
legs; the same absence of abdominal appendages; a like absence of thoracic

appendages from all the segments excepting the first two; and similar func
tions in the members pertaining to these two segments.
Further, accord
ing to B. Peach, these early Limuloids sometimes have, like the Scorpions,
pairs of "combs" or pectinated organs on the underside of some of the
thoracic segments.
But in this change from an aquatic to a terrestrial species the upward
The four posterior pairs of feet in the
progress in structure was great.
terrestrial Scorpion have no longer the low-grade feature of serving for jaws
as well as feet, but are simply feet; they are the chief organs of locomotion,
and only those of the anterior pair are appendages to the mouth.
The
antennae are shortened to pincers (falees) that also serve the mouth.
The

four pairs of feet are thus cephalic organs, if comparison be made with
the Limuloids and Crustaceans; though in Arachnology, they are called
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thoracic.

Air-breathing was another new feature; and for this purpose parts
of the body had air-vessels or trachea which opened by breathing holes, or
spiracles, on the under side of four of these "thoracic" segments. In the
later true Spiders the body had lost its Eurypteroid abdomen, but had still,
in Paleozoic species, its distinctly segmented thorax; and this thorax is the
abdomen of Arachnology.
(It is segmented in some modern species, while
in others the subdivisions have become obsolete or are but faintly indic.ted.)
The abdomen of the Eurypterid, however, exists as a slender jointed thread in
Geralinura of Scudder, of the Carboniferous, which has its Illinois and also
Bohemian species, and has survived till now in the modern Thelyphonus.
10. Derivation of Myriapods and Insects. - Myriapods, although inferior
to Insects, are as yet known only from the early Devonian. The Devonian
species, and also those of the Carboniferous, are of the Milleped, or lower,
doubly-multiplicate section of Myriapods, with one exception, that of the
remarkable few-jointed, caterpillar-like Pakocanipa of Meek and Worthen.
The fact of a line of succession from Worms to Myriapods and, from
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The
Myriapods to Insects has not been proved by geological discovery.
derivation of Myriapods from some type of Annelids is zoölogically suggested,
as long since recognized, by the apparently transitional form of Peripatus, a
low-grade Myriapod resembling much the larve of some Insects, and by the
like multiplicate structure of Annelids and Myriapods. It might be inferred
also from the resemblance of the Paheocampa of the Illinois Carboniferous
to the caterpillar of an Insect of the genus Aretia, as remarked by Scudder.
Myriapods are regarded as the precursors of Insects, on account of their
approximate resemblance to the latter in antenn and the appendages of the
mouth, and because also of the worm-like form of most Insect larves, these
larves appearing to be survivals of the Myriapod stage.
In the change from
an Annelid and Myriapod to an Insect, the rnult?piu'ate feature disappeared,
and the number of parts became essentially the fixed normal number of the
type, both as regards the body segments and their jointed appendages.

The rise of grade from the Myriapoci to the Insect involved the appropria
tion of the three body segments of the Myriapod bearing the three anterior
pairs of feet (which correspond normally to half the body segments of the
head of an Isopod Crustacean) for forming the isolated middle section of
the body called the thorax, and the suppression of all the other pairs of feet.
In both Spiders and Insects, the change involved also a general concentra
tion of the structure toward the cephalic nervous center; that is, a shortening
of the range of cephalic control, and especially the distance to the posterior

limits of locomotive action.
While in the Cockroach, and related low-grade species, there is no proper
metamorphosis, in higher Insects, as they rise in grade, the larval stage is
lower and lower in embryonic level, becoming, in the highest, destitute of
locomotive organs; and this fact suggests that the larval stage results from
an attendant retrograde embryonic change toward, and to, a line parallel with
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the Myriapod type, and beyond this, to the memberless condition of the
Worm. This accords with a common fact that the higher the species, the
longer the stage of youth.
The relations in body segments and limbs between the classes of Crust*
ceans, Limuloids, Arachnids, Myriapods, and Insects, are shown in the
following table. The segments of the parts of the body are numbered along
the left margin ; the zero opposite signifies that the segment, though present,
has no appendage.
OBUSTA-

ARACHNIDS

OEA1TS
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1. 1st Ant. '
2. 2d Ant.

Pterygotus

Ãˆ

4. Mx.
5. Mx.
6. Mx.

8

c3

J
N

M

kl

0

E^

P.

7. P.
1.App.
2.App.
3. App.
4. App.
6.App.
6.App.

'

0

3. M.

6.

7
I
I

PODS
INSECTS

Tetradeoapods

1. P.
2. P.
3. P.
4. P.
6. P.

MYRIA-

Y

'

M-P.
M-P.
MOP.
M-P.

Ant.

*2

M-P.

2cu

M-P.

a

ffi M-P.

M-P.

M-P. ,

MOP.

Fol. P. 1
Fol. P.

Fol. P.
Fol. P.

0
0
0
0
0

a

,

Scorpion
Ant.
M-P.
M-P.

'

a2

MOP.

M-P.
M-P.

Jithobim

P.

,

Fol. P. ^
O
Fol. P.
Comb
Fol*P*
0
Fol. P. 5
0
Fol. P. C:
0
Fol. P.
0

'e^

i?

z

g

0
0

0 ,

0

0

/

'

g

Â
c

rn

2

,

0
0
0

>Â
3
,

In this table, the following abbreviations are used : Ant., antenna ; App., pairs of
jointed appendages, either pediform or branchial ; M., mandible ; Mx., maxilla ; P., feet ;
M-I?., feet that serve also as jaws ; Mx. & L. (under Insects), maxillte and labium ; Fol.
P., foliaceous or lamellar feet or appendages.

Under the Limuloids, the genus Eurypterus fails of antenna ; but they
are present in Pterygotus, and are chelate ; and this chelate (or thumb-andfinger) form characterizes also the modern Limulus, the Scorpions, and the
common Spiders. In the table, the two pairs of maxilla} of Insects are
assumed to belong to a single body segment, ;is held by many zoologists,
including (as he himself informs the author) S. I. Smith ; the table shows
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that, with this admission, the thorax and head of an Insect are essentially
homologous with the head of a Tetradecapod Crustacean.
VERTEBRATES.
1. Fishes. - The Pteraspid section of the Placoderms, having long verte
brated tails fitting them to be fleet scullers, commenced (according to the
present state of the facts) in the Lower Silurian (page 509). Cotempo
raneouslv (the same locality attesting) there were normal Ganoids, the
Crossopterygian, which till recently were supposed to have made their first
appearance in the Devonian.
Along with these there probably existed also
the Chimaroids, precursors of the Selachians, - a type of primitive features
now almost extinct.

The Devonian adds to these paleozoic tribes the Brach late Placoderms,
admirably armor-clad fishes. But they were short in body, and hence poor
at sculling, but were furnished with pectoral limbs in the shape of arms that
seemingly fitted for crawling and grubbing over muddy or sandy
bottoms rather than for swimming.
Although the appendages are called
"arms," and the Fishes were in appearance "brachiate" (Fig. 982, page
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were

624), the pectoral fins (to which they correspond) are homologous with the
hands in Vertebrates and not with the arms.
They were a poor equip
ment for either aquatic or terrestrial service, and the species end with the
Devonian.
At the same time the Devonian waters were full, as has been shown, of
Selachians, Dipnoans, and typical Ganoids, of great diversity in characters,
and many of them unsurpassed at any later time in magnitude.
Fishes appear to have reached their highest grade of vertebrate structure,

and thus to have culminated in the Dipnoans, -species that have not only
lungs for breathing, as well as gills, but also, in the Ceratodus. a genus dating
from the Carboniferous, a finger-like jointed midrib to the pectoral fin
(Archypterygian), with jointed branches diverging from either side of it.
No records of the precursors of Placoderms, Ganoids and Sharks have yet

The little Ainp1iioxu.', of existing seas (page 418),
been found in the rocks.
is supposed to represent one of the early forms, because, while having the
general characteristics of the class, it is strikingly like an Invertebrate in
part of its embryological development. The Ascidians are probably degen
erate forms, as held by Lankester, derived from some species of still
lower grade.
All Fishes are in several ways eminently multiplicate species. This is
seen in the number of vertebrie ; of articulations in the limbs when articula
tions exist; of teeth, and of tooth-bearing parts in the mouth.
Amphibians and Reptiles. -The line from the Fishes to the Amphibians
is supposed to have been from the Dipnoan section. The resemblance in
Amphibians to the Ganoids generally is in many respects close, it extending
even to the form and structure of their labyrinthine teeth; and the Dipnoans
2.
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already had the lung for respiration, which is the characteristic feature of
all terrestrial Vertebrates.
In rising from the multiplicate structure of the Fish to the grade of
a fixed or normal limit in the
Amphibian, the Vertebrate type reached
number of limbs, in the number of the bones of the fore and hind limbs,

including even the number of digits, but not in the number of articulations
In the typical species of the old Carboniferous Amphibians
of the digits.
the fore limbs have the scapula, humerus, radius and ulna, wrist bones, and
the five fingers characteristic of the higher Vertebrates.

Further, in rising to Amphibians, the method of progression, which is
urosthenic in Fishes, became pociosthenic in the adult Amphibian.
The
retains
the
urostheiiic
feature
and
the
of
the
gills
young Amphibian, or Tadpole,
when
feet
are
Fish; but in passing to the adult stage,
developed, the higher

Amphibians lose both the tail and gills and have only feet for locomotion.
The tailed Amphibians are intermediate forms representing the stages of
progress. The absence of limbs in the Amphibian Snakes of the Carbon
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iferous is probably a ease of degeneration.
In this higher grade of Vertebrates
True Reptiles occur in the Permian.
the fish-like features of gills, and of tails for locomotion, are absent in the

Besides, the
young state, and feet are throughout the locomotive organs.
number of joints in the digits of the fore and hind feet of these terrestrial
Vertebrates has essentially the normal limit. But the teeth in the earlier

species are still multiplicate in number and in series.
One prominent difference between the Reptilian and Amphibian skeletons
is the existence in Amphibians of two occipital condyles for the articulation
of the skull with the first cervical vertebra, while in Reptiles there is but
In this feature Mammals, as early stated by Huxley, are more nearly
related to Amphibians than to Reptiles or Birds.

one.

REALITY OF THE PALEOZOIC WORLD.
The term Paleozoic is not simply a name for a division of geological time.
It expresses a profound historical truth.
It signifies the reality of a Paleo
zoic character in the world's early life which was exhibited not only in the
very earliest of plants and animals, but also throughout the succession of
species, and so decidedly that the Paleozoic world stands out in bold contrast
with. the Mesozoic.
This truth has the greater importance inasmuch as

Paleozoic species were the earth's population for more than half of all post
Archan time.
The truth of this statement is obvious after the review of Paleozoic life
on the preceding pages.
Corals, Crinoids, Trilobites, Brachiopods and Mol
lusks, even of their highest group, that of Cephalopods, commence in the
Cambrian and are prominent through the Paleozoic. Trilobites end near the
close of Paleozoic time. The prolific Brachiopods at its close lose nearly all
their Paleozoic genera; Crinoids drop their Paleozoic characteristics, and
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Corals also with few exceptions; Nautiloids lose nearly all their Ortlioceras
like forms; while the coiled Nautilus-like species culminate in the Carbonif
erous, and have few speies and genera afterward.
So the Insects had
l'aleozoie features which were dropped at the same time, and one division
passed its time of culmination. The l'laeoderm, Dipnoan, and Ganoid Fishes,
which were eminently Paleozoic types, culminated in the Devonian and Car
l)OIiie eras, and only interior Dipnoans and (.4auoids existed later.
Cryptog

amous Plants culminated in the Carboniferous era, and only the Calamites
and some. related genera, and a few genera of Ferns survived into the
Mesozoic.
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Should discovery open to view earlier species than those now known in
the Cambrian, they would be only earlier representatives of Paleozoic types,
or their precursor embryonic kinds. And if some of these latter existed in
preceding Archaan time, this fact would be parallel with the appearance of
many Mesozoic types in the course of Paleozoic time.
Time disappearance of species at the close of Paleozoic time was not due

chiefly to physical catastrophe, for the Trilobites had dwindled greatly by
the close of the Devonian; and similar expansions to culmination in many
other tribes, with subsequently a commencing decline, have been mentioned
in the preceding pages, both among plants and animals.
How far such culminations were a consequence primarily of laws of
growth it is not possible to say. There is no doubt as to their connection

with physical changes in progress. One of these physical changes was the
slow removal of carbonic acid from the atmosphere. The making of shells,
corals, and Crinoid skeletons, and thereby the making of limestones, was,
through Paleozoic time, dependent mainly on carbon abstracted from the
carbonic acid of the air and waters; and vegetation, so far as its products
became stored in the rocks, in the form of coal, oil, gas, and other carbo
naceous products, involved a further abstraction, as explained on page 485.
The purification of the air which was thus carried on was the means of fitting
it for Spiders, Insects, and other terrestrial life, and afterwards for Am
phibians, and finally for Reptiles. Change in animal as well as vegetable

types must have been involved in this using up of the deleterious carbonic
But the extent of its influence can only be conjectured.
An examina
acid.
tion into the amount of carbonic acid which air can contain without being
injurious to different kinds of Insects, and to Amphibians, Reptiles, and
other species, would have much geological interest.
Decline in the tempera
ture of the sea and air through Paleozoic time also had its influeLce. But it
is not safe at present to attribute special facts to this cause.

SECTION OF THE PALEOZOIC ROCKS OF PENNSYLVANIA.
The following section of the Paleozoic rocks of Pennsylvania, published by H. D.
Rogers, after the first survey of the state, is here added because of its geological and
historical value.
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Lower Silurian.
I. Potsdam. - "Primal Series" of Rogers: sandstones and slates,
II. Calciferous. - " Aurora!" calcareous sandstone, 250'.
Ghazy. - "Auroral" magnesian limestone, with some cherty beds, 5400'.
Trenton. - " Matinal" limestone, with blue shale, 550'.
III. Utica. - "Matinal" bituminous shale, 400'.
Hudson. -" Matinal" blue shale and slate, with some thin gray calcareous sand.
stones, 1200'.
Upper Silurian.
IV. Oneida. - "Levant Gray" sandstone and conglomerate, 700'.
Medina. - "Levant Red" sandstone and shale, 1050'; and "Levant White"
sandstone, with olive and green shales, 760': total, 1810'.
V. Clinton.-" Sargent Series," shales of various colors, both argillaceous and cal
careous, with some limestones, ferruginous sandstones, and iron-ore beds, 2600'.
Niagara. - Not well defined; possibly corresponds with part of the "Surgent
Series."
SaUna. -" Scalent" variegated mans and shales, some layers of argillaceous
limestone, 1650'.
VI. Lower Helderberg. -" Scalent" limestone, thin-bedded, with much chert, 360';
"Pre-meridian" encrinal and coralline limestone, 250': total, 600'.
VII. OrLskany. - "Meridian" calcareous shales, and calcareous and argillaceous sandstone, 6201.
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Devonian.
VIII.

IX.

Upper Helderberg, Cauda-galli. - "Post-meridian" silico-calcareous shales, 200' to
300'.
Corniferous. - "Post-meridian" massive blue limestone, 80'.
Marcellus.- "Cadent" Lower black and ash-colored slate, with some argilla
ceous limestone, 800'.
Hamilton. - "Cadent" argillaceous and calcareous shales and sandstone, 1100'.
Genesee. - "Cadent" Upper black calcareous slate, 700'.
Portage. - "Vergent" dark-gray, flaggy sandstones, with some blue shale, 1700'.
"
Chemung.
Vergent" gray, red, and olive shales, with gray and red sand
stones, 3200'.
Catskill. -" Ponent" red sandstone and shale, with some conglomerate, 6000'.

Carboniferous.
X. Pocono. - " Vespertine" coarse, gray sandstones and siliceous conglomerate at
the eastward, becoming fine sandstones and shales at the westward, 2660'.
XI. Mauch Chunk.- "Umbral" fine red sandstones and shales, with some limestone,
3000'.
XII. Millstone-grit, or Pousville conglomerate.-,' Seral" siliceous conglomerate, coarse
sandstone and shale, including coal-beds, 11001.
Coal-measures. - 2000'-3000'.

POST-PALEOZOIC OR APPALACHIAN REVOLUTION.
Paleozoic time closed with the making of one of the great mountain
systems of North America-the Appalachian, besides ranges in other lands,
and in producing one of the most universal and
abrupt disappearances of
life in geological
history. So great an event is properly styled a revolution.
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MOUNTAIN-MAKING IN NORTH AMERICA.
The various steps in the making of the Appalachian Mountain Range,
or Synclinorium, and the events of the prolonged catastrophe, have been
reviewed at length on pages 353-357.
It is there stated that general quiet
prevailed over the continent throughout the Paleozoic eras, with the exception
of the interval of Taconie upturning, and those gentle oscillations of level
The extent
in the earth's crust that seem to have been always in progress.
and steps of progress in the geanticline of deposition, which began in the
early Cambrian, has also been explained, and particulars mentioned as to its
variations in eastern and western limits, as shown by the limits of the several
formations; and its inequalities in rate of subsidence over its different parts

and in successive periods, as indicated (1) by the varying thickness of the
formations from nothing to thousands of feet, and also (2) in the varying
kinds of rocks from shales to conglomerates and limestones.
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The review of the facts relating to the history of the successive formations
from the Cambrian, onward has given greater definiteness and reality to the
events. Moreover, it has derived new illustrations of the changes from the
remains which the rocks contain of the life of the world. The varying con
ditions of the preparatory geosyneline during its progress have thus become
strongly apparent; and they will be much more so when the limits of the
successive formations, now so well understood over New York, shall have
been as thoroughly investigated by the paleontologist and geologist over
Pennsylvania, the Virginias, and beyond.
The general facts connected with the upturning of strata, 30,000 to 40,000
feet thick, which the geosyncline at the end contained, have also been

reviewed; and an account given of the flexures of the beds in many long lines,
and the general parallelism of the flexures, but with interruptions and over
lappings, and of upthrust faults of 10,000 feet and more. Mention has also
been made of curves in the course of the finished mountain range; one bending
from north-by-east in the northern or Catskill portion to east-northeast in
Pennsylvania, the whole nearly parallel with the eastern and southern outline
of the nucleal Arehaan mass; the other, from Pennsylvania to Alabama and
Mississippi, and becoming at the south nearly parallel with the Mexican Gulf.

The courses and character of the flexures in the nearly east-and-west
portion of the range in Pennsylvania are well shown on Lesley's topographic
in consequence of the denudation
map of the state, although greatly disguised
A copy of the
that has taken place since the time of mountain-making.
the
courses of the multitudes
map (Fig. 1153) is here introduced, exhibiting
either
side
of the channel of the
of ridges, and their bends and terminations

The map is here reduced to too small a scale to show
Susquehanna River.
all the minor flexures, and a diagram is added (Fig. 1154) giving in simple
lines the courses, positions, and bends of the various ridges over the center of
the state.
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hi the Itia) Oil page 730 the lines TS, I C are [lie outline of the Triassic area of
Pennsylvania. The transversely lined areas on its western part are the oil-producing
and gurns-producing areas of the state ; the former light-line(I, the latter dark-lined.
The character of the ridges ill this east-northeast
portion of the ranges, as
they approach the Susquehanua on either side, their many small zigzag
flexures (well exhibited in the diagram), and at the same time the wider
spacing of the ridges there than to the westward, w1ire the Appalachian
Range takes its more normal northeasterly course, are points to be noted.
These diiIereiices appear to have resulted in some
way from the inequality
of the action of the orogenic lateral
pressure in the two directions ; that is, at
to
the
normal northwesterly course, and to the less normal north
right angles
northwesterly.
The course of the Susquehanna River appears to have been
determined by the warpings then occasioned.
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1154.

Diagram, showing the courses and flexures of the ridges in central Pennsylvania. From map by Lesley.
Abbreviations C, Chiarnhersbnrg; Ce, Carlisle; 1), 1)anvilio; 0, Gettysburg; 11, Harrisburg; Un,
Huntington; L, Lewisburg; NB, New Bloomilold; P, I'ottsrihio ; H, Reading; W, Wilhiamaport; Wk,
Wilkesharre; Y, York.
The map also shows the parallelism between the positions of the oil-well
and gas-well areas in western Pennsylvania and the trend of the mountains,
and indicates a relation in their positions to the mountain structure, as already

pointed out. The region of the anthracite is to the eastward, as will be
seen on comparison with the map on page 730; while to the west and south
west there are the great areas of bituminous coal.
The Appalachian Range is a single mountain individual, or synclinorium,
nearly 1000 miles long. But it is only one of the ranges made at this time
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in eastern North America. There was another to the eastward, the Aca
dian Range, extending from Newfoundland probably to Narraganset Bay in
Rhode Island,- a distance exceeding 800 miles, and still another, that of the
Ouachita Range in Arkansas (pages 380, 389).
In the Acadian trough the beds of Cape Breton and Nova Scotia are
variously flexed, and at the southern end of the trough, in Rhode Island and
part of Massachusetts adjoining, there are like evidences of disturbance; and,
moreover, the coal is changed to anthracite, and in some places to graphite.
Since the close of the Lower Silurian was an epoch of upturning for the beds then in the
northern part of the Acadian trough, it is probable that it was so for the whole trough,
including the coast of Maine and the Cambrian beds of the Boston basin. But there is no
direct evidence as to this or to later tunes of disturbance along the belt except in the Nova
Scotia, New Brunswick, and Maine regions. Slates, grits, conglomerates, and eruptive rocks
occur in the Boston basin above the Cambrian, without fossils or any other evidence of
age; and, as described by Crosby and Bouvé, they may be of any period from Cambrian
to Carboniferous.
The three ranges, the Appalachian, Acadian, and Ouachita, constitute
together the Appalachian Mountain System. The length of the whole region
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of orogenic disturbance is over 2000 miles.
The Gaspd-Worcester trough, which contains some carbonaceous beds,
with graphite, at Worcester, underwent post-Carboniferous upturniiigs.
But
details are wanting.

It is probable that various dislocations and anticlines over the states north along the
Mississippi valley date from this epoch; and in Illinois, several lines of dislocation, between
northwest and west-northwest in trend, have been described by Worthen (Geol. Rep., i.,
1866). (1) One crosses the Mississippi in Alexander County at the" Grand Chain," where
the Trenton forms a ledge across the river; (2) another at Salt Creek Point in Monroe
County; (3) another below St. Louis, near the south line of St. Clair County; (4) another
at "Cap au Grès," in Calhoun County, "where there is a downthrow of the beds on the
south side of at least a thousand feet," and the St. Peters sandstone constitutes the "Cap
au Grès" ; (5) another, north-northwest in trend, farther north, intersecting Rock River,
Grand Detour, and the Illinois River in La Salle County, between La Salle and Utica,
bringing the Lower Magnesian limestone to the surface; (G) another, traceable from
Bailey's Landing on the west side of the Mississippi to Shawneetown on the Ohio. Of the
fifth, he states that "it elevates the Coal-measures 300' to 400', showing that the disturb
ance took place at a period subsequent to the deposition of the Coal formation"; and
afterward adds, with reference to the whole series of upturnings, "It is impossible, with
the evidence before us at this time, to fix with certainty the relative dates of these dis
turbances; but it seems quite probable that none of them date back to a period anterior
to the Carboniferous epoch; for we find, in general, no want of conformity between the
uplifted strata and any of the superincumbent Paleozoic beds."
There are other lines of uplift or undulations farther north across Iowa, as described
by McGee (11th U. S. Geol. Surv., Annual Report, 338, 1891), which have a trend of
N. 30°-40° W. The time of origin is stated to be doubtful, except for one anticline, that
of the Cedar Valley, near Davenport, Iowa, which "does not appear to affect the Coal
measures at Davenport and Rock Island."
So far as yet ascertained no great mountain-making events occurred at
this time over the Summit Region of the Rocky Mountains.
The Carbonif-
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erous rocks appear to have been followed by the Mesozoic without extensive
intervening upturnings in the region of the Wasatch and through the whole
length of the mountains, from western Texas and Mexico to the Arctic Seas.
But west of the Wasatch belt, in the mountain ridges of the Great Basin to
the meridian of 117° W., according to King, Carboniferous limestone is to a
considerable extent the surface rock, there being no overlying Mesozoic strata;
and this limestone and the older Paleozoic formations are flexed and faulted
in mountain-making style.
The time of the upturning is uncertain because
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of the absence of later beds except over the region beyond the meridian
of 117°.
But, as King implies, it took place probably at the close of
the Paleozoic.
The Eureka Mountains in the Great Basin (near 116° W. and 39° N.), described by
Arnold Hague (Geol. of the Eureka District, U. S. G. S. Memoirs, 4to, vol. xx., 1892),
are one of the mountain groups of eastern Nevada, which probably was upturned at this
time. The prominent ridges, which were produced largely by faults and uplifts (their
maximum displacement 13,000'), are: the Prospect Ridges, consisting of Cambrian and
Silurian rocks; the Fish Creek Mountains, Silurian; the Silverado and Country Peak, Silu
rian and Devonian; Diamond Mountain, Devonian and Carboniferous; Carbon Ridge and
Spring Hill, Carboniferous. The thickness of the formations, as deduced from several sec
tions, according to Hague and Walcott, is as follows: Cambrian, 7700'; Silurian, 5000';
Devonian, 8000'; Carboniferous, 9300',- in all 30,000'. This great thickness indicates,
as Hague suggests, that a profound geosyndiue north and south in trend was here made.
The Eureka, Carboniferous, Devonian, and Silurian beds have been traced from the Eureka
district westward to that of the Pifion Range, which is an indication that the latter range
participated in the geosyncline. How far north the belt extends remains to be ascertained.
The Archan ridge of the East Humboldt Mountains stands to the east and north of the
Eureka Range.
The Eureka geosyncline was wholly independent of that of the Wasatch, as shown by
the thicknesses of the several Paleozoic formations occurring in the two; for the thick
ness of the Silurian of the Wasatch is only 1000', of the Devonian, 2400', while that of the
Carboniferous is 14,000'. Whether the Silurian unconformability in the Eureka region
between the Lone Mountain limestone and the underlying quartzyte is a result of an
upturning at the close of the Lower Silurian, or of later faulting, does not appear to be
determined by the observed facts.
UPTURNINGS IN FOREIGN COUNTRIES.
Regions of upturned rocks are the only kind in which there is good reason
to look for uneonformabilities.
Through the course of Paleozoic time in
more frequent than in America.
Europe, disturbances appear to have been
But they were inferior in extent to those at its close. Murchison remarks
that the close of the Carboniferous period was specially marked by disturb
He states that it was then "that the coal strata and
ances and upliftings.
their antecedent formations were very generally broken up, and thrown, by
which were fractured by number
grand upheavals, into separate basins,
In the north of England, as first shown by
less powerful dislocations."
in the southeastern part of the Coal
Sedgwick, and also near Bristol, and
measures of South Wales, there is distinct unconformability between the
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Carboniferous and lowest Permian and this is true also in Lancashire and
The "Hereyniau system" of Bertrand includes a long range of
Yorkshire.
dislocated Devonian and Carboniferous rocks extending from
Brittany to
the Vosges and Ardennes, and beyond along the Black Forest, the Harz
the "System of the
The line corresponds nearly with
to Bohemia.
Rhine" of de Beaumont, which was upturned, as he showed, before the

Triassic period.
The "great fault" in the Alps raising the crystalline schists in the zone
of Mont Blanc, between the Bernese Alps on the east and the maritime Alps
on the southwest, was made between the Carboniferous and Triassic (or the
The coal-formation, which is extensively
Lias, where the Trias is absent).

distributed in the Swiss Alps, is in part semi-crystalline.
In Russia, strata are generally horizontal or nearly so, and lie above the
In the closing part of Paleozoic
Carboniferous without unconformability.
time, either after the Carboniferous or after the Permian, a belt of rocks
along the TJrals was folded and crystallized; for Carboniferous rocks are
flexed and altered in the same manner as in the Alleghany region.
backbone of the Urals is Arehean.

But the
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NORTH AMERICAN GEOGRAPHY AFTER THE REVOLUTION.
The various movements over North America closing Paleozoic time ended,
as announced on page 714, in making dry land of the eastern half of the
continent.
The western coast within the United States extended along a
north-and-south line near the meridian of 95° W.. and farther north trended
northwestward through British America, as delineated on the accompanying
map (Fig. 1155). The dry land had its Appalachian Mountain chain, and
was for the most part finished in its rock foundation, its mountains, and its
store of coal-beds.

The positions of the rivers and lakes are doubtful. There were, beyond ques
tion, a St. Lawrence River and other streams flowing off from Arcliean lands.
The Hudson River had been a small stream from the Adirondacks, merely the
head of the present Hudson River, emptying into the waters of the eastern

Continental Interior below Albany. But what course it took after the mak
The east
ing of the Appalachians, remains to be learned from later records.
ern coast-line of the continent, south of New York, which was still outside of
the existing position of the sea border, is placed on the map i.iear that of time
100-fathom line- the true margin of the Atlantic basin.
For not only are
all Paleozoic formations later than the Lower Silurian unknown on this part

of the border, but also all marine formations of the Early and Middle Mesozoic.
This was probably true, likewise, of the Gulf border.
Whatever marine beds
were formed are now deeply submerged. The burial of the shore region by
Cretaceous and Tertiary strata prevents direct observation except through
borings, and these have not yet been carried to a sufficient depth to decide
the question.
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Nearly all the western half of the continent was still a sea of varying
depth, with perhaps its widespread sand fiats. Only one large dry-land addi
tion to the western part of the continental area is known to have taken
place;
it occupied, as shown 1)y King, a portion of the Great Basin, over what is
now eastern and central Nevada, having the meridian of 117-° W. near its
western limit.

The western semi-continent was yet to be supplied with thick
rock-formations and with its grander mountains; and veins of gold, silver,
and other metals were to be formed, and coal-beds to be accumulated, before
finally the emergence of "the Great West" from the waters was completed.
1155.

\
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=Map of North America after the Appalachian Revolution.
Disappearance of life. -The disappearance of life at the close of Pale
ozoic time was so general and extensive that no Carboniferous species is
known to occur among the fossils of succeeding beds, not only in America
and Europe, but also over the rest of the world.
The fact is learned better
in
from Europe than from America; for
Europe remains of marine life occur

in beds representing the early part of the following period, while in America,
the first marine fossil known from the Atlantic border is of the Cretaceous
period. A large part of the old tribes of the sea and land continues on, spe

cies having survived through the time of catastrophe; and yet their species
did not find burial among later fossils. Many underwent modifications and
The Cycads and
appear later under new forms, and thereby as new species.
Yews were among the tribes of plants which were continued and increased
to a later culmination.
Some of the Corals of the Paleozoic belong to the
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Even the
group that is represented among, and make, modern coral reefs.
old straight Nautiloid, the Orthoceras, had its later species.
The Insects lost, as has been said, a Paleozoic feature at this time; but
the tribes are still the same as before in their more fundamental characters.

Fishes, although their period of culmination had passed, still continued under
the tribes of G-anoids and Dipuoans.
Amphibians and Reptiles held on, and
So it was with the
the latter became the ruling life of Mesozoic time.
greater part of the tribes of the Paleozoic. There was no break in the stream
of life, but for the most part only seeming interruptions; and many of these
owe their prominence in geological history to the eulminations and declines
of types that were in progress.
But it was an epoch of relatively abrupt change; and if chiefly due to the
progressive evolution of new species, as has been urged by some geologists,
there must have been for the result a great acceleration in such changes in
consequence of the physical conditions produced by the orogenic disturbance.
But the ologenic movements were local, and the biologically transforming

effects from such a cause should have been confined to the countries where
The universality and abruptness of the
these movements were in progress.
disappearances cannot therefore be so explained. Very much is left for the
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destructive effects, direct and indirect, that is, the exterminations attending
the mountain-making.
The causes of the

exterminations suggested by the changes are two.
(1) A colder climate over the land, and colder waters in the extra-tropical
oceans; for the emergence of the eastern semi-continent of North America and
of large lands in the other continents could not fail to lower somewhat the
With a lower temperature, the currents from
temperature of the whole globe.

the north sweeping along the coasts would have been destructive t the marine
species living in the waters.
(2) Earthquake waves produced by orogenie
movements. If North America from. the west of the Carolinas to the Mis
sissippi valley can be shaken in consequence of a little slip along a fracture in
times of perfect quiet, and ruin mark its movements, incalculable violence
and great surgings of the ocean should have occurred and been often repeated
during the progress of flexures, miles in height and space, and slips along

newly opened fractures that kept up their interrupted progress through thou
sands of feet of displacement.
The Acadian upturning took place on the
ocean's border; and the Appalachian was not far distant from it.
Arkansas,
moreover, added t' the extent of the belt of disturbance.
Under such circum
stances the devastation of the sea border and the low-lying laud of the period,
the destruction of their animals and plants, would have been a sure result.
The survivors within a long distance of the coast-line would have been few.

The same waves would have swept over European land and seas, and there
found coadjutors for new strife in earthquake waves of European origin.
These times of catastrophe may have continued in America through half of
the following Triassic period; for fully two thirds of the Triassic period are
unrepresented by rocks and fossils on the Atlantic border.
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TOPOGRAPHIC CHANGES IN THE INDIAN OCEAN; GONDWANA LAND.
The close

relations in species of India and South Africa during the
Permian and Triassic periods has led to the belief that the two were then
connected by a belt of land, and Suess has named the emerged area

GondwfIna Land," from the name of the series, including the Permian and
Triassic beds, in India.
R. D. Oldham remarks (1894) that "the plants of
the India and Africa Coal-measures are absolutely identical; and among the
few animals which have been found in the India deposits, one is indistinguish
able from South African species, and another is closely allied; and both
faunas are characterized by the remarkable group of Reptiles comprising the
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Dicynodon and other allied forms." In a map by Neumayr (1885), and its
reproduction with some modifications by Oldham, the connecting belt of land
extends from India south-southwestward over the Indian Ocean along the
range of islands to Madagascar and southern Africa. Among the groups of
islands there is the line of the Maldives and the Chagos group; then, farther

west, the Seychelles group heading a line reaching to Newfoundland, and
also, to the eastward, a line extending to the 1'iasearene Islands east of
The emerged land makes an off-shore belt for eastern Africa,
Madagascar.
somewhat like the island range off the shores of eastern Asia, but more
continuous. But great depths now exist between the groups.
The identity in Permian coal-plant vegetation is as great with Australia
as with South Africa. The emerged land, on this evidence, has been supposed
by some writers to have covered much of the Indian Ocean. But it is most

probable that whatever connection existed for the migration of the plants, it
was produced by the spreading of the Antarctic continent northward to a line
between the parallels of 35° and 45° S. The absence of the Karoo
Reptiles
from Australia appears to indicate that the connection with South Africa was
not complete; but it may be that the climate of the northern part of Ant
arctica was not warm enough to favor their migration, while sufficient for
that of the plants.
Australia also was enlarged; for Triassic fossil plants
from New Zealand and New Caledonia show that these islands, as well as
New Guinea., were then included within its limits.
The idea that Antarctic land of so great extent became
emerged in the
Permian era., or about that time, suggests a reason for the existence of
of glacial phenomena in the Permian of South Africa, India, and
evi-dences

Australia.

For such a geographical change would certainly have caused a
general refrigeration of southern climates; and if sufficient to produce icy
Winters and glaciers about high summits, all the observed facts would have
their explanation.
DANA'S MANUAL -47

III.

MESOZOIC

TIME.

Mesozoic or medieval time in the earth's history comprises a single era
only. It is the era of the Secondary formations of early geological science,
and that of the Reign of Reptiles of Agassiz.
It is remarkable as the era of the culmination and incipient decline of
three great types in the Aiimal Kingdom, the Amphibian, Reptilian, and.
Molluscan, and of one in the Vegetable Kingdom, the Cycadean.
It is also
as
the
era
of
the
Mammals,
of
the
of
remarkable
the first of
first
first Birds,
the Common or Osseous Fishes, and of the first Palms and first Angiosperms.
SUBDIVISIONS.
3. CRETACEOUS PERIOD, W. H. Fitton, Ann. Phil., 2d. Ser., viii., 382, 1824.
The Chalk Period, or the period of the Chalk formation.
2. JURASSIC PERIOD, A. Brongniart, Tabi. des Terrains, 221, 1829, the name
referring to the Jura limestone and other related beds of the Jura
Mountains between France and Switzerland.
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1. TRIASSIC

PERIOD,

F.

v.

Alberti,

Beitrag Mon. d. bunten Sanclsteins,
Muschelkalks u. Keepers, Stuttgart, 1834, -the name, from the Latin,
referring to a threefold division of the formation in Swabia, Franconia,
and Lorraine. Variegated sandstone.
Buutersaiidstein, this German

name used for part of the strata by Werner. Poikilitic group (Pecilitic),
Conybeare and Buckland (from the Greek, 7roLKAoc, variegated), Back
New Red Sandstone group or
land's Bridgewater Treatise, ii., 38, 1836.
formation, Lyell, El. of Geol., 1833, 1842
Mercian of T. McK. Hughes
= Triassic + Jurassic.

The Triassic and Jurassic rocks in some regions make together a continu
ous series, not easily separated, and. the formation is then often called the
Jura-Trias.
The

generally
following: -

accepted

subdivisions of

the

three

periods

are

the

3. CRETACEOUS: (1) Lower; (2) Upper.
2. JURASSIC: (1) Lower, or Liassic (from the Lias, of England) ; (2) Middle,
or Oolytic (from the oölitic character of some of the limestones
in England) ; (3) Upper, or Portlandian (from the Portland beds in
England).

1. TRIASSIC: (1) Lower Trias, or Vosqian (from the Vosges Mountains);
(2) Middle Trias, or Francon Ian (from Franconia in Germany) ; (3)
Upper Trias, or Keuperian (from the name Keuper in Germany)
(4) Rhcetic (from the Rhtian or Tyrolese Alps).
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TRIASSIC AND JURASSIC PERIODS.
AMERICAN.

The orographic events in North America closing Paleozoic time changed
that no
greatly the areas of future rock-making. The map on page 735 shows
marine deposits were possible on the Atlantic border except far outside of
the present coast-line.
Moreover, as announced on page 734, all of the east
ern half of the continent had become dry land, leaving only the western
half covered with the Interior Continental Sea, and therefore as the great
arena of progress. The mostly emerged condition of the Atlantic border,
indicated on the map, continued through the Triassic and Jurassic periods
and after the Cretaceous period had opened; for the beds of the Upper Cre
taceous are the earliest Mesozoic marine deposits on the border. Before
this, however, in the Triassic period, there were large estuary and fresh-water
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deposits in progress, and these constitute the Triassic formation of the
Atlantic border.
In this condition of the continent, the regions of Mesozoic rock-making
were the following: (1) the Atlantic border area; (2) the Gulf border area;
(3) the area of the Western Continental Interior; (4) the Pacific border;

(5) the Arctic area, Arctic rock-making continuing to be independent of that
over the North American continent in changes of level and in the
formations produced.
The Pacific border comprises four belts, ranging from northwest to south
east, which were more or less independent in their geoloical
0
history:Iouitain belt, which includes in British America the
Archa.n protaxis and the adjoining upturned or mountain region situated
mainly to the east of the protaxis, comprises over the United States the
wide summit region between the Great Basin and the eastern foothills of
I.

The Rock!,

the Front or Colorado Range.
IL The Plateau belt, or that of the Great Basin, with its continuation
northward in British Columbia over the interior plateau west of the Gold
Range or Protaxis; and southward into Mexico, along the corresponding
plateau region.
III. The Sierra belt, or that of the Sierra chain, including the Sierra
Nevada., the Cascade Range, and the high ridges in the same line through
British Columbia.
IV. The Coast belt, or that of the Coast Range of California and Oregon,
and the Island Range of British Columbia.
The interval between the Sierra and Coast ranges, also, is in some respects
entitled to be considered a separate belt; but it is narrow, and its history
is mostly involved in that of these ranges.
Only in western North America have the Triassic and Jurassic formations
been separately distinguished, and there at but few outcrops. Deposits of the
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Lower and Middle Triassic have rarely been positively identified; only those
of the later part have been found on the Atlantic border; and none of
either of the periods are yet known to exist on the Gulf border beneath its
Cretaceous and Tertiary formations.

ROCKS -EQUIVALENCE, DISTRIBUTION, AND KINDS.
1. Triassic of the Atlantic Border, or the Newark Group.
1. Equivalence. -The Triassic beds of the Atlantic border, according to
the most recent authorities, correspond with the upper part of the Trias, or
the Keuper and Rhatic of Europe.
The evidence is based on the characters
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of the fossil Plants and Vertebrates, marine Invertebrates
being absent.

In 1819, A. Brongniart, on the basis of specimens of fossil fishes of the Connecticut
valley (received from E. Hitchcock), which he referred to Pala'uniscus (PakEothrissum) Fre(esleben( of De Blainville (Am. Jour. Sc., iii., 1821, and vi., 1823, with figures
on a plate), made the age of the beds Middle Permian. In 1835, E. Hitchcock added to
the evidence from the fossil fishes additional facts from the bones of a Saurian discovered
at East Windsor, Conn., in 1820, and pronounced the age that of the New Red Sandstone,
- a term that then covered both the Permian and Trias. In 1842, William B.
Rogers, after a
study of the coal-plants from Virginia beds, referred the fossils to the bottom of the Oölyte,
and in 1854 to the base of the Jurassic. In 1855, E. I-Iitchcock, Jr., concluded, from the
presence, in the beds in Massachusetts, of a Fern of the genus Clathropterts, that the age
of the Connecticut River New Red Sandstone was that of the 'Upper Trias and Lower
Lias. In 1856, William C. Redfield advocated the equivalency of the beds with the Lias
and Oölyte on the basis of the fossil fishes; and at the same time he proposed the name
JMeivark Group (from Newark, N.J.) for all the Triassic deposits of the Atlantic border.
More recently the evidence from the fossil plants has been discussed, and the reference of
the beds to the 'Upper Triassic sustained by Newberry, Fontaine, and Ward in this country,
and by Stur and others abroad. The Vertebrate fossils lead to the same conclusion.
Distribution. - The Triassic beds of the Atlantic border occur in long,
narrow independent areas, which are east of and closely parallel to the Appa
2.

lachian protaxis, as shown on the map, page 412.
They lie in troughs or
basins over this border region of upturned Arch-,van, Cambrian, and some
later Paleozoic rocks.
Over the region southeast of New England these

later rocks comprise only the Lower Silurian.
But in Nova Scotia, the beds
rest on the upturned Carboniferous, Subcarboniferous, and Devonian; and
in New England, probably on Devonian or Upper Silurian.
The areas are

nearly parallel in direction to the mountain ranges to the west of them.
The most important of these areas are: the Acadian, of Nova Scotia, 120
miles long; that of the Connecticut valley, extending north and south along

the Connecticut valley through Massachusetts and Connecticut,, 110 miles
long and mostly about 20 wide; the Palisade belt, extending from the Pali
sades on the west side of the Hudson through New Jersey, Maryland, and
Pennsylvania to Orange County, Va., parallel with the Appalachians, 35() miles
long and mostly 10 to 30 miles wide; the Richmond belt, west of Richmond,
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Va., 35 miles long; the Pittsyieaiiia area, farther west in Virginia, 1O&
miles long, and 40 of the 100 in North Carolina, where it is called the Dan.
River area; the Deep River, in North Carolina, east of the Dan liver, 145
miles long, the last 30 of them separated by five or six miles from the rest,
and distinguished as the lVulesboro area.
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Leaving out of consideration the Nova Scotia belt, the areas may be
viewed as lying in two ranges, an eastern and a western,-the Eastern,
including the Connecticut valley, Richmond, and Deep River areas; the
Western, the Palisade, and the Pittsylvania (and Dan River) areas, with the
small intervening Buckingham area.
The following is a list of the areas (I) The Acadian area, along the west. margin of Nova Scotia (or the northeast border
of the Bay of Fundy), having a course nearly northeast to the south, but with much east
ing to the north ; and bending to east and vest along the Minas Basin (its north side).
(2) The Connecticut valley belt, from northern Massachusetts to New Haven Bay,
this bay being the southern termination of the valley.
(3) The Southburq belt, 15 miles west of the Connecticut valley in Connecticut, only
8 miles long and 2 wide.
(4) The Palisade area, commencing near Haverstraw on the Hudson, 30 miles wide
in New Jersey, 12 on the Susquehanna, and 6 to 8 on the Potomac; and including a small
area in Orange, Va., which was probably separated by erosion.
(5) The Buckinqhain area, farther south, on James River, 18 miles long and 2 wide.
(6) The Richmond area.
(7) A small Hanover area, a few miles north of the Richmond, but probably a former
part of the Richmond.
(8) The Cumberland area, 30 miles west of the Richmond and mainly in Cumberland
County, 2 miles long.
(9) The. Pitts!,lrania area, including the Dan River of North Carolina.
(10) The Deep River area of North Carolina, commencing at Oxford in Granville
County, passing west of Raleigh, and having a width of 18 miles.
A Triassic area has been supposed to exist on Prince. Edward Island, in the Bay of
St. Lawrence, and is so described by 1)awson in his Acadian Geology. According to
R. W. Ells, the beds are part of the Permian of the island, with which they are conforma
ble (1883-84). Bain has since claimed as Triassic the upper 50 feet, horizontal in position,
occurring on the north shores of the island, near New London (1885) ; and Dawson
states in an appendix to his work (dated 1801), that the strongest evidence of Triassic
age for this part of the sandstone is the presence in it of Bathygnat/tus borealis of Leidy.
Marsh, in a private note to the author, confirms this view of Dawson, stating that
Bat1ziqnath us, a carnivorous Dinosaur, is very much like the Triassic forms of England,
Germany, Asia, and Africa.
3. Rocks. -The rocks are mostly: granitic sandstones (a much better name
for theni than the meaningless term arkose) ; conglomerates, varying from
tine pebble beds to those consisting chiefly of cobble stones and larger rounded
masses; sandy shales; less commonly fine black carbonaceous shales; occa
sionally thin beds of impure limestone; and, in some localities, bituminous
coal in thick beds along with carbonaceous shales.

In general, the formation is well stratified; but the strata, when followed
In some places borings
laterally, vary much in thickness and coarseness.
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have gone down 3000 feet through sandstone alone; and seldom are the inter
calated beds of limestone and shale of sufficient extent to mark a horizon
and serve as the means of measuring the thickness.
At New Haven, Conn.,
an artesian boring was carried down 4000 feet through porous sandstone
without finding variation enough in texture to get a supply of water.
The layers often have a cross-bedded structure and other evidences of
In many regions they are here and there covered with
strong currents.
ripple-marks, mud-cracks, raindrop impressions, footprints of Reptiles and
Amphibians; the fine shales with tracks of Insects and Crustaceans -facts
which indicate temporary exposures above the water level of great sand-flats
A slab from Greenfield, Mass., a dozen feet long, now in the
and mud-flats.
Yale Museum, is covered throughout with deep impressions of raindrops
the work of a short large-drop showr. The impressions are a little elliptical
so as to register the direction of the accompanying wind.
Besides this, two

lines of large three-toed tracks cross the slab, and those of the longer line
are dotted by the raindrops, showing that a biped reptile had passed that
way before the shower began.
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The

material of the

sandstones and

conglomerates, exclusive of the
calcareous, is almost solely such as would be afforded by the wear of granite,
gneiss, mica schist, syenyte, and other crystalline rocks of the neighboring
hills or mountains; and the amount of mica and other ingredients and kinds
of rock material vary with the kind of rock in the adjacent hills.
Several
examples of this are mentioned by Emerson, Fontaine, and others. The
feldspar is usually fresh and undecomposed, and well mixed with the quartz,

showing no evidence of any assortment of the ingredients by beach action.
The ingredients are often in proportions fitted to make granite again by
Mica is sparingly present except where
subjection to metamorphic action.
mica schists exist on the border of the areas.
There are also limestone con

glomerates in regions where Cambrian or Lower Silurian rocks exist along
the border; and occasionally stones of a quartzose conglomerate derived from
a Cambrian sandstone or quartzyte.
The coarsest conglomerates consist of stones of all sizes up to five feet
across, and, usually occur along the eastern or western border of an area.
In Montague, Mass., east of the Connecticut, on the eastern border of the
area, and in Branford, Conn., some of the bowlders are three feet across.
Similar cases exist on the west border of the western area in New
Jersey,
In the Pittsylvania belt, the larger stones are
Virginia, and North Carolina.
four to five feet in diameter. Near Point of Rocks, Md., the stones are of
Paleozoic limestone, and some are two feet through; the finer
variety of this
limestone conglomerate is the "Potomac pudding-stone marble."
The Goal-measures in the Richmond basin and
Virginia, and in North
Carolina, consist of beds of shale and sandstone with thick beds of
good coal.
In the Richmond area there are two to eight coal-beds, and the main bed is 10

to 40 feet thick; but they include some thin
dividing layers of sandstone and
shale. The Coal-measures are situated within 250 to 500 feet of the bottom
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of the formation ; and the same is true of those of the Deep River and Dan
River areas in North Carolina. The Connecticut valley area has some
carbonaceous shale, but no coal.
On the Virginia belts and the Richmond coal areas, see Fontaine in Am. Jour. Sc.,
1879, and U. S. G. S., Memoir, 4to, 1883; on those of North Carolina, Emmons's
Geol. Rep. of North Carolina, 180, and Kerr's Rep., 1875. Also, for a general review of
the Triassic, the Correlation report of I. C. Russell, Bull. U. S. G. S., No. 85, 1892, which
contains colored maps of the areas.
Besides the sandstones and other rocks of aqueous origin, there are in the
several areas rocks of igneous origin. These are described beyond (page
800).
The thickness of the Triassic formation in the several areas is deter
mined with difficulty, not only on account of the want of continuous
easily recognized strata to mark horizons, but also because of the many con
cealed faults and the upturned condition of the beds, as explained beyond.
The maximum may be, in some of the areas, 8000 to 10,000 feet. In the
Richmond area, Virginia, the thickness has been made 2000 to 200 feet.
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In North Carolina, in the Deep River area, according to Eminons, it is 3000
feet. Much larger estimates have been made.
On the southern border of New York, in Rockland County, at Ramapo, near the
northwestern limit of the Triassic beds, the thickness, down to the underlying gneiss,
was found in a boring to be 120' (J. C. Smock).
The large estimates are obtained by calculation from the (lip, and the width at right
angles to the dip. By this very unsatisfactory method a thickness of 12,000' to 25,000'
has been obtained. Kerr thus arrived at a thickness of 10,000' for the beds of the Dan
River area, North Carolina, and 25,0001 for those of the Deep River area. In New Jersey
and Pennsylvania, according to B. S. Lyman, there is a long longitudinal fault of 14,000'.
Sources of the material and conditions of accum ulaliou. - So large a num
ber of independent belts of sandstone ranging along for lOOt) miles is an un
usual feature for a Continental border. It is not possible that the sandstone
formation was made during a general submergence, and in a great common
4.

body of water; for there is nothing marine about it in fossils or in structure;
and fresh waters for the work could not have spread over the region of hills,
ridges, and valleys, under any probable circumstances. Moreover, the Nova
Scotia belt occupies the same Acadian trough which received deposits
through Paleozoic time, even to the Carboniferous and Permian; and the Con

necticut valley belt is in the same trough which had Silurian and Devonian
beds laid down in its northern half, and possibly also in its southern half,
Further,
for in this part the Triassic formation conceals what is below.
the parallelism of the belts to the mountain ranges of the Continental border
is close, the Palisade trough taking faithfully their bends, from south by
west on the Hudson River, to west-southwest in Pennsylvania (see map,
page 731), and southwest in Virginia, as if occupying orographic valleys of
the Appalachian Mountain chain. The facts show that the courses of the
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areas were determined not mainly by fluvial action, nor by a great sub
mergence, but by the topography of the Continental border as it existed.
immediately after the Appalachian upturning.
It is plain that some of the areas were marsh regions along the courses of
streams and lakes; and two or more may have been estuaries, like the

Chesapeake or Delaware Bay, receiving the tides during part or all of
their history. But it is also proved by the deposits that the broad streams
sometimes were great streams, making conglomerates where the water had
great velocity, sandstones in gentler currents, shales in the sluggish waters,
and beds of vegetable debris, for a coal-bed, where the conditions were those

As in other fluvial regions, conglomerate-beds, sand-beds,
of a great marsh.
and mud-beds may have been forming simultaneously at the same horizon in
different portions of an area.
Moreover, under fluvial action, different kinds
of deposits in flowing waters would be lengthened out in the direction of
the flow, making unlike formations, longitudinal with the stream, of parallel

position and history, looking, to one traversing the surface, or studying the
H a region were slowly sub
exposed beds, like consecutive formations.
siding so that the beds could thicken, there would probably be, in a portion
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having like velocity throughout, four or five rather prominent kinds of de
posits, - one made along the bed of the stream; two others along the banks;
two others beyond the banks on either side; and each of these would have
their local belts.
These and other sources of diversity existed in the Triassic areas.
Where were the sources, and what the directions, of the rivers over the
higher lands from New York to North Carolina, which supplied so generally
granitic sediments instead of quartzose sands and fine clays, are questions not
easily answered.
The recently made Appalachian Mountains stood along the western side
of the Archau protaxis, and these Triassic formations on the east side.
It

would seem to be a necessary consequence that the Appalachians should have
sent off streams eastward to the Atlantic and loaded the waters with Appa
lachian sands and other detritus.
But it is proved, by the prevailing granitic
character of the material of the sandstones, that little if any of these sedi
ments reached the Triassic troughs, either from the Appalachian Mountains of

Virginia and Pennsylvania, or from the plateau region of Pennsylvania and
the Catskills-the present sources of the mud, sand, and water of the Dela
ware, Chesapeake, and other streams; that the Archaan protaxis was so high
and continuous as to wholly prevent drainage from the west and northwest
that this range of crystalline rocks and the ridges of more or less crystalline

Cambro-Silurian, of the region in the vicinity, supplied the streams with
sediments for transportation to the Triassic areas.
The drainage from the
Appalachian Mountains must have flowed westward or southwestward.

The river or waters of the time flowing southward just west of the site of
New York City-where now flows the Hudson-were 25 miles wide, as the

breadth of the Triassic of the regis ii shows; and they had sources evidently
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in the nearer mountains to the north, west, and south.
These sources were
probably in the Highlands and other ridges of crystalline rocks; the waters
and sediment certainly did not come from the Catskill Mountains to the
north, nor from the Alleghanies to the west.
The outlet of the Hudson
River of the period to the Atlantic is indicated, apparently, by the submerged
Hudson River channel on the map on page 18.
The barrier along the sea margin that kept out salt water and its living
species was evidently the remains of the old geanticline referred to on page
The coarse conglomerate at or near the top of the sandstone series,
observed at many points on the east margin of the Connecticut valley area,
and on the west or inner margin of that of Maryland, Virginia, and North

Carolina, in which many of the rounded stones are one to three feet in
diameter, and also the similar large stones, or groups of stones, occurring
isolated in some of the finer sandstones, are remarkable features of the forma
Rivers cannot transport so large bowiders, unless down rapid slopes.
The tide in an estuary opening seaward only moves quietly, and usually
makes muddy or sandy shores. Igneous eruptions are never attended by
ejections of rounded. stones or bowlders. The stones, excepting those of
Triassic sandstone and trap, show by their kinds that they were from the
adjoining ridges or hills. Moving ice would carry them; but the Blue Ridge
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tion.

and other adjoining ridges at the present time are far from high enough to
have glaciers about their summits. The question arises: Were they high
enough then ? Was there, at or near the close of the period, an epoch
of unusual cold having icy winters and covering the adjoining ridges with
glaciers that carried bowlders, and made streams that bore floating ice laden
with stones out over the river or estuary waters?
5. Subsidence in pro qresS during the deposition. -Since a thickness of

some thousands of feet was acquired in the several areas by the strata, and
the beds often bear evidence in their ripple-marks, mud-cracks, and foot
prints of shallow-water origin, each of the troughs of valleys must have been
undergoing, during the slow accumulation, a concurrent subsidence of as
many thousands of feet. On the upturning of the beds and other orographic
phenomena see page 798.

Economical products. - The coal-beds, already described, are a prominent part of
these products. Veins containing copper ores occur in Connecticut, New Jersey, Pennsyl
vania, which have been worked; but none are now producing ore. The copper ores are
chiefly chalcocite and bornite, with occasionally native copper. One mass of native copper
found in the drift north of New Haven, Conn., weighs nearly 200 pounds. A copper mine
at Bristol, Conn., which was for a while productive, is situated on the western border of the
Triassic, in the crystalline rocks outside of the sandstone area, but belongs to a fissure of
the Triassic series. Barite often accompanies the ore, and sometimes is the chief mineral
of the vein, and occasionally occurs in crystals weighing over 100 pounds. A vein in
Cheshire, Conn., 110W exhausted, yielded a large amount of the mineral for the adulteration
of white lead, and for calsoinining and other purposes.
The beds of sandstone afford much rock for building purposes. The rock so used is
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The material of many of the "brownstone fronts" of New
often called brownstone.
York and other eastern cities is mostly from this formation. The Potomac conglomerate
marble is used as an ornamental stone, and columns of it stand in the Capitol at
Washington.

2. The Triassic and Jurassic of the Western Interior and Pacific Border Regions.
The Triassic and Jurassic formations of the Western Interior and of the
Pacific border have a wide distribution, and, to some extent, distinguishable

The former consist almost everywhere, in the Interior, of reddish
sandstones and marlytes, and are often ealled "Red Beds." They frequently
contain gypsum and sometimes salt.
Upon the Pacific border the rocks of
limits.

this period are chiefly slates, with occasional sandstones, and much limestone.
The Jurassic beds are usually of lighter shades of color, and are in most
A
regions partly or chiefly calcareous, and the limestone is often cherty.
large part of the Triassic formation is without fossils, excepting occasional
traces of plants; but the Jurassic is often fossiliferous, though seldom
prolific in. species.
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Triassic.
Over the Continental Interior, the Triassic formation is exposed to view
The
in northern Texas, adjoining Indian Territory and western Kansas.
beds probably underlie the Cretaceous beds farther northward, but no out
crops occur in that direction except in mountainous regions to the west and
northwest.
They exist about the Black Hills of Dakota, and cover large
areas along the Summit Region of the Rocky Mountains in New Mexico,
Colorado, and LTtah, east of the western limit of the Wasatch Range, and
In British America, east of the
also in Wyoming, Montana, and Idaho.
Archan protaxis, they have been observed on Peace and Pine rivers,
beyond 550 N. and between 122° and. 125.° W.; and also on Liard River,
near 590 N.
Beds in southeastern Idaho, near Soda Springs, have been
referred to the Lower Trias (Mojsisovics, Hyatt) ; but the absence or non

discovery of fossils leaves the age of the beds of the Rocky Mountains and
Interior Continental regions generally undetermined.
West of the meridian of the Wasatch Mountains, and of the Rocky Moun
tain protaxis in British America, over the Great Basin plateau, and its con
tinuation in the plateau region of British Columbia, the Trias appears to have
a wide range. In the United States it is confined to the west side of the
plateau or Great Basin beyond 117-° W., on the 40th parallel. In the west
Humboldt region, according to King, 15,000 feet of beds, partly Middle Trias,
underlie 4,000 feet or more of Jurassic beds.
In the plateau region of
British Columbia, Triassic areas occur on Nicola Lake (50° N., 120° W.)
and Stikine River (570 N., 137° W.).
Farther west, in the Sierra belt, beds of the Upper Triassic occur hear
the summit of the Sierra Nevada in Pluinas County, Cal., as first identified
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by Gahb from fossils discovered during the Whitney Geological Survey
(1864), and later studied over the Taylorville region by Diller and Hyatt
The thickness of the Triassic in this region is about 4800 feet, and
(189w).
of the overlying ,Jnrassje sandstones, limestones, and tufa about 2000 feet.
e fo t'inatioii is continued north westward into the Klainatli Mountains.
Whether it exists in the Cascade Range still farther north is unknown, as
these mountains are mostly under recent volcanic rocks.
The island belt in British Columbia contains areas of Upper Triassic on
Vancouver Island, Queen Charlotte islands, in the Straits of Georgia; and
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beyond they occur at Wrangel Bay, Alaska.
Upper Triassic beds occur also in Mexico, in the states of Sonora (New
berry, 186), Puebla and Oasaca (Aguilera and Ordonez, 1893). They are
found also ill Honduras (Newberry, 1888).
In the Black Hills, the Triassic beds, or the "Red Beds" supposed to be Triassic,
come to the surface, along with the Jurassic, from beneath the Cretaceous beds of the
Continental Interior, as first shown by Meek (1858, 1800). They are mainly arenaceous
clays, unfossiliferous, 300' to 400' thick, with 15' to 30' of impure limestone below the
middle, and with gypsum in the upper half. In the foot hills east of the Front Range in
Colorado, the Triassic and Jurassic often appear overlying the Archean, or the Paleozoic,
000' to 1001)' of the former, to 200' or 300' of the latter. In these foot hills, to the west
ward, within 30 miles of the line of New Mexico, and for 50 miles beyond, as stated by
Stevenson, the Cretaceous rests on the Carboniferous over Arcinean, the Triassic not
extending so far west.
Bordering the Laramie Plains, in Wyoming, these formations may be seen over
Archaii ; the gypsum beds of the Triassic are sometimes over 201 thick.
In Idaho, north of the Wasatch, between the Wyoming and Portneuf ranges (1101°
112 \V.', upturned Triassic and Jurassic beds, according to A. C. Peale (1879), enter
largely into the structure of the ridges ; and these formations in the Blackfoot Basin,
where the Triassic is about 4000' thick and the Jurassic 150(Y (more than half limestones),
afforded the fossils described by C. A. White in 1879 (page 758). In the Wasatch
there are 1000' to 1200' of Trias overlaid by 1600' to 1800' of Jurassic beds (King). In
the High Plateaus to the south, north of the Colorado Calion, the "Vermilion Cliffs" of
Powell, 1000' to 1500' high, which extend for 100 miles from Hurricane fault to l'aria, aNd
the '' Shinai'ump Cliffs" below, are Triassic, while the overlying 11 White Cliff group,''
2000' or more thick, consisting of white sandstone and calcareous beds, and the '' Flaming
''
Gorge group in Utah, are referred with some doubt to the .Jurassic. The beds are con
tinued southward in plateaus of Arizona and New Mexico.
The Trias of western Nevada consists, according to King, of a lower Koipato group of
siliceous and argillaceous beds, 5000', and above this, great limestone strata and alternating
quartzyte of the Star Peak groups, 10,000'. The Trias of this region may have once been
connected with that of the Sierra Nevada just west.
Upon the northern end of the Sierra Nevada, near Taylorville, Difler measured nearly
5000' of Upper Trias. It lies apparently unconformably upon both sides between the Jurassic
and Carboniferous. It consists below of 200' of slates overlaid by 140' of limestone, and
above of over 4000' of sandstones and slates. In the two lower members fossils are often
abundant, but in the upper slates they are rare and chiefly land plants. The limestone is
most persistent, and has been recognized by its fossils near Pit River and elsewhere in the
Xlamath Mountains, and even as far north as Siskiyou County, near the Oregon line.
The presence in that region of large masses of eruptive material, often fossiliferous, shows
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that volcanic forces were vigorously active, not only during a portion of the later Trias,
but also in the earlier Carboniferous and later Jurassic.
The Trias was first recognized as existing probably in Sonora, Mexico, by A. Rémond
(J. D. Whitney, Am. Jour. Sc., 1806). He speaks of it as consisting of sandstones and
conglomerates with coal-bearing clay shales. He adds that the metamorphic slates of the
Altar and Magdalena districts, which include the richest gold placers of Sonora, may
possibly be of Triassic age, but that it is also possible that they are Jurassic, as they
"resemble rather the Jurassic gold-bearing slates of the Sierra Nevada."
Jurassic.
Jurassic beds are found at the west base of the Black Hills in Dakota,
where the rock is limestone with intercalated mans.
The thickness, 200
feet, increases to 600 feet 40 miles from the Hills (Newton), indicating, as

W. 0. Crosby implies, less subsidence in the sea-bottom about the Archan
center than at a distance from it.
They also come out to view at points
along the base of the Laramie Mountains, the Big Horn Mountains, the Wind
River, and other mountains in the Rocky chain.
They overlie Triassic
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through much of the Summit Region within the United States, both east of
the Great Basin or Plateau belt, and, as has been mentioned, along its
western border beyond 117-°.
Farther north in the same belt, they have
been observed by Diller on the Blue Mountains of Oregon.
The Upper Jurassic in. Colorado, Wyoming, and Montana includøs the
freshwater Atlantosaurus beds of Marsh, from 100 to 300 feet thick, which
have afforded, near Morrison and Cañon City in Colorado and elsewhere, the

remains of many large Reptiles, teeth and jaws of Marsupial and Oviparous
Mammals. The Baptanodon beds of Marsh, when present, are next below.
They contain remains of large aquatic Reptiles, besides some marine inverte
brate fossils.
The Jurassic beds are found along a large part of the western slope of
the Sierra Nevada.

The first discoveries were made in Plumas County, on
the north slope of Genesee valley, by Clarence King, of the Whitney Survey,
in 1863. They were afterward discovered in the auriferous slates of the
Mariposa region and identified by fossils (Gabb, 1861; Meek, 1865).

In the Taylorville region in Plumas County, the Jurassic beds, according to filler and
Hyatt, are found to consist of nearly 1500' of sandstones, 10' to 30' of limestones, and 500'
of tufa. The series represents, as Hyatt has found from the fossils, the Lias and the
Lower and Upper Oölyte. The Upper Oölyte has also been identified by fossils over a
wide range of the western slopes of the Sierra, where the rocks are upturned metamorphic
slates, hyclromica, mica, and siliceous schist, with sandstone, and in some parts, serpentine,
and thin beds of crystalline limestone, besides more coarsely crystalline rocks. The belt
of slates-which is in general 20 to 25 miles wide-contains the chief part of the gold
bearing veins of quartz, some of which are of great width. Turner describes the Mariposa
slates as including much diabase tufa, besides some conglomerates made of siliceous
pebbles from the associated rocks (1894).
The most abundant fossil in the Mariposa beds is a species of Aucella (see beyond,
page 760), and hence related beds have been called Aucella beds. The Mariposa rocks
were pronounced Jurassic by (labl (I 864) and Meek (1805), and recently also by llyatt.
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The Lias and earlier Oölyte appear to be unrepresented along the Coast region and
Plateau belt of British America (U. M. Dawson).
Jurassic beds, related in fossils to those of Taylorvitle, occur also in the Pit River
region on the western and northern borders of the Sacramento valley, with Triassic and
Carboniferous below, and are covered unconformably by the Cretaceous; also on the
upper waters of Crooked River, in the Blue Mountains of Oregon ; and, according to Hyatt,
these areas were connected, during the Lias, with that of western Nevada.
Small Jurassic areas are laid down on Castillo's geological map of Mexico, in the states
of Sonora, Coahuiha, San Luis Potosi, Queretaro, Hidalgo, Puebla, and others near the east
ern border of the great central plateau, and also in Colima near the coast. The beds,
according to Aguilera and Ordonez (1893), contain Aucellie, and Ammonites of the genus
Perisp1iincts, and pass conformably into the overlying Cretaceous.
In the Arctic Regions, the Jurassic (Lias?) has been identified far north on Prince
Patrick Island and near the northwest extremity of Bathurst Island, and on Exmouth
Island and other places in the vicinity. At the locality on Bathurst Island, a vertebra of
a Saurian, Arctusaurus Osborni, has been found ; and on Exmouth Island, remains of an
Ic1thyosa urus.
The Jura-Trias regions of part of Utah and Nevada are mapped (in colors) in King's
40th Parallel Report (1878); and of Idaho and part of Utah, by Peale, Endlich, and St.
John, in the Hayden Expedition Report for 1878; and of part of California by Diller
Peak
(1893) in the Atlas of the U. S. Geological Survey, on the sheets of the Lassen
district.
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Fig. 1156, Podozamites Einwonsi; 115T, Pterophylluin Riegeri; 1155, Clnthroptoris rectiuscula; 1150, OUgocarpla (Pecopteris) robustlor, part of a frond in fruotlfication; 1160, Twniopterls linsteifolla. Figs. 1156
1159, E. EtnLnon8; 1160, E. Hitchcock, Jr.
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LIFE.
1.

Triassic of the Atlantic Border.

PLANTS. - The vegetation of the Triassic was characterized not
by
Siglliarids and Lepidociendrids, like that of the Carbonic era, but by Cycads,
Conifers, Ferns, and Equiseta.

As the Cycads were a prominent feature of the forests in both the Triassic
and Jurassic periods, a figure of a common East India species, C'ycas circniaiis
Its relation to Conifers, both
(x th) is given on page 434.
groups being
its
has
palm-like foliage,
Gymnosperms, notwithstanding
already been
Portions
of
leaves
of
two
related
explained.
species
somewhat to the
modern Zamia are represented in Figs. 1156 and 1157.
Conifers existed of the genera Voltzia (differing little from Wiichia of
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the Permian, page 705), Baiera, and Araucarites.
Stems, leaves, cones, and
tnmks of such trees are not uncommon.
Ferns were numerous, of the genera
Pecopteris (Fig. 1159), Tceniopteris (Fig. 1160), Clatlaropteris (Fig. 1158),
and others related. Some of the Equiseta (Calamites) had a breadth of
stem of four inches or more.
ANIMALS. - The Triassic beds of the Atlantic border have afforded no
marine species of any kind; all are
1161-1163.
either of fresh or brackish waters, or
1162

else terrestrial.

1. Crustaceans and Insects. - The
Crustaceans

observed

are

mostly
The little shells (Figs.
1161-1163) are abundant in some
beds of shale.
Ostracoicis.

Figs. 1161-116.3. Estheria ovata. Fig. 1161, LyeIl;
1162, E. Emmons; 1168, L. Sanford.

The presence of Insects is known from their tracks and from the discovery
of the larves of one species.
These larves (Fig. 1164) were found by E.
Hitchcock rather abundantly in shales at Turner's Falls, and have since
1164
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(q.\

1166

1164-1169.
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L'rucTB. -Fig. 1164, Insect larve, Mormolucoldes articulatus; 1165-116', tracks of Insects; 1168,1169, tracks
of Crustaceans (1). Fig. 1164, from Scuddar; 1165-1169, E. Hitchcock.
been obtained at Montague, and at Horse Race in Gill, Mass.
The Insect
was a Neuropter. Figs. 1165 to 1167 are of tracks from theConnecticut

751

MESOZOIC TIME-TRIASSIC AND JURASSIC.

valley beds, referred by E. Hitchcock to Insects, and the others (1168, 1169)
are regarded by him as made by Crustaceans. Nearly 30 species of these
delicate tracks are described by Hitchcock.

2. Fishes. -The Fishes of the era were Ganoids and Sharks, but only
remains of Ganoids have been found in the American rocks; one of them,
from black shales at Durham, Conn., is represented, reduced, in figure
1170.
The largest species found is Dipiurus longicaudatus Newb., about
three feet long.
Unlike Paleozoic (i-anoids, the Triassic species are not all
heteroeercal; many, have the tails partly, or not at all, vertebrated; and
this is the last period in which the old Paleozoic characteristic appeared.
Thus, as Agassiz first observed, the progress of the ages was marked in the
tails of the fishes.
1170.
-

---
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G.&Row. - Catopterus gracills (x ). J. H. Redfield.
3. Amphibians. -Portions of large crania have been found in black shale
in Chatham County, N.C., and in a literal b bone-bed" at Phnixville, Pa.
With the latter were teeth two inches long, of a
spe-cies
named Eupelor durus by Cope. The figures of
footprints annexed, 1171, 111 a. and 1172. 112 a
(half to two thirds the natural size), are the fore and
hind feet of probably two Amphibians (Hitchcock).
The tracks were from the Connecticut valley beds.
4. Reptiles.-The Reptiles pertain to the two

grand divisions of Dinosaurs and Crocodilians.
Dinosaurs. -The Dinosaurs are mostly of large
size, and were so named by Owen, from &o', terrible,
ind oavpos, lizard.
They are more or less bird-like in
some characteristics; these all having (1) the posterior

limbs the stouter, as in Fig. 1179, page 753, and some
times these are the only locomotive limbs, the Reptiles
in that case being bipeds in walking, like birds;
(2) the bones of the limbs, especially the anterior,
often hollow; and in some, the vertebne of the neck

1171

11

a

112

LMPHInIs.-Fig. nn,1rna
(x \ Amsopus Deweyanus
1172, 1172 a, A. graotha (x ).
E. Hitchcock.

very cellular and light; (3) of the pelvic bones the
ischium (is, Fig. 1179) is a long and often slender bone
Many herbivorous Dino
projecting backward, and the pubes also are long.
saurs that were not biped in locomotion used their strong hind limbs for
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holding their bodies raised against trees or other objects; and hence there
was great convenience in having the bones of the anterior part of the
body
cellular and thereby light.
1173-1177.

1176

1175

1174
1177

117
,/1174

V

___--

1176a

s's

('
/

1174
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1175a

11T8

Dtiosuraws. -Fig. 1173, Macropterna divaricans x ); 1174, Apatlchnus bellus (x 4'); 1175, Anomopus
scambus, fore foot (x4); 1175 a, hind foot of same; 1176, Otozoum Moodil, fore foot; 1176 a, hind foot of
same (both x); 1177, Brontozoun giganteum (x). All from Hitchcock.
The track represented in Fig. 1177 occurs from 14 to 18 inches in length,
and was made by one of the biped Dinosaurs; it is the Brontozoum giganteum
of Hitchcock.
The tracks 1175, 1175 a,
1178.

also much reduced, are of another bird-like
Dinosaur, but one that had three-toed feet

/'

I.

behind (1175 a), and a small four-fingered
hand in front that was only occasionally
The track 1176 a,
brought to the ground.

/
/
I

I

J

6
\

\

6

20 inches long natural size, is of the hind
foot of an Otozoum., a gigantic Dinosaur that
usually walked erect, biped-like ; its much
smaller fore feet (1176) served as hands,
for they were seldom brought to the ground.
The stride of the Otozoum was a yard in
length. The other lines of tracks, 1173 and
1174, are of species that walked on all fours.
These tracks indicate

three kinds

of

Dinosaurs:

Slab of sandstone, with footprints. Hitchcock.

(1) bipeds with the hind feet
3-toed; (2) bipeds with the hind feet fourtoed; (3) quadrupeds walking on all fours.

A slab of sandstone, with its footprints in several series, is
represented in
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the natural size, excepting the two tracks
Fig. 1178; it is reduced to
lettered a, which are enlarged views of the tracks of the line b. No tracks
of fore feet have been found with them, and hence it is thought possible that
some are tracks of Birds. But no positive evidence of Birds has been found.
The collection of Amherst College, and that of Yale at New Haven,
contain each several thousands of tracks from the Connecticut valley; a fact
that gives some idea of the abundance of life on the continent in Triassic time.

Other estuaries and valleys besides those now occupied by Triassic beds were
probably equally populous.
Twenty-one consecutive tracks of the Otozouni
were exposed to view in 1874, at one of the quarries at Portland, Conn.
Bones of the Dinosaurian Reptiles were first found in 1818, in the sand
stone of East Windsor, Conn., and near Springfield, Mass.; and the foot of one
from the latter locality was figured in 1865 by Hitchcock,
who (in allusion to the length of the bones) named the
species .Megadactylus polyzelus; and in 1870 the Reptile
was described and pronounced a Dinosaur by Cope. Remains

1179.
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have since been discovered in North Carolina, Pennsylvania,
and Prince Edward Island, and again in Connecticut.
Near Manchester, Conn., large portions of four skeletons of

'
\

the same genus, and of another, Ammosaurus, have been
obtained by Marsh. Fig. 1179 represents a restoration
published by him in 1893. The name Megadactylus being preoccupied, it is changed by him
to Anchisaurus.

I

It was one of the carnivorous Dinosaurs that left tracks
on the sandflats and mudflats of
the Connecticut valley estuary.
-

/

7)

Fig. 1179, restoration of Anohisaurus colurus Marsh (x). p, pubis; is, ischlum ; f, femur.
Other Dinosaurs are: Gleps!/saurus Pennsyicanicus of Lea, from Plinixvil1e,
Pa., Fig. list; Bath ygnathus borealis of Leidy, from Prince Edward Island,
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HISTORICAL GEOLOGY.

754

a tooth of which, from a skull described and figured by him, is represented
half the natural size in Fig. 1180; the
1180-1183.
1182
teeth were four inches long;
also,
I% 1180
1181 1182 a
Pakeoctonus Appalacluanus Cope, from
Phuixvi1le ; an anterior tooth having

1

a length of 3 inches; also Thecodontosaurus gibbiclens Cope, Palceosauru8
Fraserianus Cope, Suchoprion aulacodus

1

Cope, from Phnixville.
Crocodilians. - The Crocodilians are

/J

Thecodont species (that is, have the
teeth in sockets).
They pertain to the
genus Belodon, and are characterized by

II
lii fl

the Palic features of biconcave verte-

)
DINOSAURS.-Fig. 1180, Bathygnathus borealis;
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CROCODILIANS. -Fig. 1182, tooth of Belodon
prisons; 1182 a, section of same; 1188, B.
Caroilnenals. Fig. 1180, Leldy; 11814183,
E. Emmons.

bra; the jaws were long and slender, like
those of the Gavials. Teeth of two
species are represented in Figs. 1182,
1182 a, Belodon priscus of Leidy, and
Fig. 1183, B. Carolinensis of Cope, from
North
Carolina.
and
Pennsylvania

Bones of one species have been found by Marsh in the Connecticut sandstone.
Coprolites are common in the shales at Phcnixville, Pa.

5. Mammals. - The only Mammalian remains of the Atlantic border are two
They belong to
jaw-bones, found in Chatham County, N. C., by E. Emmons.
1184-1185.

1184

_-

1185 a

MARSUPIAL MAMMALS. -Fig. 1184, Dromatheiltun sylvostro (x 8) ; 1184 a, Id. (x 1) ; 1185, Mlcroconodon
tenulrostris ( x 4); 1185 a, Id. (x 1). Osborn.
Insectivorous Marsupials, Dromatheriurn .ylvestre of Emmons, and .Microconodon ten nirostris of Osborn *
Mammals of similar character probably
spread over the continent, and may have been of many species.
* Owen says of the Dromatherlum that 11 this Triassic or Liassic Mammal would appear to
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Cluvr(Icte ,'i.stic Species.
PLANTS OF Till' EASTERN BORoEII TitlAssic. - For figures and descriptions of
Virginia and North Carolina plants, see Fulitaille's Report, containing 53 plates, which
contains also the figures in Einmuns's N. Car. Rep. of 1853, and in his American Geology;
also, for those of other localities, Newberry, U.
G. S., 4to, 1888. The plants are
referred to the Upper Triassic by Fontaine, Newberry, and L. F. Ward. D. Stur, of
Vienna, after a study of the figures and specimens, concludes ( Verh. G. Rek/isanst., 1888,
and Am. Jour. Sc., xxxvii., 1889) that over a dozen of the Virginia species are identical
with Austrian plants from the Lettenkohie or Lower 1(euper of Lunz and other European
localities. Fontaine states that. the plants collected in Virginia are mostly from the
Richmond Coal-measures, and therefore from the lower part of the Triassic formation,
while those of North Carolina are from a higher horizon ; and that a number of species
from the latter region are related to the Rhtic of Europe, and 2 are probably identical
with species of the Lias. According to Newborry only 6 to 8 of the few species of New
Jersey and the Connecticut River valley are identical with those of Virginia. The black
shale of Durham, Conn., has afforded 5 of these species. He also states that several
North Carolina species are found at Abiquiu in New Mexico, and Los Bronces in Sonora,
Mexico, rendering it probable that the beds are alike Upper Triassic.
Dawson has described Dadoxyion Edwardianum and Cycacleoidea Abequidensis, from
Prince Edward Island.
ANIMALS. - Footprints appear to have been first critically observed in the Connecticut
valley by J. Deane of Greenfield, Mass., in 1835, and made known by him to E. I-Iitchcock.
The latter in 1836 began his extended collection and study of the footprints, and
his publications thereon; first in 1836, of 7 species (Am. Jour. Sc.), and later in his
Rep. Geol. Mass., 1841, and his Reports on Ichnology in 4to, of 1848 and 1858 and
1865. He firsts made all 3-toed tracks ornithic; but later proved this erroneous by
finding impressions of the fore feet. In 1837, discoveries were made in Connecticut by
William A. Redfield, and later others in New Jersey and Pennsylvania. Deane pub
lished papers in 1844, 1845, and later; and a posthumous volume on Ichnographs, from his
notes, by T. T. Bouvé, appeared, in 4to, in 1801. See also publications of Boston Soc. N.
list, for many papers by different authors.
For descriptions of the Reptiles see I-Iitchcock, loc. cit. ; Emmons, loc. cit.; Wyman,
Am. Jour. Sc., 1855; Leidy's papers in the publications of Acad. Nat. Sc. Philad., 1854
1180.

Fig. 11 SG, Myrinecobtus fusciatus (x ,).
find its nearest; living analogue in Myrmecobius, for each ramus of the lower jaw contained ten
molars (premolars included) in a continuous series, one canine and three conical incisors, -the
latter being divided by short intervals.''
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and later; Marsh, in Am, Jour. Sc., since 1875; Cope in publications of Acad. Nat. Sc.
l'hulad., Amer. Phil. Sue. and Amer. Naturalist, since 1864.
On Fossil Fislies,Joliii 1-1. Redfield, Ann. N. Y. Lic. N. Hist., 18:36 ; William C. Redfield,
Am. Jour. Se., 18:38 to 1843"; Newberry, U. S. G. S., 4t.o, 1888, with figures of the species.
On the Mammals, E. Eminons, loc. cit.; II. F. Osborii, Acad. Nat. Sc. Philad., 4to,
1888, and also in later papers; R. Owen, Pal. Soc. London, 1871.
2.

Triassic and Jurassic of the Western Interior and Pacific Border Regions.
Triassic Formation.

The Trials of the Western Interior and Pacific border regions, although
of great thickness, has afforded few organic relics of any kind.
PLANTS. -The following are figures of three species of Cycads from the
At
Upper Triassie (Rhetie) of Honduras, described by Newberr (1888).
obtained
the Abiquiu Copper Mines. New Mexico, Newberry
(San Juan Rep.)
the new

species

Otozamites Macombii (also

Sonora),

and

Zam'tes

1187-1189.

1187

1189

1188

..\
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from

I

lot
-H
7
27,

Cvo&ns. - Fig. lisT, Anomozamites elegans; 1188, Otozamitos linguiformis; 1189, Encephalartos (?) denticulatus.
Nowboi'ry.
Sonora, Mexico, has afforded Newberi'y species of Fecopteris
the Virginia
(Oligocarpia), Aletlwpteris, Gamptopteris, Ti'niopteris including
and also a JeaflJ)ciUliU,
species Tsniopteris ?nayn?,folia ( T. latior Stur),
J. radiata, Nby., near J. .Münsteriana of the Richmond basin.
occidentalis.

Invertebrates include Brachiopods
Terebratula; Lamel I ibrancli
of the genera Rhyn ciwnella, S'pirferiii i, ai
Mollusks of the genera Pecten. Lima, A eie,il, Munot is, JI(tlub iU, Damn c/la,
Posidono inyu, Gorbula, 3,~?Iophoria, and other-,,,; Lnd Cephalopods of the old
f the genera
uyeceI'aS
genus Ortli oceras, and under the Ammonite gr i p,
which
are
i/es,
rcestes, Trop
(Figs. 1190. a), Tracliyceras (Figs. 1191, u),
characteristic, and also many others.
Fairplay, Col.,
A few Insects 'have been described by Scudder from
All but one, a HPmil)ter, are of the
which are supposed to be Triassic.
ANIMALS

-The

ijiie species of
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Cockroach group (Blattaria); and out of the 17 species, 11 have the wings
like those of the Paleozoic species as to transparency and nervures, and
belong partly to described genera, while six are Mesozoic in the character of
11 (in

1190-1191.
90 a.

1101.

1191 a.
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AMM0NrrE F&Mmv. - Fig. 1190, Sageceras Haldthgerl; 1190 a, same in profile; 1191, Trachyceras Whltneyl;
1191 a, same, showing form of pockets. Onbb.
the nervures, and in having the fore wings more or less opaque, approach
ing thus the modern kinds. This commingling of Paleozoic and Mesozoic
types leads Scudder to the conclusion that the beds are Triassic, although
referred by Lesquereux, on the ground of some imperfectly preserved fossil
leaves, to the Permian.

The Trias of Idaho, which hyatt considers the lowest yet found in this country,
contains, according to 'White (1879), Terebratula augusta, T. sernisimplex, Aviculopecten
Idahoensis Meek, A. Pealsi, A. aUus, Eumicroti curta Mk. & H., Arcestes cirratus (?),
Meekoceras apianatum, and others.
In western Nevada, West Humboldt region (King), Ortiweeras Biakei, Saqece'ras
I1'ajdznqerz, Track yceras JVhitneyi, Arcestes Neeaclens(s Mk., A. Gabbi, Jlyophoria alta,
Monotis subeircularis, I1'alobia dub Ia, Avicula 1-1wntrayi, Thrlviliia (Daonel?a) Loutmeli,
Peeten deforinis, Pentacrinus asteriscus (?), etc. Hyatt reports from I)esato a Moun
tains, New Pass, and Walker's Lake of Nevada, besides some of the above forms, Gym
notoceras rotellforme, Trackyce ras Whit neyi.
In the Taylorville region, Plumas County, Cal., occur, as identified by Hyatt (1829)
from the successive beds: (a, or lowest) slates, the Monotis bed, Monotis subcircularis
Gabb (which he says may be M. salin.ara Schioth.), Pecten deforinis Gabb, and at the
top, Daonella tenuistriata hyatt; (b) a limestone, the Rhabdoceras bed, with, besides the
preceding, species of Nucula, Lima, Modiola, .M'yacites, Rh!,nchonel!a, and Ammonites of
the genera Ammonites and Arcestes, Rhabdoceras Russelli (a strait Ceratite), with Belem
nites of the genus Atrac(ites; (c) the Halobia bed, with species of Halobia, Arcestes,
T'ropites; (d) the Hosselkus limestone, with the same Ammonites, and others of the genera
Geratites, Badiotites, and Juvavites. The upper subdivision is referred by hyatt to the
Lower Cariiic of the Alpine (Upper) Trias, and the others to the Upper Noric.
From British Columbia have been reported by Wliiteaves, who has described several
of the species as new from Queen Charlotte Islands, the Ammonites Arcestes Gabbi,
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Badiotites Carlottensis, Aulacoeras Cariottensis: from northern Vancouver, Arcestes
Gabbi and Arniotites (Balatonites) Vaneouverensis ; from Lia.rd River, about 59° 161 N.
and 125° 35 W., Spinier borealis, Terebratnia Liardensis, Halobia (Daoneila) Lonimeli,
H. occidentalis, Monots subcircul.aris Gabb (probably = Pseudomonotis Oclwtica of Keyserling), Nautilus Liardensis (near N. Sibyllw of Spitzbergen), and Trachyceras Ganadense
(1889). All are of the Upper Trias.
Of Fishes, few species are known.
Several SamIan vertebne are mentioned by King as having been observed in the
Trias of western Nevada, and I-Iyatt speaks of fragments of Vertebrates in the Sierra
Nevada Triassic. A large Crocodilian of the genus Belodon has been described by Cope,
from the Gallinas valley in the Sierra Madre Mountains, New Mexico, under the name
Typothoraz coccinarum.
Dystroplucus via'inaiu Cope (1877), found by Newberry in
Painted Caflon, southeastern Utah, is supposed to be a Dinosaur.
Although Amphibians are many and of great size in Europe at this era, no remains
are yet known from the ''estern half of North America.
Jurassic Formation.
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The Jurassic beds are much less barren in fossils than the Triassic, and
yet are seldom prolific in species.
Gastropods are rare, and Cephalopods
not numerous.
Invertebrate species were first discovered in them by Meek,
at the Black Hills, where the species here figured occur along with
many
others. The Crinoid disk, Fig. 1192, is of the genus Pentacrinus.
A species
1193.

u n,

1197.

-

1192-1197.

1196 a.

1196.

111)2. ji
\V j.
IWo.

PIg. 1192, a segment of the column of Pentacrinus nstorl8cus; 1193, Monotis curta; 1194, Trlgonia Conradi;
1195, TancredIaWarrenIana; 1196, Quenstedloceras cordifornie; 1196 a, side view of same, a little reduced;
1197, Belemnites densus. Meek.
of the Ammonite group is represented in Figs. 1196, 1196 a.
The Belemnite,
Belemnites densus Meek, Fig. 1197, is from these beds, which have been
named by Marsh the Baptanodon beds.
(These Baptanodon beds, near
Como, Colorado, are marine, and overlie Red beds which are referred to the
Triassic; above them are the freshwater Atlantosaurus beds of Marsh, and
The fossil here represented is
overlying these comes the Dakota group.)
the lower end of the internal bone answering to the bone of the
Squid, but
from
those of modern species in the texture and
differing
weight of the
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"
posterior portion or
guard."
(A perfect bone of similar nature is shown in
Fig. 1300, page 782.)
The Jurassic of Taylorville, Plunias County, Cal., has afforded Hyatt
the Upper Lias, J'inna expaisa, Fig.
many species, and among them, from
120l; frommi the O6Iyte, Lima Thylorensis, 1199, and Entolium. qibbosum, 1200
and fi'oin the Coral bed, Sty/ma tubu/ifera, 1202. The Ainmonite, Ar,ioceras
emaluum (Fig. 1198) is from the Jurassic at Volcano, Nev. (Am. Jour.
Conch., vol. v., p1. 3).
1198-1202.
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1198.

1190.

Fig. 1198, Arntoeeras Nevadaum; 1199, Lima Taylorensis; 1200, Entoliuin gibbosurn; 1,201, Pinna expan8a;
1202, Stylina tubuilfora. Original.
Shells of the species of Aucellu froni time Auriferous slates are repreAucella Erri,s,tosii (so named in commemoration
sented in Figs. 1203-1205.
of the first discoverer of fossils on the i\[ariposa estate, s1iss Errington)
Occurs in time partially metamorphic upturned slates; Fig. 1203 represents
the common form ; and 1204, a narrower variety occurring in the. sandstone.
The Triassic genus Monotis is continued, one species of which is shown in
1203-1205.
1203

1204

1205

MOLLUSK. -A.ucella Errlngtonl. Meek.
Trigonia, related to Myophoria, has its first American species.
Fig. 1193.
Other characteristic genera of Laiuellibrauchs are Tancredkt, Lima, Gervilif a,
Gryphaa, Inocercunus, and Pholadomya.
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The Jurassic of Dakota, Wyoming, and Utah have afforded Ostrea stringileenia,
Tancredia extensa, Camptonectes bellistriatus, and the Ammonite Que)lstedioce,.qs curdz
/brme. That of Idaho afforded White: Pentacrinus asteriscus, Ostrea stringilecula,
species of Tancredia, Trigonia, Myacites, etc. In the Uintah Mountains, where the
rocks are shales and sandstones with limestone, occur Pentacrinus asteriscus, Belem
nites densus, Trigonia, ryphcca calceola, 111yOJ)1,Oria lineala, Camptonectes hellistriatus,
Eurnicrotis curta, etc.; and in the Wasatch have been found Cuculkea Hauci, -ilkyop/wria
lineata, Myacites subcompressa, Voisella scaipra (King's Report on the 40th Parallel).
In the West Humboldt region, west Nevada, occur Belennites iVevadensis, species of
.illontlivaitia, etc.; and probably from this region came the Ammonite, Arnioeeras
Humboldti; in Esmeralcia County, Nev., Vermiceras Crossmani, Arnioceras Nevadense;
in Iuyo County, Cal., Arnioceras lVoodhuili.
Jurassic beds at Taylorville, Cal., on the Sierra Nevada, afforded Hyatt, in the lower
beds referred to the Lias, besides the most of the above genera, species of Pinna,
Entoliu'?n, Goniomya, Pleuromya; also an Echinoderm of the genus Cidaris and a
Crustacean of the genus Giypha'a. The Middle Oolytic beds contain, among the species,
Ammonites of the genera G'rammoceras and Splueroceras; and the Upper Oolyte, species
of the genus Rhacophyliites, with 3 species of Triqonia in the lower bed referred to the
Callovian division of the Oölyte, and several species of Coral of the genus Stylina referred
to the Corallian, besides the Camptonectes beilistriatus Mk., and the Bhiacophyllites of the
Upper Oöiyte. Hyatt speaks of the contrast of the species with those of the summit region
of the Black Hills, southeastern Wyoming, whose Ammonites are of the Cardioceras
family and whose beds are Cahlovian or Oxfordian.
The Mariposa beds extending to near Coifx, Placer Couhty, Cal., contain, according
to Hyatt, Gardioceras dubium of Oxfordian age, and striated Auceilce (Figs. 1203-1205) in
great numbers, Perisphinctes of the same types as those found in the Upper Jura, Upper
Oxfordian, and Volgian of Russia, namely, Perisphinctes virgulatiformis, P. Colfaxi,
P. Mühlbachi, and Belemnites Pacificus. None of these species pass into the Knoxville
beds.
The Queen Charlotte beds have afforded Whiteaves (Mesozoic Foss., Can. Survey,
1884) species of the Ammonite group of the genera Lytoceras, Haploceras, Ancyloceras
(A. Rernondi of Gabb), Hamites, and also species of Trigonia, Inoceramus, 4ucella,
A?nusium, Yoldia, etc.; also Belemnites dens us.
Among the Arctic fossils of this period, there are, at Prince Patrick Island, Ammonites M' Clintocki, a species near A. concavus Sow., of the Lower Oölyte; and at Cook's
Inlet, Ammonites Wosnessenski, A. biplex Sow. (?), Belemnites paxillosus (B. niger List ?),
and Pleuromya nnioiqjes Br. (Unlo liassinus Schubler). A. biplex also is reported to
occur in the Chilean Andes, in latitude 340 S., as well as in Britain and Europe.
1. Fishes. -Fishes are rare fossils.
The teeth of Geratodus Giin.theri of
Marsh have been described from the Upper Jurassic
(Atlantosaurus beds)
of Colorado.
2. Reptiles. - The Upper Jurassic formation of Colorado and Wyoming has
afforded, remains of a few Amphibians, many great and small Reptiles, and
of some Mammals.
The specimens are thus far from the "Baptanodon and

Atlantosaurus beds" of Colorado and Wyoming.
They include Sea-Saiirians
related to the Ichthyosaurs (page 784), and also Dinosaurs, Crocodilians,
Turtles, and Pterosaurs or Flying Reptiles.
Enaliosaurians (Ichthyopterygiaris). - These Sea-Saurians are the most
fish-like of Reptiles. This appears (1) in their biconcave vertebr
(Fig.
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1315 a, page 784); (2) in their locomotive organs or paddles (Fig. 1206) which
are fin-like in having no defined limb-bones beyond the upper, the rest of the
limb benig represented
by several series of

1200.
t

bones, and the number
of series exceeding the

normal number of fin,v:, and (3)m
the absence of a breast
bone, and the presence
of

dorsal

fins.
The
S
specimens from Wyo
ming of Baptanodom
discus of Marsh mdica.te a species eight or

'S--

c 0
6Cooo.f
000 0,
i

\
.

o

flQ0oo

Fig. 1200, Baptanodon discus, left hind paddle (x ); I, femur; t and m,
bones answering to tibia and fibula; I, first digit; V, fifth digit.
Marsh.

nine feet in length, with a toothless head and the orbit of great size (as in
Iclithyosaurs, page 784), with a sclerotic ring of 8 plates, which is conical as
in some birds.
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Dinosaurs. - Localities in Colorado and Wyoming are the most important
source of what is known about Jurassic Dinosaurs. They were the most
gigantic of terrestrial animals, in some cases reaching a length of 70 or 80 feet,
while at the same time they had a height of body and massiveness of limb that,
without evidence from the bones, would have been thought too great for
Besides this, some of the huge beasts had the most
muscle to move.
diminutive of brains; but, as a compensation, a nervous mass in the
sacrum 20 to 30 times as large as the brain for use in connection with the
hinder limbs and tail. There were both Carnivorous and Herbivorous kinds,

the latter the inferior.
The American herbivorous species are of three groups:
(a.) The
kinds
the
fore
and
hind
limbs nearly
having
,Sanropods or Saurian-footed;
five-toed
with
all
the
feet
is,
with
five usable
(that
equal, crocodile-like,
toes); the limb bones solid, but the vertebne, especially the anterior,
cavernous, and thereby light.
(b) The Stegosaurians, having very short
fore limbs; the fore feet five-toed and hinder three-toed; the limb bones and
vertebre solid; and the body covered with bony pieces or plates; the
all biconcave.
vertebr
(c) The Ornithopoda or bird-footed, having very
short fore limbs with the long hind limbs three-toed, bird-like, rarely four
toed; the bones of the hind limbs hollow, but the vertebras solid.
(Marsh.)
in
all
cases
the
fore
The Carnivorous species have
limbs short compared

with the hind limbs, and the latter usually three-toed, bird-like. The limb
bones are hollow, and the vertebre are more or less cavernous, in order, as
in birds, to have less to lift, especially in the anterior part of the body.
The following are some examples of Jurassic species under the several

subdivisions. The specimens are all from the Atlantosaurus beds of Colorado
and Wyoming.
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- (a) Sauropocis.
An idea of the skull in this
(1) Herbivorous Dinosaurs.
group is afforded by the following figures of Diplocloens iogus Marsh, found
near Cañon City.

The length of skull in this species was about 21 inches; of
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Fig. 1207, Diplodocuslongus, skull, side view (x ; 1208, Id. upper view (x ); a, aperture in maxillary; 6, antorbt
tal opening; c, nasal opening; c', cerebral hemispheres; d, orbit; e, lower temporal fossa; f, frontal
bone; f, fontanelle; m, maxillary bone; m', uiedulla; ii, nasal bone; oc, occipital condyle; ol, olfactory
lobes; op, optic lobe; p, parietal bone; pf, pro-frontal bone; pm, pro-maxillary bone; q, quadrate bone;
q,j, quadrato-jugal bone. Marsh.
brain, about three inches; of body, 150 feet. The position and relative size of
the brain is shown in Fig. 1208 at e'.
The teeth were peculiar, being very
The
long, and confined to the terminal part of the jaws.
animal is supposed to have been a hippopotamus-like wader, and to have
lived on vegetation in the w;itcr.
slender and
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The general character of the limbs, their height and massiveness, and the
form of the pelvic bones, are exhibited in Figs. 1209-1211 of Morosaurus
f/flffldis Marsh, a species
1209-1211.
about 40 feet long. The
fefemur (f) is about four
1210.
"'
feet
in length.
The
1209.
1211.
teeth (Fig. 1211, half the
natural size) are shorter
than in the preceding
,
p
and
more
numerspecies,
ous.
".
Nearly complete
L
P
skeletons of this Moro/
saurus have been obtained
in
Marsh
by
Wyoming.
Fig. 1212 represents
a
restoration of
an
allied

1
t

t

the
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species,
Boto,auru,
excelsils
Marsh, of which also a........................................
. .

.
skeleton nearly complete
has been obtained. The
DrosAun. - Morosanrus grandis (x). Fig. 1209, fore leg; a, scapula;
total length is about 60
c, coracoid; h, humerus ; r, radius; u, ulna; uc, ulnarcarpal ; I,
first metacarpal; Vmc, fifth metacarpal. Fig. 1210, hind log; it,
feet, and the height of
Iliac; is, isehium ; p. pubis; f, femur; t, tibia; f', fibula; a,
at
the
the
skeleton
astrngalus; c, calcaneum; Vmt, fifth metatarsal. Fig. 1211, tooth
middle of the body about
(x&). From Marsh.
15 feet, showing great magnitude; and yet it had, relatively to size of body,
Like Morosaurus,
one of the smallest of heads known among vertebrates.
1212.

Fig. 1212, Brontosaurus oxcolsus, restoration (x

Marsh.

its vertebr were very light and cavernous, with thin walls, even in the axis
of the sacrum. The feet were large enough to make tracks a square yard
in area. The sixth cervical vertebra was over 25 inches high and 21 broad.
The size of neck was still greater in another species, Apatosamrus laticollis
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Marsh, the corresponding dimensions of a cervical vertebra (Fig. 1213) being
4 feet and 24 feet. In Atiantosaunts imman is Marsh, a species probably 70
or 80 feet long, the femur was over six feet in length.
(b) Stegosaurians.
1213.

The Stegosaurs of Marsh were other huge species, but
with the fore limbs much the shorter, and
all the bones solid.
They were remarkable
for the crest of great bony plates along the
back, the diminutive size of the brain, and
the enormous supplementary nervous mass
in the sacrum. The figure is the restora
tion of Stegosaurus ungulatus Marsh, by the
describer, yff the natural size.
The head.
had a horny beak. The throat was covered
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Fig. 1213, Apatosaurus laticolils, cervical
vertebra x I; C, concave posterior
artloular surface; d, diapophysis; , para
popysis; Ii, hatchet bone, or anchylosed
rib; z', postzygapophysls. Marsh.

with

small

ossicles.

larger of the
plates along the back were 14 feet broad;
and the spines along the caudal portion,
nearly
OF "rO

The

2 feet bug.
All the plates and
.
1It,U U115111aA1J o 4-1-.L
IJ £LUiflJ cover-

ing. The relative size of the brain and the nervous mass in the sacrum is
shown in the figures, of
natural size: Fig. 1215, the brain; 1216, the mass
in the sacrum.
1214.

a.

01

ft. 1214, restoration of Stegosaurus ungulatus (x

); 1214 a, tooth of same (x 2).

Marsh.

(c) Ornitliopoda. - The animals of this group of Herbivorous Dinosaurs
were bird-like in feet, and strikingly so in the pelvic bones.
Both of these
characters are shown in the restoration of Camptosaurus dispar of Marsh
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(Fig. 1217), in which the skeleton is reduced to
pare with Fig. 1423, page 8O.)
Fig. 1219 represents the hind leg
of an allied species, Laosanrus con-

the natural size.

(Corn-

1215-1216.
1216.

sors of Marsh, and 1219 a, a tooth.
iVanosa u rus ajilis Marsh (Fig. 1220),
from Colorado, is the smallest of
known

Dinosaurs,

being about as
Another spe
large as a partridge.
cies, .Z'Tanosaurus Rex Marsh, also
from Colorado, was not larger than

.1

1215

a Fox.

(2) Carnivorous Dinosaurs. -Fig.
1221 represents a restoration of Ceratosaurus nusicornis Marsh, a mod
related
in
erately large species
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general characters to the Megcelosau
rus of Europe. The name nasicornis
alludes to their having a horncore
Owing
(h in Fig. 1222) on the nose.
the
to the form of the pelvis,
body
was keeled beneath; and the exist
ence of such a keel in some Triassic
species is supposed to account for

sit..

"

cF
-a
Fig. 1215, cast ofbrain of Stegosaurus Cx .); 0!, olfactory nerves; op, optic lobes; on, optic nerve;
cb, cerebellum; m, medulla oblongata. Fig. 1216,
cast of cavity of nervous mass in the sacrum,
seen from above (x ); f,f',f", each foramen,
between two sacral vcrtebne. Marsh.

impression sometimes found in
the sandstone between pairs of footprints.

an

1917

1217-1220.

1219

flEnnrvoItow4 DINOSAURS. -Fig. 1217. restoration of Camptosaurus dispar (x ); 1218, tooth of C. medius;
; 1219 a, tooth of same; 1220, Nanosaurus agilis, dentary bone, as
1l9. Laosaurns consors, hind leg (x
Marsh.
All
from
natural
size.
ft-ii
the
left,
seen
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ii

1222.
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1

Dnco8&va. - Fig. 1221, Restoration of Ceratosnurus naslcornis (x
Marsh.

1222, skull of same (x '); 4, horncore.

Allosaurns Marsh is another genus of Carnivorous Dinosaurs from the
Atlantosaurus beds, near Megalosauru in its characters.
Labrosaurus of
Marsh is another.
1223.
1224.

TURTLES. -Fig. 1228, Glyptops, a Turtle Skull, natural size; 1224, carapace of probably the same species (x J).
Marsh.
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Testudinates. - (il/ptops oriuttus Marsh (1890) was a Turtle with an
Atlantosaurus beds of
elaborately sculptured skull, from the freshwater
The form of the skull is shown in Fig. 1223. The carapace
Wyoming.
of
represented in Fig. 1224 was found in the same beds, and is probably
the same, or an allied, species.
A tortoise over a foot in diameter has been described by Cope (1878),
under the name Coinpseniysplicatilus, from the Upper Jurassic beds of Como,
Wyoming. The bony ease or carapace is as complete, according to Cope, as
in a modern tortoise, being without any embryonic or transitional characters.

Pterosaurs, or flying Reptiles (Figs. 1321 to 1325, pages 786,787), are known
from a few bones from Wyoming. The character of the wing in the Ptero
saurs is shown in Fig. 1321. The type specimen of Pterodactyl-us rnontantLs
Marsh is the distal portion of the metacarpal bone. The size indicates a
spread of wing of four or five feet.
3. Birds. - A portion of a skull of a bird rather larger than a Blue
Heron (Ardea herodias), from the Atlantosaurus beds of Wyoming, is the
1225

16
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1231

122-1

1225-1249.
r'2S

1
;30

12211
W.

~P

1't'

12

I.,. I

1286
aottt~00
124 123b

1229

~1240

NNW
1244

1215

(2\

1242

12-lU

1243

12-17

1248

12111

MAMMALS. - Fig. 1225, Allodon hitleeps, upper jaw, view from below; 1226, A. fortis, right premaxiliary, outer
view; 1227, Id., Inner view; 1228, id., lower incisor; 1229, Id., left upper jaw; 1230, Ctenacodmi serratus,
front view, showing the two
right lower jaw; 1281, Id., left lower jaw; 1222, C. potens, left lower jaw; 1288,
left
lower aw ; 1236, Dryolestes
1235,
1234,
Stylacodon
grucilis,
incisors
Id.,
right
upper
jaw;
together;
I
long
123,
Ltto(l0tt
VelilistUs,
left,
inner view; 1289, Asthe.
left
lower
jaw ;
prlscus, left lower jaw ; 1287, 11). vorox,
left
lower
1241,
Tinodon
1240,
anterior
bellus, right, inner
outer
view;
part
jaw;
nodon segnis, right,
Id.,
view; 1242, Dlpiocynodon victor, outer view; 124$, Llocodon striatus, inner; 1244, Menacodon rants, outer
view; 1245, Id., inner; 1246, Enneodon crassus, outer view; 1247, Priacodon fetox, Inner view; 1248, 1249,
Paurodon valens, left lower jaw. All natural size except 1225, 1280, 1238, which are 1; and 1242, 1248, 1.
From Marsh.
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basis of the species Laopteryx priscus of Marsh.
biconcave vertebrae.

It probably had teeth and

4. Mammals. - Remains of Jurassic Mammals have been described by
Marsh from the Atlantosaurus series, and mostly from Wyoming, where

portions of lower jaws of some hundreds of individuals have been found.
in thin dirt-beds.
(The same beds have afforded, besides Dinosaurian bones,
remains of Crocodiles, Turtles, small Lizards, and Fishes, besides the Laop
The Mammals were like mice and rats in size, the length of the
teryx.)
lower jaw varying from half an inch to one and one half inches.
Specimens,
more or less perfect, of the jaws of species are shown in Figs. 1225-1249,
G1tenacodon has a large cutting incisor, as Figs. 1230-1233
from Marsh.
show, and. is referred, along with the genus Ailodon, to the same family with

the genus Piaglaulax of Owen.
The characters of the others are mostly
The number of teeth in some modern
those of Marsupial Insectivores.
Marsupials is 4 to 4 above the normal number 44; but in the Triassic and

Jurassic species, where determinable, as tabulated by Osborii, it is beyond the
normal number by 4 to 24 teeth; the earliest Dromatherium is stated to have
had 56 teeth; the Jurassic Stylacodon, 68.
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FOREIGN TRIASSIC AND JURASSIC.
1. TRIASSIC.
At the commencement of the

Triassic

period, Scotland and western
Triassic beds show that the only under

England were mostly dry land.
water or rock-making region of western England (Wales included) was
that of a broad channel, passing westward over Cheshire to the coast of

the Irish Sea by Liverpool, and northward of that city. Eastward, the chan
nel opened into the North Sea of the era, or into its great sea-border flats;
and the shore line stretched northward nearly to Newcastle, thence
along by eastern Scotland, and southwestward to Torquay on the British
Channel.
But the seashore flats appear to have been emerged land over
southeastern England, the Triassic being absent according to evidence from

borings. In Europe, southeast of England, beyond a broad border region of
the continent (now under Tertiary or Cretaceous rocks), Triassic beds again
appear over both eastern France and the Netherlands; and the two areas,
united (beneath a strip of Tertiary) behind the Carboniferous area of the
Belgian border, continue from the Vosges Mountains to Saxoity, Bohemia,
and the Juras on the borders of Switzerland, and also along the western and
eastern Alps into Italy and Austria.
Further, they appear again over a

large surface in Russia, west of the T.Jrals, reaching froni the Caspian to the
coast east of the White Sea, and again farther north, in Spitzbergen, as
And since the interval between the Triassic outcrops of
already stated.
Austria and Russia, and that between the Alpine and the Fraiieo-Prussian
areas are largely under later rocks, it is probable that at this period nearly
all outside of Scandinavia and the Baltic provinces in Russia was a shallow
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continental sea.

In the earlier and later part of the Triassic, it was very
shallow, the conditions those of sea margins and seashore basins, and brack
ish-water flats; in its middle portion of somewhat deeper waters; but about
the region of the eastern Alps, and along the side of the Alps toward the
Mediterranean, as well as in southern France and Austria, the waters, judg
ing from the prevalence of limestones, their thickness and the fossils, were
those of a clear, open sea.
ii can region.

This region has been designated the .Mediterra-

ROCKS -SUBDIVISIONS, KINDS AND DISTRIBUTION.
1.

LowE1

TulAs or V0SGIAN.-Represented generally by red or
sandstones
variegated
passing to whitish niarlytes and pebbly beds; salt
beds are sometimes present, and also gypsum. In England it includes the
Lower Red Sandstone of the Trias, 1000 feet to 2000 feet thick; in Germany,
the Buntersandsteiii; in France, the Grès des Vosges and Grès bigarré (bunter
and bigarré lileaning variegated); but in the eastern Alps, in Lombardy, and
the Tyrol, a limestone, the Gutenstein, underlying the Werfen sandstone
with rock salt and gypsum.
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2.

MrDDLE TRIA5 or FRANCONIAN.-The rock is limestone in Germany,
France, and the Alps; it is not recognized in England.
It is represented by
the Musehelkalk of Germany, with the Wellenkalk below, and affords rock
salt in \Vi:irtemberg; and by the Calcaire Conchylien in France.

3. Ui'iii TRIAS. - (1) Jteuperian. In England mostly like the Lower
In Germany there
Trias in its rocks; it affords rock salt at Cheshire.
are, below, red shales and marlytes with thin coal seams -the Kohien

keuper or Lettenkohle; and above, the Keupermergel, marlytes containing
gypsilim
Gypsiferous beds and rock salt occur in Lorraine, and at Salz
kammergut, near Salzburg, Austria. In the eastern Alps, there are the St.
Cassian beds; in Sweden, gray and red marlytes, with some good coal.
(2) The Rha'tic, so-named from the Rha.tic Alps. The beds are limestone
or shales.
They include the Kössen beds of Germany, the Avicula contorta
beds; the larger part of the Dachstein limestone of the eastern Alps; and
in England the Penarth beds of shales overlying the Trias from Yorkshire
to L me-Regis, 50 to 150 feet thick. One to three bone-beds occur in the
lower part in England, and also in Bourgogne, Hanover, Brunswick, and
Francoriia. The Rhtic is sometimes placed at the base of the Lias.

The rllrjas has great thickness in the Alps, especially the Italian, it being
nearly 13,000 feet along a belt from Bardonnèche (Savoy), by the Mont
Cenis tunnel, to Modena. This great thickness is owing to the fact that
of accumulation, for the
preparations were in progress, through a geosyncline
Tertiary mountain making, which took place along the range at the close of
the Miocene.

In peninsular India, the upper part of the Gondwâna series, the Panchet group, is
Triassic; it is without marine fossils. Outside of the peninsula, Triassic beds occur in
DANA'S MANUAL -49
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the Salt Range of the Punjab; in northern Kashmir, and along the mountain region as
far as Spiti in western Tibet, resting on Carboniferous rocks, where the succession of
beds from the Lower to the Upper is closely like that of the Alps. They are concealed by
Cretaceous if they exist in Sind. In South Africa, the Karoo beds include, above the Ecca
beds (which are referred to the Permian, and are equivalents of the Lower Gondwtna of
India) : (1) the Kimberley shale; () the l3eaufort beds ; and (3) the Stormberg beds or
Upper Karoo ; and the last have afforded l'ukroniscus Bainel, P. sculpius, Ceratodus
Capensis, etc. None of the fossils are marine.
In Australia, in New South Wales, the widespread Hawkesbury sandstone, mostly
In New Zealand, Dr. 1-lector has
unfossiliferous, is probably Jurassic or .Jura-Trias.
described as Triassic an Oreti series, including great bowlder deposits, in northern and
southern New Zealand, containing stones up to 5! in diameter; and the overlying Wairoa
series, in which are some Upper Triassic fossils.
For further details as to subdivisions, see page 773.
LIFE OF THE FOREIGN TRIASSIC.
PLANTS. -The range of Triassic plants corresponds with that of North
America. Among Conifers occur the Cypress, Figs. 1250, 1251, Voltzia hetero
Of Cycads,
phylla, from the Lower Trias, and Spruces of the genus Albertia.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

1250-1252.

Fig. 1250, Voltzla heterophylla; 1251, one of Its frult.benrlng branches; 1252, Pterophvllurn Ja'geri.
1251, from Vogt; 1252, Broun.

Figs. 1250,

Pterophyllum Jceqeri, Fig. 1252, is a species from the Upper Trias.
and Equiseta were common.

Ferns

ANIMALS.-1. Radiates, though not abundant, are
represented by Cri
noids, Starfishes, and a few Corals.
Among Crinoids, the Middle Ti,ias
affords
the
(Muschelkalk)
abundantly
Lily Encrinite, Eiwrinu liliiforinis,
The Lamelhibranch, Oeri'illia socialis, Fig. 1254., is troiii the same
Fig. 1253.
limestone; the Myophoria, Fig. 1255, of the Ti'igouia htniilv, is from the
The Avicida coutorta Porti., characteristic of the Rhiwt-w beds,
Upper Trias.
is represented in Fig. 1256.
The Cephalopods were represented by CerajiteS,
one of which, from the Musehelkalk, C. iodosus Sehioth., is shown in
Figs.
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1258, 1_259; an Ammonite, from the 1( uler, is the Ciwliscites lornatus Braun.
The genus £Voristoceras, ol' the Aininonite family, cuittaitis Triassie species
that are ii H cerztiie
253.

125:-1257.

1254.

in the partitions, but
the whorls of the

-

4\i\
:L.;
71

T
-e first presentcd
the type ; and

/
ICo¬hle
(('s
'

of

the

Trias has a turreted
shell like Turrililes

1256

of the (,retaceous.
2. Crustaceans,
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voids

CRuoin. - Fig. 1258, Encrlnus lilhiformis. LAMELI.IRRANCIIS. - Fig. 12M,
Gervillia soclalls; 1255, Mvophoria linenta; 1256, Aviculn eontorta. OSmAcoin. -Fig. 1257, Estheria minuta. Figs. 1253, 1257, D'Orblgny ; 1254,
\Togt 1255, LveII 1256, Portlock.

are

common.

Goldf. (Fig. 12571)
abounds in a stra-

tUuI of the Lower
Trias, and has given

rise to the name Es
titeria .q/u(les.
MaCflLl'aflS, allied to the Crawfish or Lobsters, occur, one of
whieh is Pt'mphix Sueurii 1)esm., of the Miischelkalk (Fig. 1262).
12,534

1258-1261.

1262.

12(iO.

1261.

bri

çf) H

1 2r).

<
U
CEPHALOPODS. - Fig. 1258, Ceratites nodosus ; 1259, dorsal view of portion of
same, showing the dorsal lobes 01' the septa; 12(O, Chuliseites tornutus
1261, side view of same (4). Figs. 1258, 1259, D'Orbigny ; 1260, 1261,
from Vogt.

Peniphix Suourli,
from Naumaiin.

Insects of the Trias are Cockroaches (Orthopters) of
both paiwic and modern type; several true Nturoters ; and Beetles or
Coleopters of the (Jureulio (Weevil) family, as Cuceulionites prodromus Heer,
and of Cli rysomelids and Buprestids, from the Lower Keuper.
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3. Fishes. - Hybodont and Cestraciont sharks of the genera H,'bod8,
Acrodns, and Strophodus here first appear: Fig. 361, a tooth of Hibodug
There were
minor Au., from the Keuper, and Fig. 362, of II. plicatilis Ag.
also Ganoids of the genera Saurichthys, Gyrolepis, Amblypterus, Paiceoniseus,
Pycnodus, etc.; and Geratoclus of the Dipnoans.

4. Amphibians. - The Labyrinthodont, .1)iastodonsanrus giganteus, was a
scale-covered species; Fig. 1263 represents its cranium, which was two feet
Several other species of
long, and Fig. 1263 a, a tooth three inches long.
The tracks,
Labyrinthodonts are. known from British and European beds.
Fid
named Ch irotherium (from
hand, and Opov), are supposed to
16. 1"641
be those of a Labyrinthodont.
1263 a.

1263.

1263-1265.
1265.
12(T4.
h
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.:

L

A.tPHIBLSS. -Fig. 1268, Mastodonsaurus giganteus (x ); 1268 a, tooth of same; 1264, Chirotheriurn x
1265, track of a Turtle? Figs. 1268, 1268 a, Braun; 1264, 1265, D'OIblgny.
. Reptiles. -The British and other foreign Triassic reptiles comprise
species of Rhynchocephs, Anomodonts, Belodont Crocodilians, Dinosaurs,
-

1266.

RIIYriOIIOCEI.It. - Fig. 1266, Telerpoton Elgineuse.
Chelonians, and

-

From Mantel.

Sea-Saurians.
Under the Rhynchoceplis, there are the
genera: Hyperodapedon of Huxley, species of which occur in the Triassic
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beds of India, as well as Great Britain; and Rhynclioscwru8, from the Upper
Trias of England, both having the jaws beaked at the extremity, but supplied
with short palatal teeth.
Telerpeton Elginense (Fig. 1266), from the Elgin
sandstones of Scotland (at first supposed to be Devonian in age), is referred
to the Rhynchocephs. The Anomodoiits include Dicynodon of Owen, and
other genera from the Karoo beds of South Africa, and from India; also
horned Reptiles from Elgin, one of which, the Elginia mirabilis, had, besides

a pair of long horns in the position of those in cattle, other smaller horn-like
projections over the front and sides of the cranium. The Elgin fauna was
closely like that of the African Karoo beds, and the Indian Panchet and
Maléri beds.
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Crocodilians of the genus Stagonolepis occur in the Upper Trias of Eng
land and Scotland, and a Belodont in the Rhetic beds of Germany. The
carnivorous Dinosaurians included Thecodontosaurus and Palceosa urus of the
Keuper.
The earliest &a-Saurians are from the Middle Trias, and are of Plesio
saurian type. The paddles have the limb bone distinct and the normal
number of fingers; the teeth are in sockets; the vertebra,, feebly biconcave;
the neck very long; the orbits very large, without a sclerotic
1267.
The Triassic genera Simosaurus, iYothosaurus, and others,
ring.
are characterized by very large orbital openings. Both of the
genera Plesiosaurus and Ichthyosaurus have Rhtic species.
I
Turtles are represented in the Keuper by the Proganoclielys
Quenstedtii of Baur. The tracks, Fig. 1265, are supposed to be
those of a Turtle, as the rights and lefts, in the series observed,
are far apart.

1267 a.

6. Mammals. - The earliest remains of Mammals are found in
Microlestes
the Rhatic beds; one species at Würtemberg (Figs. 126T, 126T a),
Microlestes antiquus Plieninger, and another, M. 11oorei Owen,
The teeth resemble those of Dromatherium. The
from Somerset, England.
species were Marsupial.
South Africa.

Trityiodon is a related genus from the Triassic of

Characteristic Species.
1. Vosgian, or Lower Trias (in the Alps, the JVei:fenian). -In Germany, the upper
part contains, with sandstone, some limestone or dolomyte and gypsum, with Myophoria
costata, M. vulgans, Xa.tjceila eostata, Estheria ininuta, Voltzia heterophylla, Equisetum
arenace inn, Chirotherium (tracks), Piacodus, Notiwsaurus, Trematosa urns. Other
Lower Triassic species are Geratites LiIkldendo7Ji, Triolites Cassianus, Kenodiscus Schnmidti,
and Dinarites Lkcanus.
In the Alps and Mediterranean province: the TVerfen shales; stage of Tirolanus
Cassianus?and Naticelia costata.
2. Franconian, or Middle Trias. -In Germany: (a) The Wellen Kalk in Franconia
(WTurzburg, etc.) and elsewhere, with Benec/eia Buchii (Nautilus bidorsatus), Spirifer
. socialis, Myophoria orbicularis; (b) limestones, partly
fi'a gills, Th'viliia costata,
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oölytic, with Ceratlees nodosus, E'ncrinus lilhifor?ns, Myophoiia eulgari., ilIonots .4/l;ertj,
Lima striata, Pecten dsctes, Spirfer fra gills.
In the Alps, the Viryloria or Gutenstein limestone (the Vir1ilnrian.) : (a) stage of
Trachycera.' balatnicu?n and '1'. binodosuin ; (b) stage of Traeliyceras trinodosum. In
Lombardy the same stages: Varenna marble, Salvator doloinyte, Besano doloinyte. Other
Middle Triassic species are Ptychites gibbosus, Gymnites incult'us, Foosdiceras bidorsatum,
Atractites secundus.
3. Upper Trias. - (1) Kenperian. In Germany: (a) Letten/cohie group with the
Grenzdolowit ; Aiwplopliora lettica, Myophoria Goidjussi, Esther/a minuta, C.'ratodus,
Equtseta, Ualamites, Voltzia ; (1) Keupermergel, with Anoplophora Jlflnsteri, Esther/a,
Mastodonsaurus Jt'qeri, Eqinseta, Pteruphyilnm Ja'geri, Calam ites arenaee us, Daweopsis.
In the Alps: (a) lVengen shales overlaid by (b) the St. Cassian beds and (c the
Hallstadt limestone of the Salzburg region ; (d) Wetterstein limestone and (e) Schlerii
dolomyte ; with the stages (a) Arcestes giganto-galeatus and Piuaeoeeras Metternichi
(overlying beds of the Middle Trias containing Choristoceras Haneri); (b) Pinacoceras
parma, and Didymites glob-its; (c) Arcestes ruber; (d) Didymites tectus; (e) Tropites
subbuliatus. In Lombardy: the zones of (a) Trachyceras Reitzi and T. Cur/un/i; (h) T.
Archelaus and Daonella Lommeli.
(2) Rha'tic beds. -In England : Avicula contorta, Pecten Valoniensis (these two species
characteristic and abundant), Pleurophorus elonqat us, Pullastra arenjeola, Monot/s
decussata, ilodiola minima, Ostrea liassica ; Spinier MThmsteri, Estlieria minuta ;
Acrodus minimus, Hybodus pt/cat/Us, Sauniehthys apzcaiis, Gyrolepis tefl?( (St riala,
of !rht/iyosaurs and Plesiosaurs, tracks of Chirotheriuni ; Microlestes in
vertebrm
Bone-bed. Many of the species occur also in the Lias.
In the Alps: (a) Raibi shales ; (b) Hauptdolomit (Dachstein limestone); (e) Kiissen
beds: stages (a) Traclnceras aonoides, Jardites crenatus, Gervilhia b/part/ta; (b) Turbo
solitanius, Avicula exihis, Megalodon triqueter; (c) Avicula contorta.
The "White Lias" of England, at the top of the Rhtic, also called the Infra-Lias, is
the Hettangian of Renevier.
The Triassic rocks of Spitzbergen, partly bituminous shales, have afforded species of
Nautilus, Ammonites, Ceratites, Flalobia, etc., closely like, if not identical with, species
of the St. Cassian beds (Laue).
2. JURASSIC.
The belt of Trias in England (see map, page 694) is succeeded on the
eastward by approximately parallel and interlocking belts of Lias and
This position of the ,Jurassic areas
Oolyte, and then follows the Cretaceous.
between the Triassic and Cretaceous is common over Europe.
In France and
Germany, south of the broad coast region of Tertiary and Cretaceous, comes

first the Jurassic next to the Cretaceous, and then the Triassic. The British
Jurassic belt, which reaches the Channel at
Lyine-Regis, reappears in France,
and is continued along by the inner side of the Cretaceous, about the so-called
Paris Basin, and also in Hanover, in northwestern Germany.
Further,

Jurassic areas border the inner side of the Triassic.
From west-central
France they extend southeast to the Mediterranean, and From east-Pe11tUtl
southeast to the Juras; and a long Jura-iiiountain belt, of northeastward
course, reaches far into northern Bavaria and
Jurassic rocks occur
Germany.
also along both sides of the Alps, and extend on
through the Austrian Alps
and after an
interruption about Vienna, appear again in the Carpathians.
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They outcrop along the Apennines, the Pyrenees, and east-central Spain.
They cover large areas in central and northern Russia. The beds have a
small development along the Alps compared with the Triassic; but the
fossils and rocks show, by their kinds, that the great continental sea was
here of unusual depth and purity.
In England the subdivisions of the Jurassic series are as follows: 1. Liassic Group.
(1) The LoWER LIAS, consisting of clays, shales, and gray limestone,
and about 900 feet thick.
(2) The MIDDLE LIAS, or Maristone, a coarse shaly argillaceous and
ferruginous limestone with sand-beds and clays; 200 to 350 feet thick.
(3) The UPPER LIAS, consisting of clays and shales, and containing lime
stone concretions; 200 to 300 feet thick; with the Midford sands in southern
England about 200 feet. The jet of the Yorkshire coast is a compact variety
of coal from the Upper Lias.
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These subdivisions were named in France by D'Orbigny: (1) the Sinemurian, from
the Latin word for the town of Sémur; (2) the Liassian; and (3) the Toarcian, from
Thouars, in western France.
(1) The LOWER OöLYTE.

2. Olytic Group.

Divided into (1) the Inferior Oölyte, which includes the sandstones or Dogger of Yorkshire and the Cheltenham beds -the Bajocian; and (2) the Great or Bath 06lyte -the
Batlionian, including (a) the Fuller's earth, or clay-beds of varying thickness up to 4901
in Dorsetshire; (b) the Stonesfield slate, a thin-bedded limestone in Oxfordshire,
and above it; (c) the Forest Marble, consisting of sandy and clayey layers with Oolyte;
and (d) the Cornbrash, a coarse shelly limestone. At Brora, on the east coast of northern
Scotland, there is a coal-bed 2 thick, overlaid by beds containing Middle Oölyte fossils.
In Yorkshire, the Inferior Oölyte contains estuarine beds with thin seams of coal and
many remains of plants.
(2)

The MIDDLE, or OXFORD OöLYTE.

(3)

The UPPER, or PORTLAND OöLYTE.

Divided into (1) the Callovtan, consisting of the Kellaways rock; (2) the Oxfordian,
calcareous sandstone and the Oxford clay; and (3) the Corailian, made up of the Coral
rag or Coralline Oölyte, 10' to 1201, with more or less of calcareous grit, 5' to 80'.
Divided into (1) the Kimmerithjian, or Kimmeridge clay, having ferruginous con
cretions in the lower division, called "doggers" ; (2) the Portlandian, or the Port
land stone, including mar1ytes and limestone, in part oölytic, with fresh-water beds; and
(3) the Purbeckian, or Purbeck beds, well displayed in Dorsetshire, mostly shales
with some limestone at middle which is partly of marine origin, 100' to 400' thick, and
affording remains of numerous Insects and Mammals. The "Portland dirt-bed" is at
its base.
In Europe
page 790.

other subdivisions

have

been introduced, for which see
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The "Black Jura" of Germany corresponds to the Lias ; the "Brown Jura" or
"Dogger"to the Lower Oolyte and Callovian; and the Upper or White .Jura, or Maim,
to the rest of the Middle and the Upper Oölytes, from the Callovian to the Portland beds
inclusive. To the Kimmeridgian group belongs the fine-grained lithographic limestone of
Solenhofen at Papenheim, in Bavaria, near Munich, about 80' thick, noted for its wonder
fully perfect preservation of fossil Crustaceans, Squids, Insects, impressions of birds'
feathers and of wings of Pterodactyls.
In Peninsular India, in the district of Cutch, the beds referred to the Jurassic have a
thickness of 6000', the lower chiefly marine, and the upper as prominently fresh-water.
Outside of the peninsula the Jurassic occurs in the Salt Range and northwest Himalaya,
with characteristic fossils.
In Australia, Jurassic rocks with many fossils have been observed in Western Australia,
of the periods of the Middle and Upper Lias and Lower Oölyte; and in Queensland, of the
Upper Oölyte (C. Moore, Q. J. . Soc., 1870).
Auceila-bearing beds have been observed, as C. A. White states in Becker's Report
(see page 83fi), near Moscow, in Petschora-land, near the Caspian, in northern Siberia, in
Nova Zembla, Spitzbergen, in the Kuhn Islands near the east coast of Greenland, in
southern India, in New Zealand, and in Brazil; and they have been referred by most
authors to the Jurassic; but Professor Eichwald makes them Neocomian, and Zittel
refers those of New Zealand to the Jura or Lower Cretaceous.
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LIFE OF THE FOREIGN JURASSIC.
The Lias and Oölyte of Britain and Europe afforded the first full display
of the marine fauna of the world since the era of the Subcarbon iferous.
Very partial exhibits were made by the few marine beds among the Coal
measures; still less by the beds of the Permian, and far less by the Triassic.
The seas had not been depopulated.
The occurrence of over 4000

invertebrate species in Britain in the single Jurassic period is evidence,
not of deficient life for the eras preceding, but of extremely deficient records.

Further, this meagerness in American records continued until the Cretaceous
Moreover, in order to put together rightly the American and Euro
period.
pean records, it is necessary to note that the events of the epochs of the Lias
and Lower Oölyte, with their vertebrate life, have their
place, according to
present knowledge, be
1268.
12(0.
fore those of the Amen
__7___
can Atlantosaurus beds;
that is, between those
of the

Oölyte
and of the Triassic.

>
-

Middle

PLANTS. -The land
plants of the Juias
sic period were mainly
C//Cads, Go, f'rs, Ferns,

Fig. 126, Section from near Lullworth cove, showing stumps of trees anti Eqitiseta, as in the
in the Portland 'dirt-bed"; 1209,
stump of the Cycad, Mantellia mega- Triassic..
Leaves and
lophylla (x ). Buckland.
stems occur in many
strata, and especially in the Lower
Oolyte in the Yorkshire beds and in the
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Stonesfield slate, chiefly near Woodstock, where have been found over 80
The Middle and
species of Ferns, nearly 20 of Conifers, and 40 of Cycads.
Upper Oilyte have afforded about 16 other species. The Conifers are of
the genera Taxifrs, Thin, ites, Cupressites, Araucarites, -names which express
their modern relations. There were also Enelogens of the Arum and Pan
danus families; but no Angiosperms or Palms. The "dirt-bed" at the base
of the Purbeek has afforded stumps of Cycads (Fig. 1268), including three
species of Manteiiut, one of which is shown in Fig. 1269. There is also a
species of Pine (Pin ites), besides a few other plants.
INVERTEflRATES. - Siliceous sponges, both the Hexactinellid (Fig.
12170) and Lithistid kinds, were very common in the Middle and Upper
Olyte, and so-called sponge-beds occur in the European Oölyte at different
levels.

I'oiyp-corals were of many kinds, of the modern Hexacoralla type (hav
ing the rays a multiple of 6). The Corals flourished like the species of
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1270.

1271.

1272.

SPONGE, of the Oiilyte. -Fig. 1270, Tromadlctyon roticnlatum. POLTP-OORALS, of the Oölyte. -Fig. 1271, MoDt
IlvaItIa caryophyllatn; 1272, Iastrtua oblonga. D'Orblgny.
modern coral reefs (1) in the pure ocean waters, and (2) many too in the
shallow waters of the ocean's borders, as about modern coral reefs. For
(1) the limestones make several alternations with the sediments, clays,

and sand-beds of the sea margins; and (2) only the purer limestones contain
the corals.
They abound in England in some beds of the Lias, in both
sections of the Lower Oölyte, the Inferior and the Great (Jölyte, in the Corallian
of the Middle Oölyte, but are absent from the Kellaway beds or Oxford clay

of the Middle, and from all of the Upper Oölyte beds in England, excepting
a single species, iqastra.a oblonga (Fig. 1272), in the Portland limestone.
The reef species of the Oölyte may have flourished at greater depths than
those of existing reefs, but appear not to have been, in general, abyssal
species.
The most of the species of the Lias are of the genera ilfontlivaltia (M. caryophyllata,
Fig. 1271, from the Bath Oölyte), Thecosmilia, Astroccenia, lsascrwa; and excepting
Astrocnia these, with Thuia strwa, are the most prominent genera in the Lower Oölyte.
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The Isastraa, Thecosmilia, and Thamnastra'a corals are massive kinds. Etheridge's
tables for British fossils in 1885 give the number of Jurassic species, in all, 236, and of
these the genera mentioned contain Total
14
24
44
21
27

Astroccenia
Isastra
Montlivaltia
Thecosmilia
Thamnastra?a

Lia
14
10
25
14
21

Lower Oiilyte Mkld1t Oölyto
0
0
18
4
18
1
6
1
23
3

Upper Oölyto
0
1
0
0
0

Echinoderms were in profusion, as in existing coral seas.
Crinoids were
numerous of the genera Pentacrin?Ls, Apiocrinus, and others.
Pentacrinus
(Extracrinns) Briareus (Fig. 12S) is one of the common and most re
markable of the sneeis in the Lias;
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1273

IC 0

a bed in the Lower Lias is largely
1273-1278.
1277

b

EOUtNODEaMB. -Fig. 1278, AploerthuB Rolsynnu8 (x 1), Oölyte, the iiiIddic jart (of tin' titeui oinittt'd ; 1'2T4
Sa000soma pectinata, Oxfordlan; 1275, PetidodIa4emti serlalu; 1270, Mark Blutueijbachtl ; 1277, 8p1110 of tiit
laat; 1278, Pentacilnua (Extracrilius) BriareuM.
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made of it and shells ot Or?/p/?a'a ureuatu (Ellicridge). Jpiocrinus Roi.jcinus
D'Orb. (Fig. 12$) is from the Middle Oölyte of Europe. &wco.oiiiapectinata
Ag. is a. Coinatuli(l, or free Crinoid, from the ()xfordiau group. Of Eeliinoids,
the genera Cidaris (Fig. 127()), Jlemiei(l(iriS, Pseu(io(itadena, and Ileiiwpedina
include the larger part of the species.
J-seudodiadema seriale (Fig. 1275) is
Iroin the Lower Lias.

Brachiopods of the spire-bearing genera had their last species in the
Jurassic period.
These excepted, the Jurassic Brachiopods were mostly of
1279-1285.
1280

1279

1282

1283

1285
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1281

1284

BRACHIOPODS. -Figs. 1279, 1280, Cadomoila Moorel (x ) ; 12S1, same, nat. size; 1282, SpirIIrIna Wuicotti, Lisa;
1283, Terebratula digona, Great Oölyte; 1284, T. diphya, Ttthonian; 128, Rhynchonella Inconatana, Kimmeridgo.
the

Terehratuia,

Rliyncfwnelia, Thecidium, Lingula, and Discina families,
which have also living species.
Lcsmeliibranchs were of several new genera.
Gryphaa (Figs. 1287, 1290),
of the Oyster family, having an incurved beak, commenced in the Lias and
1280.
1287.

LA.1ELLruRAoIIs. - Fig. 1286, Urns gigantea (x ), Lisa; 1287, Gryphna incurva (xI), Lisa.
continued into the Cretaceous.
Fig. 1287, G. ineurva, is from the Lias, and
1290, G. dilatata, is from the Oxfordiaii beds.
Exoyyra (Fig. 1289), also of
the Oyster family, is another characteristic genus, but more so of the Cre-

780
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taceous; the beak is twisted to one side, as is implied in the name.
to the somewhat triangular form, has over
(Fig. 1291), the name alluding
100 Jurassic species. Another peculiar type common in the Middle Oolyte
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1288-1293.

LjEELL1BwcIIs. -Fig. 1288, Ostrea Marshli, Lower Oölyto; 1289, Exogvra -irgu1a, Kimmeridgian; 1290,
rminima, Coralliaii; 1293,
Grypha dilatata, Callovian; 1291, Trlgonia cavellat
Diceras arietinuin, Diceratlan.
in the northern Alps is that of Diceras (Fig. 1293), a species in which the
beak of each valve is curved spirally; it is related to the modern Chain. Of
existing genera having many Jurassic species there
1294.
are Ostrea, P?c(en, Lima (Fig. 1286). Astaiie (Fig.
1292), Lu.cina, ciorbula, Nucula, Pholudoiiuiu, and
many others.

The number
Gastropods were very numerous.
of species found in British Jurassic rocks alone
is nearly 1000; and of these over 10 per cent
were of the old genus PiePi otmnark(, the number

Ib
GASTROPOD. Fig. 1294, NerI
flea Good.haIlii, Corallian.

It was
being larger than for all preceding time.
the culminating time for the type; only two living
species are known. Other genera of many species
dating from the Paleozoic, and also modern, are
Trochus,

Turbo, Pate/la, .Natica,

winch

comprise
cent
if
the
British
,Jurassic
Uast.ropo(lS
per
and among the many of Mesozoic origin, Cerithiunt has 10 i' cent of all the
25
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species, and Chemnitzia 20 per cent (Etheridge. The genus Nerinea, having
one or more ridges in the spiral cavity (Fig. 1294) is confined to the Oolyte,
and the Cretaceous period.

Cephalopods of' the Ainmonite type have an enormous expansion in the
period ; 20, or three-hftlis of the British species, occur in the Lias. Figs.
1296, a are from the Lower Lias ; 1295 and 1297 from the Middle Lias;
1295-1297.
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CEPHALOPODS (Ammonites) ofthe Lias. -Fig. 1295, Plenroceras spthatum; 1296, a, Coronicerns Buddandi; 1297,
iEgoccras capricornus.
1298, from the Inferior Oolyte; 1299, froni the Middle Oölyte.
figures have the aperture unbroken; and in 1299 it is much
either side.

The last two
prolonged on

1298-1299.

CEPIIAL0P0DS of the Oölyto. - Fig. 1298, Stophanocoras HuxnphrIesinnim; 1299, Cosmoceras Jason.
Besides the Cephalopods with external chambered shells (Tetrabranchs),
the Beleinnites (Dibranchs) (page 424) were of many species.
Figs. 1302,
two
in
their
1303, represent the bones or osselets of
species,
ordinary
unbroken
one,
in
two
different
broken state; and Figs. 1300, 1301, an
positions.
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Fig. 1305 represents the animal of an allied genus, called Be7emnotet his.
The ink-bags of Belemnites are sometimes found fossil (Fig. 1304), and
1800-1304.
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1300

1802
lk:

1302 a

s:II3

cuALoPoDs. - Fig. 1800, Complete osselet of a Belemnite, side view, reduced; 1801, dorsal view; 1302, a,
Belenniltes paxillosus, Middle LIas; 1803, B. cIavatus; 1304, Ink-bag.
Buckland states that he had drawings of the remains of extinct species made
with their own ink.
1Or).

Fig. 1805, Belemnotouthls antlqua (x ), of the oxford tiny.

I"roin Mantoil.

Crustaceans include,(] forms of modern aspect, anti among them species of
the highest of the divisions of Ur:il , t.hic' Triaiigula i Crabs - Pala'inacliiis

MESOZOIC MR-TRIASSIC AND JURASSIC.

783

of '\Voodward.

Fig. 1307 is one of the Macrurans from Solenhofen, and
1308, an Isopod related to the modern Oniscus, from the Purbeck beds of
A species of
or Lobster, is reported from the Lias.
England.
Fig. 1310, though Spider-like, is a tonwpod Crustacean.
1.1.106-1310.
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k_ -AA11110S

C
AaiicuIrEs. -Fig. 1806, Libdllula; 1807, Eryon aretiformis; 1808, Arcbaoniscns Brodiel; 1809, elytron or
wing-case of Buprestls; 1310, Palplpes priscus.
Insects of all the prominent tribes, even those of T)ipters and Hymenopters,
occur as early as the Lias; and the Hymenopters belong to one of the higher
divisions, that of the Ants. A Lias species of Ant is the Palaomyrmex

prodromns of iTeer, from Switzerland. Two other related species were
described by Woodward from the Purbeck of England.
Fig. 1306 represents
a Dragon-fly, and 1319 a Beetle's wing-case (a Baprestis), both from Solen
hofen; and another Dragon-fly, Libellula Brodiel, is from the Upper Lias of
England.

VERTEBRATES.-The Jurassic Vertebrates included Birds, as well as
Fishes, Reptiles, and Ma in inais.

1. Fishes. - The Fishes were Ganoicis and Selachians. Two genera are
illustrated in Figs. 1311, 1312.
P!/cnodus had many species, and also, among
Selachians, J-I1lbodus, Acrodus, Stropiwdus; and among Ganoids, Lepidotus,
and others. The Ganoids most nearly related to the Teleosts are those of
the Amia family, of Pike-like form, species of which occur at Solenhofen.
The Arnioicls have been referred to the Teleosts, but are now regarded as true
Ganoids.
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2. Reptiles. - Sea-Saurians. -The. skeleton, in restored form, of Ickth?/o
saurus communis is represented, Th the natural size, in Fig. 1313; the head,
1311-1312.
a

-021kc, %a-

>r!Ii
G1oIDe.-Fig. 1811, Dapedlus, restored (x

LIas; 1811 a, scales of same; 1812, Aspldorbyncus (x ),
Suleuhofen.

reduced to
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in 1315.
from 1x8'

in 1314; one of the teeth, natural size, in 1316; and a vertebra
The Fish-like biconcave vertebra suggested the name of the group,
fish, and oapoc. lizard.
1313-1318.

Rzn.as. - Fig. 1818, Icbthyosaurus comwtinls (x
); 1314, bead, Id. (x ,); 1815 a, b, view and section of
vertebra, Id. (x ); 1816, tooth. Id. (x ); 1817, I'Ioslosaurue doitchodeirus (x u',,); 131$ a, b, view and
section of vertebra of same.
Of Iehthyosaurians, 25 species have been described from the British
rocks; and of these, 15 were found ill the Lias, and 7 in the
Upper Jurassic
(Etheridge).
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A restoration of a Plesiosaur, - a long-necked, somewhat Turtle-like, Sea
Saurian, - reduced to
the natural size, is given in Fig. 1317; and figures
of the vertebr - here also biconcave - in 1318 a, h. Fig. 1319 represents
another species. Plesiosaurus ii cocep/icilus Owen, as it lay in the rocks. The
figures illustrate the long Snake-like neck of the species, the short body, and
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1319.

.

f

;p.
e2
U
C"
-'c?
(P
C(te 1'O
REPTILE. - Fig. 1519, Plesiosaurus macrocephalus (x

).

Buckland.

the character of the paddles.
Pliosaurus is another genus.
Out of 47 British
species of Plesiesuur,ds, 22 occur in the Lias, all but one pertaining to the
genus Plesiosaurus. The group continues into the Upper Jurassic, which

has afforded, in Great Britain, 12 species of Plesiosaurus, six of Pliosa urns,
and one of Dinotosaurus (Etheridge).
The Coprolites (fossil excrements) of the Sam'ians are not uncommon;.
one is represented in Fig. 1322. They are sometimes silicified, and, notwith
standing their origin, are beautiful objects when sliced and polished.
Dinosaurs. - The earliest discovered of the Cariiivorotts Dinosaurs was
the Alf('galvsaurus Bucklandi (1S24). The length of the skull was perhaps
two feet, and that of the body probably 30 or 40 feet. It appeared in the
Lower Lins and continued through to the Upper - a length of survival for

such a species that is most extraordinary, and indicates high supremacy
am( ng its eotemporaries -if the apparent short life limit of other species is
DAN'S MANUAL-5O
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The fore limbs were much
not merely poor luck as to becoming fossilized.
the shorter pair, as in other species of the group.
In contrast with the Megalosaurs there was the strongly Bird-like
(Jompsognathus, from Solenhofeii, C. ion gipes of Wagner, one of the smaller
Dinosaurs, the length lot over two feet. The feet were all three-toed; the
fore limbs very short, the hinder long, with the femur shorter than the
tibia; the neck long and slender; the head small, but well armed with teeth,
characters indicating, as Huxley states, a strong resemblance to the Bird not
only in general form, but probably also in an erect or nearly erect posture in.
walking. It is perhaps related to Hallopus Marsh, of the North American
Jurassic.

1320.

Mystilosaurus Tiodemanul.
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Among Herbivorous Dinosaurs, of the Sanropoci. division, the largest
European species known was the Getiosaurus of Owen (1841), related to the
American iforosaurus.
0. Oxonieiisis was 40 or 50 feet longs "not less than

The femur
10 feet in height when standing, and of a bulk in proportion."
is 64 inches long. Cetiosaurian remains occur in the Lower and Upper
Oolyte, and five species have been described.
1 2 1.

1822.

P'rzioa&m. -Fig. 1821, Pterodaetvlus crassirostris (x ) ; 122. Coproilte.
Bwklatid.

Fig. 1821, from D'Orblgny; 1322,

Another genus of gigantic Herbivorous Dinosaurs is the .lquanodon of
Mantehl, which first appears in the Middle Oilyte; it was of the Ornithopod
gtcnp.
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The Oinosaurus arlnutlLs of Owen (1875) was S1egoaurian, and perhaps,
as Marsh suggests, a species of the genus Stegosaarus; and he observes that
the Sceliclosaurus of Owen is an allied form.
Crocodilians, Lacertians, Clielonians. - The Crocodilians were represented
by Teleosaurs, species having the size and slender head of the Gavial of the
Ganges, but with biconcave vertebr.

Two species occur in. the Upper

-I
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1';'
323

1324
r

PnosAu1. -Pig. 1828, Rhamphorhynobus phyllurus (x j); 1324, caudal oar (x ); 182, restoration (x+). All
from Marsh.
Fossil
Lias of England, and five others in the Lower and Upper Oölyte.
eggs from Cirencester are suspected to be Teleosaurian (Buckman). The
Mystriosctur (Fig. 1320) is a related species from the Lias of Europe.
A species of Lizard, referred to the genus Lace rtci, occurs in the Lower

Tortoises (Chelonians) are found in the Oolyte; and a
Oölyte of England.
terrestrial species, Testado Stricklandi Phillips, in the Stonesfield slate.
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Pterosaurs. -The Pterosaurs, or living Lizards, have hollow bones like
Birds. The genera Dimorplrndon, charaetenzetl by a long tail, and Pterodath,lus, by a very short one (Fig. 1321), oecur in the Lias, anti Rhcnnin the Stonesfielti slate and at Solenhofen.
phorhynch.us (Figs. 1323-1325)
size) of Pterothict!/!us Cras.'i
Fig. 1321 represents the skeleton (- natural
rosfris; it was a foot long, and the spread of the wings about three f"et.
of Marsh, from Soleuhofen, Deli.
Fig. 1323 is the Rhamphorynchus phyiiurus
stadt, Bavaria, and 13
a
1326.
restoration ; its long slen
der

-

ends

in a

broad
The line

oar (Fig. 1324).
specimen in the Yale Mu.

".
.

tail

..'

.

Ti

i.

setliii, -New Havvii, Conn.,
has an inl})resSluu of the
N-in(,
N
membrane, showing it
to be without feathers.
3 Birds - Specimens
of birds have been found iu

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

'

the lithographic limestone
of Soleuliofen, with nearly

complete impressions of the
feathers and also well-pre
seied bones of the limbs.

--.'
lt,

.s.
- -. Jf/9
I

heads, and most. other parts
of the skeleton. They rer
tani to a single species,
IuhT(
the AIc1(voptr?/x
of Owen.
was
This
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Mesozoic
(5) the vertebre biconcave, as in Fishes and many
the
Reptiles; (6) a small pelvis with the bones separate, and no elongation of
As at the present time the breed of fowls having feathered legs is
pubes.
produced by breeding from fowls having the legs scale-covered, thus sub
this
stituting feathers for scales, the succession of Birds to Reptiles as regards
particular point is not so strange as, at first thought, it might seem to be.
4. Mammals. - Jurassic Mammals have been found in the Stonesfield
slate, Lower O1yte, and in the Middle Purbeck beds. As in America, the
at the
species are probably Marsupials, and Monotremes. Among the species
former locality are Ainphiiestes Broderipi (Fig. 1327) and Phascolotheriuim
motion;

1327-1328.
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-Fig. 13271, Amphilestes Broderipi (x2); 1328, Phascolotherium Bucklandi (x2).Pictet.
Bucklandi (Fig. 1328). The genera Plagiaulax, Microlestes, and Tritylodom
are supposed to be Monotreme.
The following figures of jaw bones of the British species, of natural
size, showing the dentition, derived chiefly from Owen's papers, are copied
from Osborn's review of the Mesozoic Mammalia.
1329-1345.
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1382, Triconodon mordax; 1333, Paramua;
Fig. 1329, Amphilestes; 1330, Amphitylns; 1331, Phascolothethlm; 1887,
13,136,
Peralestes;
Leptocladus; 1388, Amblotherlum;
1385,
Peraspalax;
1334, Spalacotherlum;
1339, Phnscolestes; 18411, AehvruIon 1841, StIo&lon; 1342, Athrodon; 1343, Bolodon; 1844, Plaglaulax
minor; 1345, Stereognatlius. All natural size.
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Characteristic Species.
1. Lias.

1. LOWER SINEMURTAN. - Ammonites (Egoceras) planorbis, A. (Coroniceras) Buck,
tandi, Ost,'ea Liassica, Grypho'a arcuata, Lima gigantea, Hippopodiurn ponderosurn, Spiri_
ferina iVaicotti, Isastra'a ilturchisoni, Pentacrinus (Ext racrinus) Biareus, Ichthyosaurus,
Plesiosaurus. The "White Lias" or Hettangian, beneath the Sinetnurian, or at the top of
the Rhtic, contains Ammonites pianorbis, A. Burgundue, Cardinia Listen, C. concinna,
Fecten Valoniensis.
2. MIDDLE LIAsSIAN. -Ammonites (Arnaith ens) spinatus, A. (A.) ibex, A. (goceras)
.Jamesoni, Belemnites paxiliosus, B. clavatus, Gryphcra obliqua, Avicula inquivalvis,
Inocerarnus substriatus, Plicatula spinosa, Fentacninns sn ban gulanis.

3. UPPER T0ARcIAN.-Ammonites (Harpoceras) serpentinus, A. (Ilarpoceras) bifrons,
A. (Ll,eoceras) Jurensis, A. (Harpoceras) radians, i'Tantilns Jureusis, Belemnites vulgaris,
Leda ovum, Fosidonomya Bronn 1, Buy nchonella pig inaa, Ca domelia, Spiriferina, Pseudo
diaderna Moo rei, Extracrinus Bniareus, Ichthyosaurs, Plesiosaurs, Teleosa urus Chap
manni (at Whitby).
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2. Oölyte.
1. LOWER OöLYTE. - (1) Bajocian. The subdivisions recognized in England are
those of Ammonites (Harpoceras) Murchisona, Lower; of Seephanoceras Ilumphriesianurn,
and C'osmoceras Parkinson(, Upper. In Europe: (a) Aale,zian, with Amm. (Harpoceras)
Jfurchison, Rhynchonelia subangulata, Terebratula perovaiis, T. firnbria, Pecten tens,
.Pholadornya fidicula. (b) Bajocian, with Ann. (Stephanoceras) Humphriesianus, A.
(Cosmoceras) Parkinsoni, Astarte obliqua, Trigonia costata, Grypho.'a sublobata (Grypha
beds), Ostrea Marsh ii, Rhynchonella spiwsa, Terebratula perovalis.
(2) Bathonian. (a) Vesulian or Fuller's Earth, with Anon. discus (and up to Cornbrash), A. Herveyi (and up to Forest Marble), A. ferrugineus, Anahacia hem isphct'rica,
Pecten vagans, Ostrea acuniinata, Bhynchonella varians. (b) Bradfordian, or Great (or
Bath) Oölyte, with .Ainin. macrocephaius, A. asidio ides, Ostrea Marsh ii, Pecten lens,
Bhynchonella decorata, 1?. concinna, Megalosaurus, Cetiosaurus, Pterodactylus, Wald
heimia diqona, Steneosaurus; and in the Stonesfield slate, at the base, with many plants,
Oserea Sowerbyi, .Rhynchonella obsoleta, Gervillia acuta, Ich thyosanrus, Plesiosaurus,
Teliosaurus, Rhanzphorhynchus, Testudo Stuicklandi, Chelys Blaket, Mammals. In Russia
the Oxford Oölyte is overlaid by beds called the Volgian.
2. MIDDLE OöLYTE. - (1) Oxfordian. (a) Catlovian or Kellaways Rock, with
Amm. Gowerianus, A. rnacrocephalus, Belemnites Oweni, B. hastcitus, Gryphaa bilobata,
0. dilatata, Tnigonia paucicosta, Terebratula digona. (b) O.rfordian or Oxford Clay,
with Amrn. Lamberti (up to Kimmeridgian), A. Mariw, Trigonia clavellata, Fecten
vagans, Avicula inaquivalvis, Rliynchonefla socialis.
(2) C'oraliian. (a) Argovian, Sponge-bearing beds, Scyphian.Kalk, and those of
Amm. canaliculatus. (b) Corallian, divided into Rauracian
(lyptician, with Glyptkus
hieroglyphicus, ilmm. birnammatus, Thecosinilia ann ulata. (e) Isaslrra explanata and
.Diceratian, with Diceras arietinurn, Neninea Defrancii. The Coral Rag and Corallian
Oölyte of the Corallian contain Amm. pikatilis, Thamna.stra'a (/r'garia, T. coneinna,
Cidaris florigemma, Hemicklaris intermedia, Pseudodiad'nm hem isphtt'riCUifl, ..4rieula
ovalis, Lima rudis, Perna myliloides; and the underlying Lower limestones, .Amm.
cordatu8, Avicula ovaii8, A. expansa, Pecten fib rosus.
3. UPPER OöLYTE. - (1) Kimmenidgiun. (a) Sequa nian or Astartian, with Astarte
'minima, A. supracorailina, A. gregania, Ostrea deltoidea, Rhynchonella corallina, Amm.
lnutabUi8, A. decipiens, A. tefluilOb(1t us, Pseudodiadema h en spha'rieu m, Cidaris
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florigemma, C. Blumenbachil, Apioerinus Meriani. (h) Pterocerian, with Amm. acanthi
ens, P(erocera ocean!, P. pond!, Nerinea tipressa, JJ'aldheimia hnmeraUs. (c) Virgnlian,
with Gryphaia rirgula, Trigonia qiblosa, Tcrbratn!a diphya, Pholadomya nuilticostata,
Jhracia depressa. (d) Bolonian, with Amm. ylgas, A. suprajurensis, A. biplex, Trigonia
Inc urea, Cyprin a Brongn fart!.
(2) PortlandIan or Tithonian. (a) Portlandian or Nerinean, Arnrn. gigas, Trigonia
(/ibbosa, Grypluua virula, Ostrea solitaria, Luelna Portlandica, .Nerinea triiwdosa,
1'terocera ocean.
(b) Pnrbee/eian, with (Jorbula inflexa, C. Forbesiana, Cardiurn
Purbeekense, Terebratula diphyoldes, Beinicidaris Purbeckensis, Astrwa distorta, Insects,
.Llfainnzals.
The Tithonian group in the eastern Alps includes a coral limestone near Salzkammergut, and the Diphya limestone abounding !1 Terebratula diphya ; also Aptychus beds
and some of the limestones contain many Ammonites, Phylloceras ptychoicuni, and others.
The Jurassic beds of Catch, in India, contain, in the Lower Oölyte, Astarte corn
pressiz, Corbula pectinata, Rh?/nclwndlla concinna ; in the Middle Oolyte, Arnrn. (Stepha
noecras) niacrocephalus, A. (Peltoeeras) athieta, Terebratula biplicata, T. sella, and
many other Ammonites, many Belemnites, etc. ; in the Upper Oölyte, Amrn. (Phylloceras)
ptychoicus, and many other species. Also many species of plants, as Sphenopteris arguta,
Aleth opteris 1 F/i itbensis, Oto.arnites conilgu us. The Portlandian beds afford Trigonia
Smeel and T. ventrkosa, the latter also a South African species; also jaw of a Plesiosaur.
The Upper Jurassic of the Zanskar area in the central Himalayas has afforded
Bele inn ites cia vat us, Ammonites rnaeroeeph.alus, A. Parkinsoni, A. bipiex, Trigonia
costata, and other species. The Hundes area in the Tibetan Himalayas also has many
Jurassic species. (Cf. Medlicott and Blandford, Geology of India, vols. i. and ii., 1879,
and second edition by Oldham, 1894.)
In western Australia, 20 species of Liassic and Oölytic fossils are identical with
British species: 3 of the Ammonite group, Nautilus seinistriatus and Gressiya donaeiforniis of the Upper Lias; Myacites Liassinus of the Middle Lias; and 2 of the Ammonite
group, with Belem nites can.aiiculatiis, Cue ulkva oblonga, Fhoiadornya oi'ulnm, Avicula
.2lflnsteri, A. eeliinata, Peeten cinetus, P. eaii'us, Lima proboseidea, L. punctata, Ostrea
Marsh!!, Rhynchonella variabilis, Cristellaria eultrata, of the Oölyte (C. Moore).
CONTINENTAL RESEMBLANCES AND CONTRASTS IN THE TRIASSIC AND JURAS
SIC PERIODS; CLIMATE.
The Triassic formation is alike over a large part of Europe and America in
kinds of rocks, in paucity of fossils, and in evidences of shallow-water origin,
and of largely brackish water, if not fresh. The continental surface in each
case was very near or above the water level over large areas; and it
oscillated between brackish or fresh-water flats and barren or half-barren

salt-water flats or sea-border salt-pans. The European exception is in the
Mediterranean region. Not only is this general fact true for the two conti
nents mentioned, but also for India, South Africa, and Australia, or the
continental regions in the apposite hemisphere. This so general prevalence
over large parts of the continents of slight submergence, too slight for abun
dant remains of marine life, -although this life must undoubtedly have
been as profuse in kinds as in any earlier or later era, - indicates general
and synchronous movements in the earth's surface, and correlate progress
The Jurassic period was, in contrast, a period of
in continental growth.
somewhat deeper and clearer seas, sustaining at many levels abundant life,
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but still with wide differences between the continents as to the extent of
such seas.
It is an interesting fact, bearing on the conditions under which the
Liassic beds were made, and the facility with which the clear open waters of
a fossiliferous limestone horizon may change to the confined waters of a sea
border, that a bed of limonite or ferruginous limestone occurs in the Lower
Lias northwest of Lincolnshire, England, which is 27 feet thick, and in the
Upper Lias, near Bath, two feet thick; on the continent, in Lorraine, in the
Upper Lias, 10 to 50 feet thick, containing Ammonites, a Grypluea, Triqonia
navis, etc.; in Auxois, France, near the base of the Lower Lias overlying
bed. of "lumachelle" limestone; and, as stated by C. Moore, in westerm

Australia, in the Middle Lias, a very ferruginous limestone, which on analysis
Moore goes so far as to regard the
gave 49 to 56 per cent of metallic iron.
ferruginous bed of Australia as proof of Liassic age; the associated fossils
are much better evidence.

But with all the resemblance in physical conditions between Europe and
America, there was a remarkable contrast in the abundance of marine life in
This contrast was especially great in the Jurassic
The number of species of Jurassic Invertebrates thus far described
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the continental seas.

period.
from the American rocks is less than 250; very few of these are Corals,
17 are Cephalopods, 5 Echinoderms, 17 Gastropods, 113 Lamellibranchs
In the Jurassic of Great Britain alone the number of known
(Whitfield)

marine species, as stated by Etheridge (Geol., 1885), is over 3900; those of
Corals 236, Echinoderms 208, Ammonites 417, Belemnites 112, Gastropods
988, and Larnellibranchs 1319.
More study may quadruple the number of
American species; but this will little diminish the contrast.

As indications of the climate of the Triassic and Jurassic periods, there
are these pertinent facts from the Arctic regions: tint the species Ueratites
Maim qreni, Ammonites Gcn,tan 1, Nautilus Xordenskiöldi, Ilalobia. Lcnu meli,

H. Zitteli were living in the Spitzbergen seas during the Triassic, period;
and Ammonites (Harpoceras) .11' Clintocki, _iIonotis septentrionalis, and species
of Pleurotoinaria and Yicula, about Bathurst Island, Exmouth Island, and
Prince Patrick Island, probably during the Jurassic period, - species that. have
closer relations to European than to American species (Haughton, Waagen);
that Ichthyosaurs were living in Triassic or Jurassic time about Exmouth
Island (77° 16' N., 96° WT.), their remains having been found on this island
by the Beicher Expedition; and that other Ichthyosaurs existed in the Spitz
bergen seas, probably during the Triassic period, remains of two having been
found by Nordenskiöld, which have been naind, by Hulke, Icht1iyoscuiu8
Nordenskiöldi and I. Polaris; that another Saurian - "probably a Dinosaur,
allied to the Anchisaurida3," inhabited the region about Bathurst Island,
Captain Sherard Osborn having brought home a vertebra, which has been

made a basis of a species named by A. L. Adams Arctosaurus Osborni.
The continent of North America, as already explained (page 47), is
It has the Gulf Stream warm with tropical
peculiar in climatal situation.
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heat, flowing northward and eastward near its eastern border, but not much
for the warming of North American waters north of Cape Hatteras; its
heat is carried on for distribution over northern and western Europe and the
Arctic seas.
Heading off the Gulf Stream from the American coast north of
Hatteras, there flows from the north a current of Arctic waters, that makes its
escape from the polar basin by the only large passage way out -the way
leading into the Atlantic; and these cold waters are like a cold wall along
the eastern side of the continent. The American coast has a means of pro
tection against the polar current, through an elevation of the border sufficient
to make Newfoundland a peninsula by closing the Strait of Belle Isle.
Moreover, if the elevation were only 500 feet, the eastern cape, around which
the cold current would be forced to flow, would be set 250 miles east of its
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present position.
On the Pacific side a cold northwestern current follows the coast of North
America from Alaska southward, as part of the normal oceanic circulation.
Thus at the present time North America has relatively cold waters along
both its eastern and western shores. Hence there is reason enough for the
paucity of its existing marine faunas. In Paleozoic time this contrast with
Europe did not exist, or only to a small degree; for the Paleozoic species even
exceed in numbers those of Europe. The Arctic basin was probably open
widely in all directions. But in the early Mesozoic it must have become the
closed basin which it now is, with its only free outlet into the Atlantic; and

in this way the continent of North America was thus early put between
northern cold Atlantic and cold Pacific currents.
The actual difference of temperature between the waters of the North
American and European sides of the Atlantic in the Triassic and Jurassic
periods is uncertain, because no marine fossils of these periods have been

found on the American side. On the European side the presence of warm
seas is proved by the profusion of marine species and by their kinds. The
coral reefs of the Oölyte in England consist of corals of the same group with
the reef-making species of the existing tropics. This favors the conclusion
that the British waters, and nearly all the European, were within the coral

reef temperature limit; that is, the line along which 68° F. is the mean tem
perature of the year. The Oölytic isocryme of 68° F. (see map, page 4T),
accordingly, would have had nearly the position of the line of 44° F. in exist
ing seas, but with a little less northing and more leaning to the eastward.
The Gulf Stream was the probable cause of this long northward extension
of warm waters in Jurassic time.
Further, in Europe, according to Neumayr, differences in the climate of
the later Jurassic are indicated by the distribution of fossil Invertebrates.
The Mediterranean Province, or that of southern Europe, including the
regions of the Alps and Carpathians, Italy, Spain, and the Balkan peninsula,
is characterized by Ammonites of the genera Phyiloceras, Lytoceras, and

The Middle European
Siiiwceras, with the Brachiopod Terebrat ula (liphya.
Province, comprising the region of the Juras, France, Germany, England,
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and the vicinity of the Baltic, has few species of Phylioceras and Lytoceras,
and very many of Harpoceras, Oppelia, Peltoceras and Asp idoceras, and coral
The north Russian or Boreal province has in its
reefs have great extent.
Jurassic rocks no species of Lytoceras, Phylloeeras, and Hapioceras, and no
coral reefs, while those of C'ardioceras and Aucella are widely distributed.
On the other hand, the flora of the earliest part of the following Cretaceous
period in Greenland included an abundance of Gycads.
Although the cold of the Atlantic and Pacific barriers of North America
was manifestly of little severity, it was enough for wide results in the
geographical distribution of species.

The Mexican Gulf was a source of warm waters for southern and interior
North America, while at the same time the Arctic seas may have sent down
polar currents over its northwestern interior during the Triassic period.
The effects of the cold northwesterly currents of the Pacific border are
plainly seen in the many species peculiar to that coast, and prominently in
the Aucell, which are related to the Siberian species.

BIOLOGICAL CHANGES AND PROGRESS.
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Some of the Successional Lines.
It is noteworthy that the new types of the Jura-Trias did not appear at
They were rather evolvings
equable intervals successively along the era.
in its commencing part, the Triassic, the opening period of Mesozoic time.
The Triassic period is thus, after the Cambrian, which opened the Paleozoic,

the most eventful in the earth's biological history; that is, the most pro
ductive of great branchings in the higher departments of the Animal
Kingdom - the type of Mammals, that probably of Birds, and those of each
of the grand divisions of Reptiles excepting such as had already appeared in
the Permian.
This is true also of the modern, or nearly modern, style of
Orthopters, Neuropters, and Coleopters among Insects, as illustrated by
Scudder; and the Lias completed the display of the system of Insects by the
introduction of the Dipters or Flies, and of Hymenopters as represented by
Ants and other families. It is to be admitted, however, that part of the
developments indicated by the relics in Triassic beds may date from the
Permian. The physical change of a purified atmosphere prepared the way
for terrestrial life; and the preparation was essentially complete before the
close of the Permian.

This crowding together of the origins of so many types in connection
with the barrenness of most Triassic regions makes it doubtful whether facts
illustrating the precursor lines will ever be fully made out.

As regards the precursors of Mammals, their closer relation to Amphib
ians than to Reptiles is proved, as Huxley first pointed out, by the fact that
Amphibians and Mammals have two occipital eondyles, and Reptiles and
Birds but one; and hence their derivation was almost certainly from some
Amphibian type, and not from a Reptilian.

The Monotremes (of which but
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three species exist, one of Ornithorhynchus and two of Echidna) are the
lowest of Mammals, and have many Amphibian and Reptilian characters in
their skeleton, besides that striking one of bearing eggs, like Reptiles and
Birds.
They are called Prototheria in some zoological systems; and this
they undoubtedly are in type, though the Duck-like bill and webbed foot of
the Orniihorhynchus are unquestionably degenerate characteristics; for the
earliest species had almost certainly a full set of teeth.
first in origin, however, is far from proved.

That they were

Among Reptiles, the Permian type represented by the genus Pakohatteria, with the associated Rhynchocephalia, as explained on page 701, is the
most generalized or comprehensive of the class.
Besides its Amphibian rela
tions on one side and its Reptilian on the other, it has, as Baur explains,
characteristics also of Birds and Mammals. This author regards the type
as the precursor type of the class
It is like Mammals, he states, and
chocephs, in having the foramen
inner side of the epicondyle; in

of Reptiles and, also of the class of Birds.
unlike all other Reptiles, except the Rhyn
of the distal end of the humerus on the
other Reptiles it is on the outer side or is
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absent; and. it is absent from all Amphibians and Birds. It is probable,
therefore, that, nearly as Baur concludes, the line from the Amphibians
which gave off a Rhynchocephalian branch, later gave off a Mammalian.

The relation of Birds to the Dinosaurs in pelvis and hind limbs, especially
to the Carnivorous kinds, was pointed out by Huxley ; and it is supposed
that the two types may have originated from a common type in either the
Triassic or Permian period. The Jurassic bird, Archeopteryx, which is so
remarkably Reptilian, has the long limbs, and but little else, of a Dinosaur;
and this feature in the hind limbs of both is partly a consequence of an
Bird-like,
elongation of the metatarsals. The cranium and the sternum are
but not so the fore limbs, pelvis, and some other parts. The Berlin specimen
was first described as a Reptile by Carl Vogt. The relations of Birds to
Dinosaurs in the structure of the skeleton are largely a consequence of the
demands made by the animal on its hind limbs; and the unlike demands on
the fore limbs are the source of divergences.
General Changes Attending Biological Progress.
1. Reduction. in inultiplicate numbers. - The reduction in number of pos
terior vertebr when the Fish type passed to that of the Amphibian has been
noticed on page 726. Their absence from the upper lobe of the tail in most
Triassic Ganoids, rendering the Fish homocereal in place of heterocereal, is a
when the Tadpole
change in the same direction, like that which takes place
becomes a Frog, or the young of a Ganoid or other Fish loses a caudal lobe,
or some caudal vertebrEe, when becoming adult. The long vertebrated tail of
the Jurassic Bird was a related multiplicate feature, which disappeared early
in Cretaceous time, if not before it.
The reduction of the number of parts in the limbs of Fishes before the
close of the Paleozoic to the typical number of five for the digits in
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Amphibians, and to typical numbers and arrangement in the bones of the leg,
Once reached, these numbers remain the
has been stated on page 726.
normal or typical numbers for Reptiles, Birds, and Mammals. The typical

number of cervical vertebrae, seven, sometimes occurs in Reptiles; but varia
tion from this number is not in them a character of generic importance.
Under Mammals, the differentiation of the teeth in all typical species, into
incisors, canines, and molars, exists, commencing with Triassic Marsupials;
but the number of teeth continues to be multiplicate through the Jurassic,
the typical Mammalian number, 44, being usually exceeded, and sometimes
by 24. The number seven became the fixed or normal number of cervical
It is a character of all
vertebrae, first, among Vertebrates, in Mammals.
-a
existing Marsupials, and probably was of those of the early Mesozoic,
doubt remaining because no skeleton of an ancient species has yet been
found.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

Exceptions to normal numbers, after they were once attained, have pro
ceeded from specializations in the course of upward as well as downward
progress; but the larger part occur among degenerate forms, and in these, as
the examples mentioned show, the divergence is often very great.
2. Location of the function of locomotion. - As remarked on page 726, the
typical Amphibian, on becoming adult, passes from the stage of caudal or
The latter is
urosthenic locomotion, to locomotion by limbs, or podosthenic.
the typical condition in Reptiles, Birds, and Mammals. But groups under
each differ as to the pair of limbs which bears the chief part of the work.
The Triassic and Jurassic periods were distinguished eminently by
It was the era of very small
hind-limb location of force and locomotion.
brains, and of great development of the posterior extremities - the era of
Merosthenic Vertebrates, as the Devonian and Carboniferous eras were of

The prominent feature of all Dinosaurs is their
Moreover, as has been mentioned, many of the
Stegosaurs preeminently, have a provision for this

Urosthenic Vertebrates.
enormous hinder parts.

species, the gigantic
arrangement of the forces of the Reptile, as Marsh first brought out, in the
great nervous mass of the sacrum.
The Amphibians also were strongest in the hind limbs, as is indicated by

the remains of the Labyrinthodonts.
The wings of the Jurassic Bird of Soleii
hofen prove that they were poor flyers, and consequently that their legs or
hind limbs were their chief locomotive organs.
Moreover, in this merosthenic
era, the Mammals probably had the hind limbs much the stronger of the two
pairs, as is true of modern Marsupials.
The species of Reptiles that were distinctively stroni in (before limbs, or

prosthenic, are the Pterosaurs; and among these, the Pterodactyls, having
the head large, the posterior feet small, and the tail short, with the brain
and sternum Bird-like, appear to have taken the lead.
Seeley has placed
them in an independent group separate from Reptiles. The absence of scales
from the body, and the light bones, with air cavities and pneumatic foraiiiiiia,
It
still furthr ally them to Birds, and seliarate them iroiii other Reptiles.
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is probable, therefore, that this highly specialized type ranked above all other
Reptilian types of the Jurassic.
3. Decjeneratiou. -Progress in a type from toothed jaws to toothless must
be viewed as a decline, although there may be true progress in other respects.
Among the Rhynehocephalians -which, in the Permian genus Pal cohatteria,
have numerous formidable teeth - occur later species having a horn-covered

extremity of the jaws like the beak of a turtle. Again, the Dinosaurians
vary from many-toothed, tiger-mouthed species, to those with few teeth.
The Plesiosaurians are supposed to be degenerate land Reptiles, whose
limbs, even in the Triassic, had become paddles, with fingers multiplicate
in number of phalanges; and the Ichthyosaurs, species of some other
Reptilian type, carried downward to a still lower urostheni.c stage, in which
the pelvic girdle had become nearly obsolete, and the fingers sometimes
excessive in number, as well as multiplicate in segments. Turtles are other
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degenerate forms of the Triassic as well as of the Jurassic period.
Such facts make it manifest that through geological time progress in the
Vertebrate type, as in the Invertebrate, was downward as well as upward;
that degeneration, while it may make obsolete, may also return a species to

a low multiplicate condition, in which the multiplicate characteristic extends
to the number of vertebre, to the teeth, to the fingers, to the number of
finger bones, and to other parts of the structure. It is atavism under some
physiological law deeper than atavism, bringing back characters, not of the
earlier Reptiles, but of the earliest Vertebrates, the Fishes, yet not without

any loss of the fundamental characteristics of Reptiles.
Considering the very long time that Fishes were in the seas before the
rise in grade to the terrestrial type of the Amphibian, and the relatively
short time for the much greater rise from the Amphibian to the Reptile, Bird,
and Mammal, there is no reason to believe that any of the upward successional
lines passed through the water. Through the water, for terrestrial Verte
brates, as many examples show, was a quick way down in grade, not a
possible way up.
4. A fragment of the Triassic ?cord. - Australia is often spoken of as a
Triassic continent. As the world in Triassic time had only Marsupials
and Monotremes for its Manunals, so Australia has now, man's encroach
ments excluded, Marsupials and Monotremes for its only Mammals. The
existence there of a species of Bat, and of some Mice and Rats, is hardly ,In
exception to be considered. But although thus restricted in its modern
fauna, its Mammals are not of few kinds ; for, as Wallace states, "some are
carnivorous, some herbivorous; some. arboreal, others terrestrial; there are
insect eaters, fruit eaters, honey eaters, leaf or grass feeders; some resemble

wolves, others marmots, weasels, squirrels, flying squirrels, dormice, or
four species of Cestraciont Sharks, a
jerboas." Moreover, one of the last
tribe of Mesozoic and Paleozoic affinities, the Cestracion P/iilippi, or Port
Jackson Shark. lives in Australian seas; and one of the last three species of
time flipimoans. the C'()'ft.to(lUS. Carboniferous and Triassic in type. inhabits its
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interior waters.

Besides, the surface rocks of the continent are to a large
extent Permian, Triassic, or Jurassic.
Marsupials and Monotremes formerly
had a wide range over the globe.
A large Echidna, or Monotreme
Porcupine,
was among the species of England in the Middle Quaternary; and Marsupials,
among the Mammals of Europe and America in the Tertiary; but at the
present time the few of South and North America are all that exist out of
It cannot be affirmed that Triassic Australia was the source of
all the Marsupials of the world; but there is little doubt that its only Triassic
Mammals were Marsupials and Monotremes.
It has already been explained that New Guinea and New Zealand show
by their faunas that they were once parts of a great Australasian continent,
Australia.

New Guinea having its Marsupials, and New Zealand the only surviving
species of the Permian and Triassic tribe of Rhynchocephalians, in a species
The possible extension of the continent southward,
of the genus H((ericc.
and its union for a time with an Antarctic continent, are considered on page
737.

DISTURBANCES AND UPTURNINGS DURING, OR AT THE CLOSE OF, THE TRIASSIC
AND JURASSIC PERIODS.
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Triassic of the .Athuitic border.
The Triassic areas of the Atlantic border bear evidence of a general
upturning, in which the beds were, with small exceptions, raised not into
flexures, but into monoclines. The effects of the movements have been
Additional
briefly stated on page 357, under the subject of mountain-making.
and
illustrations,
facts
respecting the disturbed areas, and the orographic
results and methods, are here presented.

The close parallelism between the Triassic areas and the Appalachian
chain is one of the great facts to be here noted.
It is well seen on the map.
The general parallel
page 412, and for Pennsylvania on that of page 730.
ism between the strike of the upturned beds and the same course -that is,
the trend of the areas - is another important fact. The two are satisfactory
evidence that the agency concerned over the Atlantic border was the same
for Jurassic time, as for the epoch when the Appalachians were made; and,
it may be added, for all epochs of Eastern Border mountain-making.
In the Connecticut valley area there was an eastward dip also in the
fracture planes, and a westward upthrust along these planes; and this also

was a feature of the Appalachian upturning.
These facts imply the action
of lateral pressure from the eastward, or the direction of the ocean.
In the Palisade area passing from New York through New Jersey and
Pennsylvania into Virginia, and in the i':estern areas of Virginia and North
Carolina, the results of the upturning are in general the reverse of those in

the Connecticut valley and in eastern North Carolina. The beds of sandstone
and the great fracture-planes, for the most part, (lip westward or

and the upthrust along the fracture-planes was southeastward.
northwest-ward,
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In Connecticut, the sandstone beds almost invariably dip eastward.
In Virginia, in the Richmond area, which is one of the easternmost, the beds
have a synclinal structure, the rocks on the east side dipping northwestward,

and those on the west side, southeastward (Fontaine).
In the eastern Deep
River area of North Carolina the clip averages 200 southeastward, but varies
from 10° to 35° (Fontaine).
Notwithstanding the diversity between the orographic features of the
more western and the eastern belts, the intimate relation to the Appalachian
system as regards method of upturning of the former as well as of the latter
cannot be questioned.
The opposition of direction in dip is connected with
opposition in all other structural features in the two ranges of belts, and
eminently so in the topography.
The opposition in dip between the Connecticut valley and the Palisade
area has been explained by supposing that the sandstone was made in waters
that spread over the intervening region, and that an actual anticline was
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But only marine waters could have covered the wide
produced by an uplift.
region after great subsidences; aiid to this idea, all the facts as to the fresh
water origin of the beds by fluvial, lacustrine, or estuary agency are opposed.
Moreover, the Connecticut valley area is wholly in latitudes more northern
than the Palisade.
This reversed condition, so marked in the results over the two areas,
simply implies reverse action in the forces concerned. In the Palisade region,
accordingly, the lateral pressure was from the westward; thus came the

reversed clip and reversed fault-planes and faulting. On this view of the
action along the two belts,- that is, the lateral thrust from the eastward for
the eastern, and from the westward for the western,-the pressure was such as
would tend to make, or actually did make, a geanticline between two extended

lines, an eastern and a western.
But upturnings of beds took place only
where there had been geosynclines of deposition, that is, in the Triassic areas.
The effective upturning force acted alike from opposite directions, the
eastern, or oceanward, and the western, or lanciward ; while in the Appalach

ians its action was from the eastward chiefly; but, still, like the Appalachian
Range as a whole, each of the several areas is inequilateral in orogenic struc
ture.
The Connecticut valley area tapers out, both as to width and depth of
deposits, at New Haven Bay on the Sound. There is no trace of the trough
over Long Island.
It is possible that in the direction of this eastern Triassic
line a sandstone area existed over the shallow-water border of the Atlantic,

south of Long Island and east of New Jersey; but no proof of this has been
observed. In the Richmond area of eastern Virginia, however, and in the
Deep River area of North Carolina, as the (lip of the beds of each proves, the
true continuation is found, for these areas have the same position relatively
to the western areas of those states, as the Connecticut valley area has to
the Palisade area.
The map on page 412 illustrates the fact, not only
mark
that these areas
out the position of the eastern side of the series of
Triassic belts, but also that it is parallel to its axial line.
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In the progress of the upturning the sandstone was variously fractured
and faulted; and the masses into which it was thus divided were in part

forced over one another, and up whatever surfaces lay beyond, and thus the
iuonoclinal structure was produced.
The abraded surfaces of the beds,
extensively exhibited in some regions, indicate that there was a vast amount
The sandstone should
of intestinal movement as well as ordinary faulting.
therefore have acquired its greatest thickness, from piling on itself, on the

side of the area in the direction of the movement; that is, on the west side
in the Connecticut valley, and. on the east, in the Palisade belt.
Moreover,
the confining slope of the trough on this side would have been an obstruc
tion that would have there increased the fracturing and the amount of piling.
The lateral thrust would have narrowed the belt of deposits of each
geosyncline. The amount of narrowing, taking the mean dip of the beds at
10
5 , and. supposing no modifying conditions, would have been about 100 feet

for every 3000 feet of width. But the piling of the beds referred to above,
and the shoving of the beds beyond the limit of the original area or trough,
are modifying conditions that cannot be estimated.
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The shallow mass of deposits in each geosyricline had a temperature at
bottom possibly of 200° F. or 300° F.; for, if 10,000 feet thick, the present
rate of increase in temperature downward would
200° F. This temperature was sufficient only for
the beds through any siliceous waters that might
the reddening of them by the oxidation of any iron

make the maximum only
a partial consolidation of
have been made, and for

The movements
present.
from lateral pressure against the trough in the earth's crust, in which the
beds lay, might have produced their results by molecular transfer in the
mass of the crust. But the facts point unquestionably to great and deep
fractures. The directions of such fracture-planes would have been deter
mined partly by the positions of the weaker planes in the rocks beneath.
Such weak planes may be due to kinds of rocks; to the foliation or bedding
of the rocks; to earlier fault-planes; or to preexisting mountain features of
the Atlantic border.
But their actual positions are not often determinable
so
far
as they may be inferred from the lines of eruptive rocks.
except
Igneous eruptions over the Triassic areas. -The general features of the
outcrops of trap over the areas are well displayed in the Connecticut valley,

an excellent map of which for the state of Connecticut is contained in
J. 0. Percival's Geological Report
(1842) ; and for the Massachusetts portion,
B.
K.
Emerson, in the Bulletin of the Geological Society .f America for
by
1891. The accompanying map, Fig. 1316, which is part of Percival's, embraces

the southern three fifths of the whole area in Connecticut, or the part from
the Sound to the latitude of Hartford.
Its length is 37 miles, or about
one third of that of the whole valley.
On the map the clotted lines nn, mn mark the outlines of the Triassic area; outside,
both to the east and west, the rocks are
crystalline rocks. The heavy black lines rep
resent the outcrops of trap. Commencing at the south, the alihreviat ions used on it are
as follows: N II, New Haven ; pp, bb, dikes (If
trap outside of the ara. n the west ; and
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ee, another on the east; S, Saltonstall Ridge, called Pond Ridge by Percival; T T,
Totoket Ridge; C, Mount Carmel ; M, Meriden ; ML, Middletowu ; Pd, Portland and
Portland sandstone quarries; H, 1-lartford. The scale of the map is
of an inch to 5
miles. The many interruptions in the lines of trap on Percival's map are generally due
to intervals of sandstone, and the smaller of them may often have resulted from falls of
the sandstone walls of oblique fissures, as explained on page 298. But in some. eases they
are breaks in the outcrop of trap in which no sandstone was in view, and where further in
vestigation may prove the line to be continuous. One such case exists in the termination
of West Rock, and another in the south side of the summit of Mount Carrnel; and changes
have been made correspondingly in Percival's map. One other change made, in order to
represent the results of later observation, is the continuation of the dike bb to and across
West Rock.
Some of the general facts of importance illustrated on the map are the
following: -

1. The outcrops are most numerous in this southern portion of the area.
To the north of the region here mapped, there are only continuations of
the three western lines to Mount Torn and Mount Holyoke in Massachusetts,
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and an isolated line farther north which passes near Greenfield.
2. The outcrops of trap are not wholly confined to the Triassic area.
Two lines of dikes exist on the west side (pp, bb, on the map) ; they con
tinue southwestward to the Sound. In one of them, the trap is sparsely
There are also two long dikes on
porphyritic with crystals of anorthite.
the east: one, commencing in ee, to the eastward of New Haven, not a mile
distant from the area, has a course nearly parallel to its eastern outline
for 10 miles, but afterward diverges from it; the other commencing nearly
east of Hartford, just outside of the area, is parallel to the area for the
Both were traced by Percival to the Massachusetts line.
same distance.
The convergence of the dike ee, southwestward toward New Haven Bay,
and that of the other lines of trap in the Triassic area, are part of the
evidence that the estuary or trough terminated at this place.
3. The trap (doleryte or diabase) is essentially the same rock in all the
belts, and through all the Triassic areas. It is sparingly chrysolitic,
according to Iddings, in Orange, N. J., and rarely so in other places.

The chief variation is a result of alteration by means of water imbibed as
vapor, when, it is believed, the rock was on its way through the sandstone to
the surface. The rocks are sometimes unaltered on one side of a belt, and
much altered along its middle or on the other side. Dikes intersecting the
outside crystalline rocks are wholly free from the alteration, showing that the
moisture was not from the same source as the trap, but more superficial.
The
altered hydrated trap has little luster; is often amygdaloidal within 0 feet
or so of the surface; and decomposes rapidly, and often to a depth of several
yards, so that a small dike between layers of sandstone is sometimes found
wholly changed to a brownish yellow earth, and looks like a bed of tufa.
For remarks on amygdaloids, see pages 78, 336. Along some of the fissures
there were carried up with the trap ores of copper, and thus copper veins
were made in the trap and in the sandstone of the vicinity (page 338).
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4. The lines of trap on the map are usually curved, with the convexities
Some are bow
to the west; or they consist of a series of similar curves.
shaped with hooked ends. Saltonstall Ridge at S, on the east side of Salton
stall Lake, near the Sound, is a marked example of the bow-shaped outcrop.
So also is the narrow line just east of it, and another broader and larger line
to the northeast, the Totoket Ridge, T T. The Mount Tom Ridge has an
eastward bend, hook-like, at its southern end, in the Meriden region, and
another long one at its northern end, constituting Mount Holyoke. The

distance between the two hooked ends is over 50 miles, so that it is a very
long bow. West Rock Ridge has a hook at its southern extremity, and a
series of curves in its course to the north; but it terminates northward neat
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where the Mount Tom Ridge ends, as if a sequel to the latter in formation.
These features are so general that they seem to indicate some compre
hensive method of origin.
5. The belts are for the most part approximately parallel to the axial
line of the area, or nearly north-by-east in course. But there are many
exceptions, especially in the southern part of the area.
The large north-and-south outcropping belts of trap usually have bold
features over the landscapes. This prominence is owing to denudation since
the time of the eruption of the trap, for originally the trap was probably all
under the cover of the sandstone. The hard igneous rock generally makes
the summits of ridges. The slope of the ridge in the direction of the dip of

the sandstone (eastward in the Connecticut valley) is usually gradual, and
along it the trap disappears beneath overlying sandstone; but in the opposite
direction, the ridge has a bold front of columnar trap resting on the sand
At the contact with the trap, in a north-and-south ridge, the sandstone
stone.
appears to be horizontal, because its dip is not northward or southward, but
eastward. Only in a transverse section of such a ridge should the underlying
sandstone show its true inclined position. These facts are illustrated in the
The general features of the bold trap front are better
figures on page 302.
shown in the following view of West Rock; but the part exposed to view is
an east-and-west section, so that here the dip of the sandstone is exhibited.

Below the bold columnar front of such ridges there is usually a talus of
broken blocks of trap; the removal of this talus (for road making) has
(The nearly horizontal line below the out
exposed the sandstone to view.
cropping sandstone is the course of a road.)
The Palisades along the Hudson are another good example of a trap ridge. The bold
front of the Palisades faces eastward, the dip of the sandstone being to the westward;
and as the ridge has a northward course, the underlying sandstone, which makes about
half the height above the river's level, presents a nearly horizontal line beneath the trap.
The east-and-west outcrops of trap are generally lines of simple trap
On the contrary,
dikes; that is, of trap within the fissure up which it flowed.
each north-and-south outcrop in almost all cases is that of an outflow of trap
from a supply fissure, which is situated somewhere to the eastward. Examples
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--View of the south front of West Rock, near New Haven, Conn., showing the columnar trap and the
sandstone underneath it.
rock, and thereby re(luee(l to a nearly ltorizoiit.:uI Surface.
No earth or stones
intervene between the trap and sandstone in the Section exhibited, showing
that the material removed by al u'asioui was piishietl n 111(1 1 i igeti elsewhut'rc
and also proving that the flow was not 511 iheia.1, i utasiutieht as all sUrface

earth or debris is absent.
It has been shown, besides, that East Rock, near
New Haven, is lacenhithije ; and so also tin tin j belt next, vest. of the S;ilton
stall Ridge, and the second trap hell east; of the same, as descijind by E. 0.
In addition, the trap rtsI s. in e;uli case, on ,i1,,urned sandstone,
Hovey.
a previous event For the region.
It h)lhOWS
proving that the uptiurniuig
therefore, that the trap ol flip ml.' rviitiuig Saltoiustahl Ridge must he similar
in jujode of origin and time of cmii 1ttioii.
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While the West Rock section, Fig. 1347, indicates, not only a great
amount of abrasion, but also a shoving forward of the abraded material
of the
beyond or vest of the place in view, that of the second trap belt east
Saltonstall Ridge has the abraded material
1348.
resting on the underlying sandstone in the
It- r
form of rounded and angular stones of the trap
and sandstone; the accumulation was evidently
made, as Hovey states, by the friction between
the liquid and solid rock.
B. K. Emerson reports that the trap sheet

of northern Greentield, Mass., where the bluff
or trap faces westward (the dip being east
ward), as shown in Fig. 1348, rests on a bed
of coarse sandstone breccia, 12 to 16 feet thick,
of

which (Tt) is cemented
the upper part
by trap, which extends from above between
the blocks, and the lower part, 6 or 8 feet
thick (Ts), by red sand, which is continu-

with the underlying sandstone. Moreover, the bed of trap breccia rests on unbaked
sandstone. At a locality in the Mount Tom
Ridge, in the town of Holyoke, the base of the
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Tt

Ofeet.
Trap bluff at Oreenfield, Mass., with
breecta of sandstone blocks (the
part Tt cemented by trap, and Ts
by sandstone) lying between it and
the sandstone S. B. K. Emerson,
'92.

trap, according to Emerson, is "kneaded full of
dove-colored limestone," looking "as if the limestone and trap had been
plastic at the same time" ; and at one place, where the trap is about 300
feet thick, its "upper su,:face is filled in the same way with the same lime
stone to a depth of 8 or 10 feet." The limestone had been torn off from a
layer not visible in the section; for, as he says, only sandstone is there in.
view, or was found in a boring carried down 3500 feet.
The large north-and-south belts of trap often have an attendant belt on
the east or west side, or on both, which is generally made of hydrous and.
amygdaloidal trap, even when the trap of the large belt is of the normal
anhydrous kind. Percival draws special attention to this feature. The

Mount Torn Ridge is thus attended, as the map on page 801 shows, from
the Meriden region northward; the line, which is low from denudation, is
on the western side through the southern part of the Mount Torn Ridge,
and on the eastern side for the more northern part. Saltonstall Ridge has
a similar parallel belt to the east, and another to the west of it, only a few
hundred yards distant, and each is perhaps of like relations to the "attendant"
dike of the Mount Toni Ridge.
27te time of the eruptions and their relation to the upturning of the sandstone. - Time evidence is complete that eruptions of trap preceded, as held
of part of the sandstone. The sand
by Emerson and Davis, time deposition
stone of East Haven, east of Saltonstall Ridge, contains stones of trap at
while none are known t occur
many places, as described by E. U. Hovey,
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It follows therefore that the eruptive
over the region west of the ridge.
work began before the close of the period of the sandstone formation.
But it appears to be also true that it characterized the closing part of the

period. The facts from West Rock, and others of similar import from East
Haven, where the trap rests on upturned sandstone, are evidence that so far
as these regions are concerned, the upturning preceded the eruptions.
This

conclusion involves the Saltonstall region; and if this, so also the Totoket
Ridge and others to the north, since all are closely alike, and in close con
junction. Moreover, a laccolithic origin may be inferred not only for East
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and West Rock, but for all such cases.
With regard to the Mount Tom Ridge, direct evidence of age of eruption
is wanting; for no east-and-west sections have been reported.
But a lacco
lithic origin and the abrasion of the underlying sandstone are indicated by
the occurrence of breccia beneath the trap, and especially by the limestone
chips in the lower part of the mass of the trap, and also over its upper
surface, as described by Emerson.
A bed of limestone was evidently divided
by the advancing tongue of melted trap, part being left below, and the rest
As Emerson observes, the facts prove that the heavy trap flowed
above.
over the sandstone, abrading and tearing it. But they prove also that the
flow was not surficial, but laccolithic; for in the case of an advancing surficial
stream the lava, being retarded by friction at bottom, has a downward flow
at the front, and hence could not bear to its upper surface material met with
along its track.

A laccolithic origin for the Mount Torn Ridge explains also the existence
of the attendant dike parallel with its southern, western, or eastern side, and
for similar cases elsewhere.
For whenever, in the forced flow of lava from
the supply fissure to make the laccolith, the force could not so easily con
tribute to the laccolithic mass (owing to the weight it had acquired by
accumulation and that of the overlying sandstone, and to resistance from
other sources) as make a fracture either side for a new place of escape, the
latter event would take place. A dike of five inches, which is visible under
the trap mass in the south front of West Rock, and which is both
amygda
loidal and chrysolitic, is probably au example of this mode of
origin.
This evidence of a laccolithic origin brings the north-and-south
trap belts
into the same category, as to method and time of origin, with West Rock
and East Rock. After or
during the upturning of the sandstone appears,
therefore, to be the time of origin of the larger part of the
eruptions.
The hypothesis has been brought forward by W. M. Davis (U. S. G. S. Rep., vol.
vii., and elsewhere), that the larger part of the trap was erupted in the early part of the
Triassic period long before the upturning; that in the case of the Connecticut valley
area, the trap was poured out surficia iii' from fissures along the eastern margin of the
area, and thence flowed westward across it over the underlying sandstone ; that after more
sandstone had been deposited a second and larger surficial flow took place; then after
more deposition of sand-beds a third smaller flow ; and that this interstratifled sandstone
and trap were covered by other horizontal deposits of sandstone of
great thickness ; that
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finally, at the tiiiie of upturning, the trap and sandstone, thus interstratificd, were forced
up into iii noclities, which hr tlenuiat ion became the existing trap ridges.
According to the views already presented, (I) the trap mass in the trap ridges may be
conformable, or not, to the associated sandstone ; and (2) the supply fissure was near the
eastern base of the ridges, or not far distant. These conditions are illustrated in Figs.
'n page 302. In the views of W. M. l)avis, on the contrary, (1) the trap mass
75.
of the ridges is conformable with the sandstone and with its other trap sheets ; and (2) it
extends to the east and vest of the ridges as a conformable sheet in the sandstone forma
lion, and should he found there by boring if not exposed at surface.
It is favorable to this hypothesis that the sandstone is admitted to be in monoclines
that the trap ridges look like mnonochines, the trap and sandstone n far as exposed to
view being vast ward in dip ; that time greater trap belt and the smaller attendant belt on
the east and vest have the positions in the external view that correspond to layers in a
monot'liiw that in some regions the beds of the sandstone formation underneath the
columnar trap in the front of trap ridges have a like order of succession.
But it. is unfavorable to it. that. the hooked or bow-like shapes amommg the ridges are not
such as are characteristic of monochinal regions ; that the varying dip of the sandstone
within the bow - it. being nearly at right, angles to the direction of its sides and ends
is an exceptional feature for Inofloelifles, and an actual feature of those trap ridges which
are admitted by all to be eruptive. It is also unfavorable that no outcrops of either of the
three conformable sheets of trap have been observed along the eastern margin of the area;
that no sections of the sandstone formation occur anywhere in the part of time area east
of the Connecticut. River, which exhibit the conformability of the trap sheets with one
another or with the sandstone, or that show any trap at all ; that no sections exhibiting
conformability have been observed in any of the trap ridges themselves, and none over
the part of time Triassic area west of these ridges. Thus positive evidence ill favor of the
hvpt'thesis fails ; and there is the evidence against it that the Salionstahl region. instead of
exemplifying it, as claimed by its author, is a region of eruptions after the upturning
of the sandstone, and that the Mount Tom Ridge bears the strongest evidence of a
laccolithic origin.
The existence of buried volcanoes at Mount Cannel (740' high), (1 miles north of New
Haven, has been announced. But there is no evidence of the "buried volcanoes" in
sight: neither in lava streams, volcanic ashes, nor anything else. The rocks in view are
the ordinary compact trap of the trap dikes of the region and the intersected granitic
sandstone.
01-i(yin (f the rnp(ions. - Although the geosynclines or troughs in the
earth's superenist occupied by the deposits were comparatively shallow,
none probably exceeding in depth 10,000 feet., the lateral thrust from the
and movements, if not
opposing directions produced, at intervals, fractures
also crushings at considerable depths for the whole length of the Eastern
Continental border, from Nova Scotia to southern North Carolina. For,

according to existing theory, the region of fusion was where the earth's
interior temperature was so near the. fusing point of the rock, that the heat
from dynaniic.al sources. added to the statical heat of the region, would produce
The near uniformity in the kind of ejected rock, through .111 the
fusion.
Triassic areas, has been already mentioned as other evidence that the fissures

descended below the supererust to regions where basic Archaarm-hike rocks
however, be a
prevail. The ejection of rocks of the basaltic type alone may,
to melt the less fusible
consequence of the temperature not being high enough
rocks containing ohigoelase or orthoclase.
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It is a fact deserving especial note. that, although the subterranean fusion
occurred at intervals for 1000 miles, the fissures by which ejections took
place were almost wholly confined to the narrow areas of the Triassic
geosyncliues. The isolated Southbury area of Connecticut, a dozen miles
vest of that of the Connecticut valley, and only seven by two and one half
miles in area, has its many trap (lilies; and none exist over the
intervening
region or to the north, west, or south of it. The isolation of the eruptions
rrhle areas of the geosynclines - that
corresponds with that of the upturning.
is, of subsidence and deposition
in some way localized the areas of fractures
and fusion.

There seems to be good reason, in the facts, for locating the
chief of the fractures underneath the center or central line of each area
and. under that half of it which is nearest to the general axial line of
the chain of areas, rather than underneath the outer margin of the other
half, or in any part of this half; that is, in the Connecticut valley area, as

Percival's map illustrates, for locating it underneath its central line and the
half to the westward, rather than underneath the eastern part.

long dikes just east of this Triassic area,
besides two others to the west of it.
One of the southwestern of these out
side dikes, bb on the map, is proved, by its cutting through the West Rock
trap, to have been of subsequent origin; and this is probably true of all four.
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

There are, however, two

The four are alike, moreover, in having a mean course of N. 250_300 E., thus
differing about 15° in easting from the average course of the trap belts in
the Connecticut valley.
Similar facts are afforded by the region of the Pali

sade Range.
They accord with the idea that these outside dikes were
when
the
erupted
orogenic catastrophe was near its close, and the localizing
geosynclinal conditions had lost part of their influence.
Perhaps tension
from a decline in the lateral thrust, or from a dissipation of the subterranean
heat generated by the movement, led to these divergent lines of fracture
and eruption.
According to J. J. Stevenson, great displacements have been produced
in the faulted Appalachian region of northwest Virginia at some time
subsequent to the origin of the range; and it is probable that the epoch
was coincident with that of the Triassic upturning.
(Am. Jour. Sc., xxxiii.,
262, 1887.)
Movements over the Rocky Mountui,i Region and the Pacific Border.
Making of the Sierra Netathe.
Along from Mexico northward, in the Rocky Mountain region, thick
Triassic and Jurassic deposits were in progress,
preparatory for future
but,
in
mountain-making;
general, only oscillations, and some emergenees in
the general course of geosynchinal subsidence, have been
Over
reported.
the summit region of the Rock' Mountains
deposition was eontiimued quietly,
as a general thing, through another
period, the Cretaceous, before an great
disturbance took place.
On the grotiiid of the absence of Liassic beds over
the region south of Wyoming, R. C. Hills has inferred that an emergence
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there took place after the Triassic.
In the Sierra Nevada an unconformity
occurs, according to l)iller, between the Lias and Upper rfl.ias of the Taylor
'ille region, but the Succession of deposits shows that no emergence in that
In the Island
portion of the Sierra Nevada accompanied the disturbance.

belt or British Columbia, along Vaimtuuvei' and the Queen Charlotte Islands, an
emergence occurred after the Triassic period; for no Jurassic beds exist
between the Triassic formation of time region and time Cretaceous; moreover,
at sonic time between the Triassic period and the Cretaceous, according to
U. M. 1)awson, an extensive upturning of the Triassic beds took place; but
whether at the close of the Triassic or of the Jurassic is left uncertain
(1886, 188T).

The close f the Jurassic period was the time of the making of the Sierra
Nevada Range, as announced by J. D. Whitney in 1861 (Am. Jour. Sc.,
xxxviii., 1864; Rep. Geol., 1865), after the discovery of Triassic and Jurassic
fossils in Plurna.s County, and of Jurassic in the Auriferous slates of Mariposa
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This conclusion has been questioned and the
County and other regions.
event referred to the Middle Cretaceous, on the ground chiefly of resemblance
between the Auce1l
of the Jurassic Sierra slates and those of the Lower
Cretaceous; but it has been fully confirmed by the study of the Mariposa

and other fossils by Hyatt and others, and by the fact of the unconform
ability of the Lower Cretaceous with the rocks of the Sierra in many places
west of the Sacramento River.
It is also sustained by the fact of the conform ability of the Lower and
Upper Cretaceous, or the Shasta and Chico series, as observed by Diller;
who has, moreover, traced the umonfuniiabiiity, not only along the west side
of the Sacramento, from Pit River southward by Redding, Horsetown, and
Ono, into Tehama County, but also northward by Yreka and Ashland, far

into Oregon.
Moreover, other ranges to the west and north participated in
the upturning; for time Coast Range and the Kiamath Mountains were
parts of the result, according to Diller and Fairbanks; and it may be that
still others in the Sierra line, to the north or south, were then formed.
The black slates and siliceous rocks of the auriferous belt of the Sierra

are associated with hydromica schist, horublende schist, serpentine, crystal
line limestone, along with some sandstone, and with limestone which is
semi-crystalline. From the Mariposa region northward they commonly have
a dip eastward of 600 to 80° or 90°. The relative positions of the rocks of
the belt are finely exhibited on the colored geological maps of parts of the
Sierra region published by the United States Geological Survey, prepared
chiefly by Lindgren and Turner. They show by colors the positions of the
areas of outcrop of the granite or dioryte, which makes the core of the Sierra,
and also of the various eruptive rocks of the region as well as the belts which
make up time Auriferous series.
In the Taylorville region, Plumas County, the beds, ranging from Upper
Jurassic to time Silurian, are partly in overthrust flexures, the thrust being
to the eastward (landward) as described and figured by Difler (0. Soc. Am.,
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It is probable that there were ranges of flexures and monoclinal
1892).
shoves along the rest of the Sierra to the southward and great upthrust faults
also in the Taylorville region.
The maximum thickness of the rock in the Taylorville region is 24,500

feet, of which 17,500 feet are Paleozoic and 7000 feet Mesozoic (Thllei').
The Sierra Nevada geosyncline of deposition, which began during or before
Upper Silurian time, hence reached in this part a depth nearly of 25,000
feet; this was the thickness of the pile of deposits that was upturned and

flexed in the crisis of mountain-making at the close of the Jurassic. The
heat generated by the movements was sufficient for the rather feeble meta
morphism which characterizes the rocks. Facts also appear to prove that

the core of diorytic granite, which is the chief rock of the ridge to the south,
was an Archan ridge over and against which the thrust took place; for the
stratified rocks, where in contact with it, show in some places in their
For an example
crystallization or metamorphism the effects of the friction.
of such effects, see page 534. This view of the Archaan age of the Sierra
core of granite is presented by King in his 40th Parallel Report, 1878.
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The Sierra Nevada, when first formed, probably had not half its present
It has a later history of great geological interest.
height.

The formation of the gold-bearing veins of quartz in the Sierra rocks was
a consequence of the upturning. The wrenching of the strata opened the
leaves of the slates, and also made great intersecting fissures.
The opened

spaces and fissures became filled with silica (quartz) which the heated mois
ture took into solution, and also with such ores as the vapors found in the
beds.
Some of the auriferous quartz veins have a width of 10 to 40 feet.
As the modern Sierra gravels contain gold from the rocks which make the
modern Sierra, so the more ancient rocks, of Jurassic and earlier origin, must
have held gold from the earlier crystalline rocks of the Sierra; and this gold,
with ores of lead, copper, and other metals, the hot vapors gathered into the
fissures.

It was not the work of superficial waters; for the veins now visible
on the Mariposa estate and elsewhere are, owing to denudation, thousands of
feet below the original surface; but there is no doubt that superhejal waters
took part in the work. The metamorphic effects include many rocks in the
Coast Range, besides prevailing kinds above mentioned, as stated on page 318;
and through Becker's studies the region has become an especially instructive
one on the general subject of metamorphism.

The "granite core" of the Sierra constitutes the culminating points in the southern
portion of the range -among them Mount Whitney, which has a height of 14,898 feet
above sea level; and it is the rock of the famous Yosemite Valley. Whitney states
that the slates near the granite are harder than at a distance from it, and contain horn
blende; that veins of granite extend into the altered scliists. And Diller describes
contact phenomena observed by him in the Taylorville region. Moreover, some of the
auriferous quartz veins extend into the granite. Evidence of this kind led Whitney, in
his California Report, to present the view of the post-Jurassic age of the granite ; and
several recent investigators of the region hold the same opinion. But intrusions of
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dioryte in dikes would be a natural result of friction along fault-planes cutting through
such an underlying crystalline mass. The extrusion of igneous rocks accompanying
mountain-making has been a common fact over the summit region of the Rocky
Mountains ; an example occurs in the Wasatch, which has, like the Sierra, a "granite"
core.
Had the granitoid mass been a result of deep-seated eruption at the time of the
u)turning, or at any later date, or earlier, it would have come to the surface in great
fissures; for fissures, as the result of fractures, give exit to the confined liquid rock of the
earth's depths. Moreover, liquid dioryte is identical with andesyte lava, and liquid
granite with rhyolyte; and if ejected at the time supposed, it should show evidence of
the chilling effect of the relatively cold Sierra rocks along their contacts with them.
Instead of this, the rock of the core is well crystallized to its surface, and has a coarseness
of crystalline texture which indicates extremely slow cooling. Neither is the existence of
auriferous quartz veins in the granite positive evidence of its recent origin; for the granite
of Pike's Peak, according to W. Cross, contains sandstone dikes (Feb., 1894). Further,
if the ridges of crystalline rock in California and to the north are all eruptive and of late
Mesozoic age, as is urged, and the emergence at the close of the Triassic is the earliest of
much importance, there is no sufficient source for the sediments of which the successive
sedimentary rocks were made. They could not have come from the eastward; for the
oceanic currents of the Pacific border are now, and must have been in early time, from the
northwest; and besides, the ridges of the Pacific border are north or northwest in course.
Moreover, oceanic currents are relatively feeble transporters, and find their material for
rock making near at hand.
Such a mass of crystalline rock having irregular or indefinite outline has received the
name of hathylite. (Bath ylith would be a better name, as it is here used for a mass, not a
kind, of rock.) It has one mode of origin that is consistent with indefiniteness of outline.
When a pile of deposits, 30,000 feet or more in depth, has beds in its lower portion that admit
of fusion under the action of the heat producing metamorphism, the melted material
would make a mass of indefinite outline. The fusion, under the same circumstances, of
the rocks immediately below the pile, might add to the melted mass or be its chief source.
Here is fusion unbounded by the walls of a fissure. This was common, as has been else
where remarked, in Archan time. There is no sufficient evidence that it occurred
during the Sierra upturning at the close of the Jurassic, or in any other part of Mesozoic
time.
The pre-Cretaceous age of the metamorphic
has been urged by Fairbanks (1892). This view
by Turner and Diller; and the latter states that
heaved with the Sierra Nevada at the close of the

rocks of the Coast Range
is held also to some extent
the Coast Range was up
Jurassic.

This conclusion
is drawn from the fact that the Cretaceous thins out, both to the eastward
and westward of the Sacramento valley, and that the later beds have their
greatest extension in these directions.
The Cascade Range appears, from its position, to be part of the Sierra
system. Becker reports that the same class of metamorphic rocks characterizes

the portion of it in Oregon where not buried beneath later volcanic ejections.
The Blue Mountains of Oregon also have their Jurassic rocks, and were
probably among the results of the post-Jurassic upturning.
in the Plateau Belt, or that of the Great Basin, near Carson Lake, the
West-Humboldt range, according to King, was made at this time. It includes

several ridges between 117+° W. and 119° W.; and the thickness of the
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Triassic and Jurassic rocks in the West-I-Iumboldt and 1a.h-Ute ridges is
stated to be 20,000 feet or more.
The Sierra and \Vasatch ranges have reverse positions with reference to
the Great Basin. Each stands with its steepest side and its high shoulders
toward the basin; and in each, if the views above stated with reference to the
Sierra Nevada are correct, this bold side is made up in part of an Archean
range, which was really the protaxis and backbone of the mountains.

In the Vancouver and "Coast Ranges" of British Columbia the underlying rocks
are gray granitoid kinds, containing much hornblende. The granite of the latter is
associated with mica schist and hornblende schist. In the former, according to Dawson,
the granite underneath the stratified beds of the Vancouver Island series is charged with
innumerable darker fragments from these overlying rocks for a distance inward from the
surface of the granite in some places of a few hundred feet to half a mile. How such a
penetration of fragments from the non-metamorphic beds could have been produced,
whether the granite were of later eruptive origin, or of earlier production, is unexplained.
If the granite were metamorphic eruptive, and thereby simultaneous with the upturning
in its eruption, the Vancouver strata would have been distinctly metamorphic.
In Europe, through the Triassic and Jurassic periods, great preparations
in rock deposition were in progress over deepening troughs, for the making
of the Alps, Pyrenees, Carpathians, Apennines; but the crisis in all these
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cases was delayed until the Tertiary.

2. CRETACEOUS PERIOD.
The Cretaceous period, the closing part of the "Age of Reptiles," is
remarkable, like the earlier Mesozoic, for the number of Ammonites and

Belemnites among its marine species; for the diversity and size of the Rep
tiles populating the seas, land, and air; for Birds that had teeth like the
Unlike the earlier
Reptiles; and for Marsupial and Oviparous Mammals.
Mesozoic, it is not less remarkable for the existence in the seas, along with
Ganoids and Cestraciont and other Sharks, of Teleost Fishes, related to the
Perch, Mackerel, and Salmon, and for the addition to the forest trees of

Augiosperms of kinds related to the Sassafras, Magnolia, Tulip Tree, Plan
tain, Fig, Beech, and the like, together with Endogens of the tribe of Palms.
GENERAL SUBDIVISIONS.
Only the grander subdivisions of the Cretaceous series, the LowEn Cre
taceous and the UPPER, or the EARLIER and LATER, are adopted alike in
But it is not yet established that the limits between
Europe and America.
these two divisions as recognized on the two continents are the saine
NORTH AMERICAN.
1.

General Geographical Features qf North America.

The map here introduced presents a general idea of the distribution of
land. and salt water over the continent of North America during the period
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of greatest submergence in the course of the Cretaceous period.
The vertical
lining indicates the parts that were submerged during the Lower Cretaceous
the horizontal lining, those that were submerged (luring the Upper Creta

ceous ; and the cross-lining, the areas under water through the whole period.
The map is too small for an indication separately of the fresh-water Creta
ceous areas.
1349.
J
\

r'
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North America In the Cretaceous period.

The positions of the areas of Cretaceous rock-making, as illustrated for
the most part on the map, are the following: 1. The Atlantic border.
2.

The Gulf border to the Mississippi River.
3. The Western Gulf border, or the area of Texas and Mexico.
4. The Western Interior Continental Sea, including the summit region
of the Rocky Mountains, and extending south through New Mexico and
western Texas into Mexico.
r The Pacific border.
Besides these there are the independent areas of Arctic lands.
The submergence reached its maximum during the earlier half of the
Upper Cretaceous.
During the progress of Lower Cretaceous time, the great

Western Interior region was, for the most part. at or near the water level; for
the outcropping beds are fresh-water or marsh-made formations. Only in
its southern part from Kansas over Texas, part of New Mexico and Mexico,
are they marine. At the same time the Atlantic border and the northern
Gulf border had their fresh-water formations. But after the Upper Creta-
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ceous period had made some progress, the waters of the Mexican Gulf
began to spread northward over the subsiding Continental Interior; and
before its earlier half had passed, the submergence had reached its maximum.
A vast Mediterranean Sea extended from the inner portion of the Mexican
The Atlantic border, south of New York,
Gulf, probably to the Arctic Ocean.

as the map shows, was also submerged, and a wider portion of the Gulf
border; and along the valley of the Mississippi the waters stretched north
ward. beyond the present mouth of the Ohio, making a great Mississippi Bay,
which was 100 miles wide in the latitude of Memphis. But in Mexico, at this
time, the large Lower Cretaceous area over which the Atlantic and Pacific
had been. exchanging waters, was, to a great extent, emerged.
Over the
Pacific coast region there was a narrow strip of water-narrower than in
Jurassic time because of the making, at its close, of the Sierra Nevada and
other mountain ranges to the north.
At the time of maximum submergence during the Upper Cretaceous, the
American Mediterranean Sea of the period had a length, if extending to the
The decline in depth and size began
Arctic Ocean, of about 3000 miles.
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As
perhaps by the middle of this later half of the Cretaceous period.
explained in detail beyond, there were successively: a shallowing of the
sea and an emergence of dry land far north in British America., cutting off

connection with the Arctic Ocean, and thus converting the waters on the
south into a Mexican Gulf, 2000 miles or more in length; a contraction of
the great gulf commencing along the eastern border; the conversion of the
gulf, while still 1500 miles in length, into a region of alternating brackish
waters and fresh waters and low marsh-covered lands, situated along and just
east of what is now the Rocky Mountain section of the Western Continental

Interior; the disappearance of the salt waters, leaving only fresh waters;
and, finally, the disappearance of these waters over the mountain region,
and the end of Cretaceous deposition, with a change in the events to moun
tain-making.
The preceding map, illustrating North America in the Cretaceous period, was pre
pared for this work chiefly by J. S. Diller and 'I'. W. Stanton, of the U.S. Geological Survey,
from the map by C. A. 'White in his paper On the Correlation of the Cretaceous (U. S.
0. S. Bulletin, No. 82, 1891), and from those for British America by G. M. Dawson in the
Transactions of the Royal Society of Canada for 1890, and largely from later papers since
published, and more recent results in possession of the U. S. Geological Survey. White's
Bulletin, which contains a review of the literature, facts, and theories pertaining to the
North American Cretaceous formation, has been of much service in the preparation of the
following pages.
SUBDIVISIONS.
No general subdivisions of either the Lower or Upper Cretaceous for all
the regions in North America have been adopted, on account of the wide
diversity of the regions as to conditions. Part of the deposits being fresh
water, and the marine fossils of the Atlantic and Pacific borders and of the

MESOZOIC TIME - CRETACEOUS.

815

Atlantic and Continental Interior being almost completely unlike, it has
proved very difficult to determine equivalency.
The Lower Cretaceous series is less well displayed on the Atlantic and

Pacific borders than in Texas, and hence the division into epochs has been based
on the subdivisions recognized in the latter region. For a like reason the
epochs of the Upper Cretaceous are based on the subdivisions over the

Con-tinental
Interior.
The principal subdivisions in each of the geographical belts are given in

the following tables. The equivalency indicated is, for the reasons stated,
largely doubtful. For comparison, the corresponding subdivisions in Euro
pean geology are presented in the last column.
1.
Atlantic and
Northern Gulf
Borders

13. WASnITA
EPOCH
2. FItDERxcKsnunoEi'ocu
5
II. Tatxrrv
EPOCH
1.
2. UPPER

Atlantic
Border
I UnrepreI seated?
4. tipper
I Greensand
in part.
Middle
Greensand
Lower
1 Greensand
2. Clay mans?

1. RarItan
group

Rocky Mountain
Region

Western Gulf Border, Texas

1, 2, 8, Potomac
group, Atlantic
border; Tuscaloosagroup,Ala.;
Eutaw in Miss.
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LOWER CRETACEOUS DIvIsION.

1. Kootanie Group

Pacific Border

Europe

iorsetown

8. Gault or Albian
2. Aptian or Lower
Greensand

J
.21
40 I
I Knoxville

i. Neocomifin
}

CRETACEOUS DIvIsIoN.

Northern Gulf Western Gulf
Border
Border, Texas

Continental Interior
and Rocky Mountain Pacific Border
Region

Laramie In
western
Unrepresented?
Texas

4. Lntis EPOCH
o- Upper Laramie
or
Denver group
1. Lower Laramie

Glauconitic 3. MONTANA EPOCH
Ripley group; 12.
2. Fox Hills group
group
part of Rotten II
1. Fort Pierre group
1.
Ponderosa
limestone
marls
Lower tart of
2. COLORADO EPOCH
Rotten lime- r2. Austin
2. Niobrara group
limestone
stone. Upper
I. Benton group
Eiitaw beds; 11. Eagle Ford
shalos
Tomblgbee
i.
sands
1. DAKOTA Erocu
Lower CrossDakota group
Timber sands

Europe
Dn4u4
Maestrleht
beds
SENONIA

Chico group,
or upper
part of the
ShastaChico series

Tuuoru

CENoMAN1w

The lower limit of the Cretaceous series in North America has been
made out by a comparison of fossils with those of the Neocomian of Europe.
It is especially marked, in most localities where the remains of plants occur,
of the earliest species of Angiosperms, along
by the presence of the leaves
As at present understood, the
with those of the still abundant Cycads.
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series extends as far upward in the geological formations as the remains of
Mammals are of the oviparous kinds, with none ol the ordinary or placental

Maiinnals, and as far as the rdnlains of Reptiles include the Mesozoic types
of Dinosaurs and Mosa.saurs ; and, moreover, until the epoch of mountain
No marine
making, winch closed Mesozoic time, had reached its climax.
fossils of the Cretaceous beds, or remains of Cretaceous Vertebrates, are
positively known to be continued from the Cretaceous into the Tertiary
formation.
ROCKS-KINDS AND DISTRIBUTION.
1. LoWER CRETACEOUS.

Atlantic border.- The Potomac fhrmcüion. -The Lower Cretaceous beds of
the Atlantic border are those of the fresh-water Potomac formation, so named
by W. J. McGee in 1888. It consists mostly of granitie sandstones and con
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glomerates, loosely aggregated and irregularly bedded, with clay-beds chiefly
in the upper portion.
It occurs on the Atlantic border near the inner limit of
the Cretaceous, in an interrupted belt, passing through Delaware, Maryland,

the District of Columbia, Virginia, and beyond to Weldon in North Carolina.
The thickness is 60() feet and less.
The width of the belt where continuous
is seldom over 10 miles; but outliers make its probable original width in
some parts perhaps 40 or 50 miles. The coarser conglomerates occur in the
vicinity of the larger rivers, the Delaware, Schuylkill, Susquehanna,
Potomac, and James River, showing that the rivers had then their
place over
the Atlantic border, and also that their floods were concerned in the coarser

deposition, while the finer materials and clays mark off the relatively quiet
areas and intervals.
The presence of a rare marine shell shows that the sea
was not far away.
The granitie material is that of the rocks over much of
the region adjoining, and of the Triassic, which in some cases they overlie.
But the other sands are probable evidence that the drainage over the Atlantic
border had now its head in the Appalachian Mountains.
Acording to Fontaine, its plants, which include Cycad stumps and leaves,
Conifers, and Angiosperms, range in types through the whole of the Lower
Cretaceous of Europe, and include some species that are related to those of
the first division of the Upper Cretaceous.
According to L. F. Ward, the Cycad SLUII11)S occur in time lower part of the
Potomac group, the same that includes the
He
Rappahia iiiioek freestones.
states, also, that on James River, Virginia, time beds contain Cycads and
Sequoian trunks without Angiosperms, suggesting the idea that they are
perhaps lower in the series.
Northern Gulf' border. - T1
T,,scoloosn qroiip in Alabama - SO named
E.
A. Smith and L. C. Joliiisoii - consists or clay-beds and sand-beds,
by

The Eutw i,roui. in Mississippi. 300 to
containing imni)ressions of leaves,
400 feet thick, has similar characters, and contains some
lignite (1 lilgard.
1860).

MESOZOIC TIME - CU1TACEOUS.
Western (,',,if lj,lv',. - In Texas, and to the north and northeast in
indian 1trriturv Mill Kansas, vest ;Liiil noithvest in New Mexico, and west
aiid soiitliwe.st, ill Mexico, the Lower Cretaceous beds are mainly marine.
They are the C'iima,sel,e series of l. 1.'. Hill. They have fresh-water beds at
l)ottoIii, bLIL consist above largely of thick liinestones, which are partly chalk.
They abound iii fossils, and indicate, for the most
the presence of pure
SL1l)1rIIlIjcaI occainc vaters. The thickness is 1000 to 2000 feet in central
Texas, and f000 feet on the Rio Grande.
The subdivisions adopted by Hill (on which the division of the Lower
Cretac'ous into epochs is based) are as follows: 3.

\V.SHIT.t Ei"ocii.-Washita group.
1. Shoul Creek limestone
3. Di'nison beds, sands, clays, limestones; Exogyra arietina clays.
2. F'rt I Iorth, or 1 Vashita, limestone.
1.
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2.

1.

Preston beds, Duck Creek chalk, Kiamitia clays.
FIED1itIeIs1tU Ri; Ei"ooii. - Fredericksburg group.
3. C'(ljo'?ll(l li,,iestune. Austin marble.
2. Comanche Peak chalk.
1. JRilnut clays, with Exogyra Texana and Grypha Piteheri of
1enier (U. mucronata of Gabb).
TRINITY Erorii.-Trinity group.
3. J'(Il#I.t.s(tflhl$.
2. Glen Rose beds, sandy below, calcareous above, containing marine
fossils and sonic vegetable and Reptilian remains.
1. Trinity sands, with fossil leaves and lignite.

As above indicated, the Cretaceous himestoucs of Texas are partly chalk,
like the ('retareous of southern Engl;unl ; and the chalk contains flint'. Chalk,

as al reaily explaiiicd. is made
largely of the iniiiute shells of
ooze of inoderil seas; and flint.,
siliceous shells of Diatoms or I

from

sea-bottom accumulations consisting
I liizopods, corresponding to the Globigerina
from the siliceous spicules of sponges and
iiliolarians that. may exist in the same calca-

1't( '(15 tiP1 iosits.
('balk is supposed to
it was formed had a depth of at. least
fossils in the beds are also evidence of
thick over the Indian Territory, hilt

show therefore that the seas in which
some linud reds of feet. The various
deep water. The beds continue to be
thin out in Kansas.
The Onacimita

Mountain range was emnergeti land, and the Cretaceous sea, as Hill observes,
hail a shore line at its base.
In Mexico, the Lower Cretaceous, on the map of Castillo (1SO1), extends

nearly to time eit.y of Mexico ; and it is continued beyond to the southward
nut! westward, in isolated patches.
According to Hill (1593), all. except a
small portion to the northeast, is a. continuation of the Comanche group of
Texas, hut with loss distinct subdivisions; and lie concludes further that
DANA'S MANUAL-32
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over Mexico during this time the Atlantic and Pacific oceans were united.
He makes the thickness 20,000 feet.
- The Lower Cretaceous of
Rocky Mountain region. and Central Interior.
the Rocky Mountain region includes, at some localities at base, the fresh-water
Kootanie beds of Dawson (1885), so named from the Kootaiiie Pass, in the
Rocky Mountains, about 30 miles north of the 49th parallel, where they were
The beds are sandstones
first found and characterized by their fossil plants.

Other localities occur at intervals to the
northward for 150 miles, and to the southward in western Montana. Tile
beds also outcrop, according to recent determinations by L. F. Ward, about
the Black Hills, in western Dakota, where they have a thickness of 20() to
300 feet, contain trunks of Cycads and other plants, and underlie plant beds
and shales, and contain some coal.

of the Dakota group (Upper Cretaceous) to which they had been referred.
How far they extend eastward and southward is not yet ascertained.
In
New Mexico they are mainly marine beds, and resemble those of Texas, with
which they are continuous.
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Pacific border. -The Lower Cretaceous beds of the Pacific border in the
United States are marine, but in British Columbia they are partly of fresh
water or marsh origin.
They occur (1) in the Plateau or interior region of

British America, and (2) along the Coast belt.
Over the Plateau region they are described as extending over Washington
to the Yukon district and northward to the Arctic Ocean (G. M. Dawson).
The Plateau region within the United States, that is, the Great Basin, was

apparently emerged; but south in Mexico, as already described, long sub
mergence is proved by the existence of many thousand feet in thickness of
Lower Cretaceous beds.
The coast region has a border of Lower Cretaceous beds along the greater
part of California and Oregon, and also on Queen Charlotte Islands and
Vancouver Island; and again far north along both the northern and southern

shores of the Alaskan peninsula.
The beds in California constitute the Shasta group of J. I). Whitney
(1869). They are well exposed along the western border of the Sacvanieiito
valley, where they are divided into the Knoxville and IIor.stmrn beds

so named from localities in the region by C. A. White.
These two groups
were made by White to represent only part. of the Shasta group; but. later
observations by T)iiler anti Stanton (1.693) show that they ct)rrt's1)olid to
the whole.
In Tehaina County the total thickness is about 26.000 feet in
Shasta County, where the I-[orsetuvii beds alone OI'cItF. )2()0 ti-et ( l)ilkr.
Stanley-Brown). The Knoxville or b wer group has anion-, its fossils vaiiOUS
forms of Aucelke (Figs. 1203-1205. page 759). and the I [rsetown iiir1iltS
in its abundant fauna many Ammonites; the species (if t.lti' tWo have close
relations to the Neocom ian, ( aul t, and I nte riiwd tate 1 )etIs of Eu .t u.'.
The
two groups in California thus cover the wituli' of the Lower ( 'retareotis ; and
these are continued in the Chic() series of the Upper Cretaceous
In British America, the lower part only of the coast. ( 'r('ta(Pons (bit Vaii
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couver and Queen Charlotte Islands is referred to the Lower Cretaceous.
On Queen Charlotte Islands, fossil plants of Lower Cretaceous species occur
in the beds, as first discovered in 1872, and reported in the following year
0. M. l)awson makes five subdivisions of the beds ; and the
by Dawson.
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three lower, C, I), E, 9500 feet thick, are now regarded as identical with the
Shasta group, on the basis of several common fossils (WThiteaves, C. A.
White, T. \V. Stanton).
Arctic Ocean. - On western Greenland, in the vicinity of Disco Island,
there are deposits containing Cretaceous and Tertiary plants, and the lower
part are the Konit group, of Heer (1882), referred by him to the Neocomian
of Europe, and by Newberry and Fontaine to the age of the Kootanie
and Potomac.
A portion of the Potomac formation in Maryland was referred, on account of its
stumps of Cycads, in 1860, by P. T. Tyson to the "Wealden" ; and in 1875 to the same
by W. 13. Rogers. A careful study of the many fossil plants led Fontaine (1829) to essen
tially the same conclusion. The remains of Reptiles which it has afforded (see beyond)
are pronounced Jurassic by Marsh.
The Potomac formation in the region of the Chesapeake Bay, in Maryland, is described
by N. H. Darton (1803) as overlaid by beds of white sand, gravels, and brownish sand
stones, which he calls the Maqotliy formation. It contains lignite and plant remains; but
no fossils are mentioned for identifying or distinguishing it; and its separation from the
Potomac by a plane of erosion is of uncertain importance.
The Albirupean group of
TJhier (1888) consists chiefly of white sand-beds occurring along the Chesapeake Bay,
and is largely exposed near the head of Magothy River; and it is supposed to belong in
part with the Potomac formation. But such evidence is very doubtful; for the deposits
of sand, mud, and gravel now forming about Chesapeake and Delaware bays, and elsewhere
along the Atlantic border, show that kinds of material, color, coarseness, texture, struct
ure, are nearly valueless characters for determining the equivalency of Cretaceous and
later-time beds as well as those of earlier time. All sorts are formed cotemporaneously,
and the same sorts at successive epochs.
On the Gulf border, the Tuscaloosa group in Alabama, as described by Smith and
Johnson, consists of clayey layers with intercalated beds of sand ; it outcrops beneath and
either side of Tuscaloosa, along the northern limit of the Cretaceous belt. The thickness
is about. 1000'. The Eutav beds of Mississippi, first. described by E. W. ililgard, are
referred to the group, as far as non-marine, by C. A. White. The Tuscaloosa group is
described in detail by E. A. Smith and L. C. .Johnson, in Rulletin 43, U S. (eo1. Sure.,
1887, and some observations are added on the Eutaw group in Mississippi.
In Texas, the Lower Cretaceous has a thickness to the northeastward, at Red River,
of 10(10' ; to the southwestward, on the ho Grande, of 50001; and northwestward it extends
into New Mexico. At Kent, 103 miles east of El Paso, the westernmost station in Texas,
the thickness is made about, OQ by I )umble and Cunimins ; 550' of it. belong to the
IVashi ta division, and are characterized by the Gryplica dhlatata var. Turnncari of Mar
cou, a fossil well known from the Cretaceous of New Mexico. In Kansas, the whole
thiclciiess is but. 1501, half of it Trinity sands, and the rest, the Fredericksburg beds
(Cragin).
The more important older investigations in Texan geology are those of Ferdinand
Romer (1852), II. F. Shuinard (1850-1860), Marenu (1854-1859). Shumard made the
\Vashita and Comanche Peak groups Upper Cretaceous ; and Marcon placed the upper
line of the Lower Cretaceous between these two groups, with the Comanche Peak lime
stone above.
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The Lower Cretaceous of northern Mexico, in Chihuahua and Coahuila, was described
by C. A. White in 1889, who speaks of the strata of bluish limestones as strongly upturned
and flexed, and having a thickness in the Sierra San Carlos of 4000'. Felix and Lenk, in
their memoir of 1800, 1891, separate from the Cretaceous of Texas a lower part, consisting
of gray to black limestones having intercalated clays as the Lower Cretaceous, and refer
the rest, which consists chiefly of whitish, somewhat cherty limestones, to the Upper. He
reports the former as having nearly three fourths of its 46 species of described fossils
identical with the Neocomian of Europe ; and the latter as containing Radiolite-like forms,
with species of Caprina and Nerinea.
The Kootanie beds of Montana, which in some places contain beds of coal 12' thick,
were described by Newberry in 1887, and by ii. Weed in 1872.
The Knoxville and Horsetown beds, i.e. the Shasta portion of the Shasta-Chico series,
have a wide distribution along the Pacific coast, extending with interruptions from south
ern California probably to Alaska. Their greatest development, according to 1)iller, is
upon the western border of the Sacramento valley of California, where they are composed
chiefly of shales with only occasional sandstones above and many thin beds below. The
beds are rarely calcareous, and where the successively newer overlapping series come in,
lying unconformably on the pre-Cretaceous metamorphic rocks, local conglomerates are
common. The greatest thickness of the Knoxville beds measured is nearly 20,000'. The
absence of faults is not assured. The Horsetown beds have a thickness of over 0000' and
overlap the Knoxville beds in all directions toward the Cretaceous shore. The conformna
bility of the Knoxville and Florsetown beds and their detrital and faunal continuity in
both California and Oregon indicate uninterrupted sedimentation ; and the shoreward
overlapping of the newer beds, with marked unconformity upon the pre-Cretaceous rocks,
shows that upon the Pacific border the laud was subsiding and the sea encroaching.

2.

UPPER CRETACEOUS.
Atlantic Border.

On the Atlantic border the Upper Cretaceous formation outcrops from
Martha's Vineyard, along the islands south of New England to New Jersey;
thence it continues southward, in a narrow belt by time west side of the

It occurs in North and South Carolina only
Tertiary to southern Virginia.
in small patches. Near Macon, Ga., a belt commences north of time Tertiary
area, which widens westward, and, on approaching the Mississippi valley.
spreads northward up its east side to the Ohio near Paducah ; where it
crosses the river and narrows out in an area of sandy clays and " muicaceous
sands" like those of the Kentucky Cretaceous beds. The rest of the Missis
sippi Bay of the Cretaceous Period became covered later by Tertiary beds and
fluvial deposits.

The formation along the New Jersey coast includes at bottom a fresh
water group, called the Raritan, and, above this, beds of greensand or marl
interstratified with beds of common sand, clay, and occasionally of marine
Remains of Reptiles are sometimes found in the upper beds, and
shells.
occasionally a complete skeleton.
The subdivisions as laid down by 0. H. Cook are given in the following
table; and the epochs to which they pmohaily belong are also stated.

MESOZOIC TIME-CRETACEOUS.
4.

L.unii

81

EPOCH. -

1 ssihlv here the Upper Greesaiil, Manasquan
Unrt'in.eseuted
group of W. H. (!lark: 1.5 to 2() feet thick of greeusaiid, with above,
sandy clays and blue mail ; fossiliferous.
3.

MONTANA on 11,i ILE'V Eiocii.
2. JThldle Greeimsand, Ra.ncooa.s group of Clark: about 45 feet of
marl, with as much of yellow sand above; fossiliferous.
1. Lower Oreensand, Navesink group of Clark: 30 to 45 feet of
greensand, and above this a red-sand stratum, 100 feet thick; with
below Clay mans, 250 to 300 feet.

2.

CoLo1ADo Ei'ocn. T.Jnrepresented? or perhaps the Clay mans.

1..

DAKOTA EPOCH. Raritan group or Plastic clays: thick beds of plastic clay with
some interstratified sand-beds; more sandy above; 350 feet; fossil
leaves and liguite, especially toward the base (one third of the thick
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ness froni its base in New Jersey) ; shells rare, and these freshwater
of the genus Unio, or brackish-water Gastropods.

The Raritan group is proved by its remains of plants to be the probable
equivalent of the Dakota of the Continental Interior; and the Lower Green
sand group, by its fossils, as well brought out by Whitfield, to be the equiva

lent of time Ripley group of the Gulf border. Whitfield refers to the same group,
but doubtingly, the nearly unfossiliferous Clay mans which lie below it. The
Upper Greensand group graduates, without a break in the stratification, into
the overlying Eocene Tertiary, as if its formation were, like the Upper Lara
mie, the closing work of the Cretaceous period. If not so, the Laramie epoch
is not represented on the Atlantic border.
The Lower Greensand is the most fossiliferous of the series. Whjtfield
has described from it 19 species of Cephalopods, 127 of Gastropods, 155 of

Lamellibranelis, and 2 of Brachiopods, or a total of 303 species, against 47,
under the same tribes, from the Middle and Upper Greensand groups. Not
withstanding the unbroken passage o1 the Upper Greensand group into the
Eoceue Tertiary, out of the 79 Eocene species of Mollusks described by
Whitlield, none occurs in the underlying Cretaceous.
The clay of the Raritan group is partly pure white clay, but it varies to

gray, yellow, and red in color, owing to traces of iron oxide, and in some
places to black in consequence of disseminated fragments of lignite which
had been gathered from some lignitic bed. In general, it is not laminated
clay, like that of nearly all river valleys, but a massive clay free from lami
nation and of remarkable purity. The. best of it has great value for the
manufacture of fine pottery and other .u1-poses.
'['he Taritan formation, with its massive clays of various colors, occurs
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It includes the clay-beds of northern Long Island,
which are well displayed at Glen Cove, and at various points between this
place and Huntington and farther to the eastward; and also part of the
also on Staten Island.

clays of Fisher Island, Block Island, and Martha's Vineyard. Gay Head,
the west cape of Martha's Vineyard, owes its natne to the variously colored
clay-beds.
The several beds of greensand, or marl, consist of common sand and black
ish to olive-green grains of glauconite - a silicate of iron and potash made
chemically within the cavities of the shells of Rhizopods, Corals, and other
marine organic materials. The bluffs after a rain often look black or green
They are called marl-beds because the material is useful as a
fertilizer. The fertilizing properties of the marl, according to G. H. Cook,
are not due to the potash of the glauconite, but to the presence of some
ish black.

lime phosphate.
The fresh-water origin of the New Jersey clay-beds is generally recog
nized. The absence of lamination and the thickness indicate, not river action,
but the existence of quiet fresh-water areas parallel with the New Jersey
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seacoast and that of southern New England from New Jersey eastward as
far as Cape Cod, or about 300 miles. The coast-line may have been some
miles distant to seaward.
Rivers were not the transporters, for they do only

coarser work. No river in New England, where feldspathic rocks abound, is
now making such non-laminated clay-beds. Only small streamlets and rills
could have been concerned; and the feldspathic rocks must have been near

For New Jersey the Triassic granitic sandstones may have been the
feldspathic rocks at hand; and for Long Island and the islands to the east
ward crystalline rocks were not far away to the northward.
The bleaching
by.

of the deposits in the case of the white clay-beds required the action of
carbonic acid or organic acids proceeding from the decomposition of beds
° peat or leaves underlying the Raritan or intercalated with its layers;
for the clays from granitic rocks always derive a tinge of iron oxide from
the black mica and other iron-hearing minerals among their constituents.
The origin of the clay-beds in all these particulars was very much like that
of those of the coal-formation (page 665).
After the making of the Raritan beds, the sea regained access, as the
marine shells evince, to the shore region of the Atlantic l)order; and this
was the first submergence of the border since the close of the Lower
Silurian.

The

geanticline, which was
Paleozoic, at last had disappeared.

probably

increasing through

the

The beds of greensand are supposed to have been formed in moderately
deep waters off the coast. The least depth required for the production of
greensand is not known.
Ehrenberg, who first discovered that the grains of glaticonite often have the shape of
casts of Rhizopod shells, also detected them in the bones of the Zeuglodon of the Ala
bama Tertiary, which were probably in shallow water when the formation took place.
J. W. Bailey reported in 1856 their occurrence in the cells of recent Corals and ithizopods,
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over the sea bottom near Cape Hatteras, at depths of 40 or 50 fathoms. Similar facts
were obtained abundantly by the- Challenger" Expedition, as mentioned by Murray. But
glauconite grains have been observed also as a covering of stones and in their clefts, and
sometimes as the coloring material of concretions of silica in the form of opal (Cayeux).
The ingredients for maKing glauconite must be derived from the sea water or sea bottom,
or partly from organic matters at hand. It has been suggested that the silica may, in
some cases, have come from minute sponges that had previously grown in the cells which
it occupies.
The equivalency of the Raritan clay-beds of New Jersey and those of Staten Island
arid Long Island was announced in 1843 by W. W. Mather, on the ground of their resem
blances. It was proved for Staten Island and Long Island from the fossil leaves, by New
berry in 1874, and for Martha's Vineyard by C. D. White in 1890. Since the latter date
the number of known Cretaceous plants has been increased by the discoveries of A. Ho!
lick. Newberry pointed out the identity of some of the Raritan plants with those of the
Dakota group.
Northern Gu7f Border.
The Upper Cretaceous beds of Alabama and Mississippi, in the northern
Gulf border west of the Florida peninsula, comprise the following groups: 4.

LARAMIE EPOCH. Not represented.
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3.

MONTANA OR RIPLEY EPOCH. Ripley group: hard white limestone 200 to 300 feet thick, often
sandy, with but little greensand or glauconite in the beds.
Also the upper part of the Rotten limestone.

2.

COLORADO EPOCH ? Lower part of Rotten limestone: hard or soft chalky limestone;
total thickness of Rotten limestone 500 to 1200 feet.

1. DAKOTA EPocH?; possibly Lower Colorado. Upper Euta?o beds of Alabama; Tombigbee sands of Mississippi.
The limestones on the Gulf border diminish in thickness to the eastward
and fail wholly in Georgia, where, according to J. W. Spencer, the Florida
axis probably determined the eastern limit of the Cretaceous belt. The beds
in that state consist of mixed clays and sands, and are about 1385 feet thick,

with few fossils.
They look, according to Spencer, as if made from sedi
ments of fluvial origin.
The Ripley group, as brought out in Whitfield's paleontological report, is
the equivalent of the Lower Greensand group of the New Jersey Cretaceous,
and of its continuation through Delaware, Maryland, and North Carolina.
In view of the much better preservation of the fossils on the Gulf border,
Stanton speaks of the Ripley fauna as having this wide range. The number
of identical species along the Atlantic and Gulf borders is large, as shown in
the lists of species given beyond.
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In Tennessee and Kentucky, the Ripley group is represented chiefly by micaceous clays
and sand-beds; and, while the thickness is 400' to 600' in Tennessee, it becomes a few
scores of feet in Kentucky.
Below it, in southern Tennessee, lie 200' to 31)0' of beds, sparingly calcareous, repre
senting the Rotten limestone, and at bottom, the ''Coffee sands of Safford, 201)' thick"
which are Lower Cretaceous. The age of the beds below the Ripley group on the Gulf
border, as Stanton remarks, is not clearly defined by the fossils, and the Ctdorado C1)OC11
is therefore not known positively to be represented. The Rotten limestone contains many
Ripley fossils. During the Laramie epoch, according to White and Stanton, the Atlantic
and Gulf borders were probably somewhat emerged, the Ripley beds being covered directly
by beds with Eocene fossils.
TVesteru Gulf Border.
In Texas, the Upper Cretaceous beds are 2000 feet thick (R. T. Hill).
There are sand-beds and clays at base which are non-marine; and above these
thick beds of limestone with much chalk, followed by mans and greensand.

They extend northeastward into Arkansas, and westward through the Trans
Pecos region and its mountains, to northeastern Mexico, where they occur
in the states of Chihuahua, Coahuila, and Tarnaulipas, chiefly along the
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mountain region between Presidio del Norte and Tampico, resting on the
Lower Cretaceous conformably, although upturned.
The subdivisions, as determined by Hill, are as follows: 4. LARAMIE EpocH.
Lara'inie series in western Texas.
3.

MONTANA EPOCH. Exogyra ponderosa mans, with glauconitic (or greensand) beds
(Navarro beds, Eagle Pass beds) above: chalk, overlaid by marls
and greensand.

2. COLORADO Epocir. 2. Austin limestone, or Austin-Dallas chalk; 300 to 500 feet thick.
1. Eagle Ford shales; 500 feet thick.
1.

DAKOTA EPOCH. Lower Cross Timber sands; 300 feet thick.

The beds are marine, excepting the sand and clays of the Lower Cross
Timber sands, and some beds of the Eagle Ford shales. The fossils are all
different from those of the Lower Cretaceous beds. The Glauconite group
contains over 40 species of fossils, identical, according to Stanton, with those

of the Ripley fauna, and many also of the species of the Montana group in
the Continental Interior.
C'ontineutal Interior.

The Cretaceous beds of the Interior Continental Sea were early studied
by Meek and Hayden, and their subdivisions in the main are those still
in use.

MESOZOIC TIME -CRETACEOUS.
4.
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LARAMIE Ei'oci"i. 2. Uper LarcTmie or Denver qroup: fresh-water beds of sand.
stone, conglomerates; and partly of eruptive material (andesytic,
etc.) ; with or without coal-beds.
1. Lwcer Larainie: fresh-water beds of coarse, friable sandstones,

often cross-bedded, with clay-beds; occasional fossiliferous brackish
water beds; with beds of bituminous coal, in some places "15 to 20
coal-beds in 1000 feet;" thickness 1000-5000 feet.
3.

MONTANA Epocii. 2. Fox 111/is group: sandstones and shales with many marine
fossils; maximum thickness, 1000 feet.
1. Fort Pierre group: plastic clays, sand-beds often with limestone
concretions; marine fossils; maximum thickness 7700 feet.

2.

COLORADO EPOCH. 2. Nwbrara group: calcareous marls, chalk, shales, sandstones,
with limestones; marine fossils; maximum thickness 2000 feet.
1. Fort Bent.on group (near Fort Benton): laminated clays, lime
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stone, with marine fossils; maximum thickness, 1000 feet.
Probably includes the Coalville coal-bed, with 1500 feet of the
lower part of the Coalvile group.
1.

DAKOTA EPOCH.Dakota group: sandstones, clays, some lignitic layers, with con
glomerates sometimes at base; fossil leaves abundant, and other
evidences of fresh-water origin, and little of brackish or marine
waters. Probably includes the Bear River coal-beds.

The grouping of the subdivisions adopted above (which accords with the
results of Meek's paleontological work) and the terms used are those of
U. H. Eldridge. The name, Lijn (tic, used by Meek and Hayden for the
Upper division (which they made Lower Tertiary), was changed by King
Subdivisions of the Laramie into Lower and Upper is
in 1878 to Laramie.
based chiefly on the work of Cross (1838 and later).
As Paleozoic
The Cretaceous was the coal period of western America.
time, the era of exendecl continental submergence, closed with the slow
emergence of the eastern half of the continent, so Mesozoic time, the era of
extensive submergence of the western half of the continent, closed with the

slow emergence of this western half. And the later coal-beds, like the earlier.
mark long periods of small emergence and persistent marshes in the alter
nating conditions of level. The Upper Cretaceous affords coal at different
levels: at Bear River, western Wyoming, and at Mill Creek, British America,
in the Dakota group; at Coalville, Utah, in the Colorado group (Stanton)
and at Jiumivegan. Peace River region (11i.° W., 560 N.) (Dawson') ; in the
Belly River region, north of Montana, on Vancouver Island, at Nanaimno and
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Comox, and in the Bow River region, north of Montana, probably in beds of
Montana age (Dawson).
But the coal-beds are mostly in the Laramie formation. They are worked
In Colo
for coal in Colorado, Utah, Wyoming, Montana, and New Mexico.
rado alone the coal-fields have an aggregate area of about 18,000 square miles
(R. C. Hills, 1892). The beds are often five to six feet in thickness, and
one at Evanston, in western Wyoming, has been described as 26 feet thick.

In British America, at Edmonton (113-° W. 53-° N.), and in the Souris dis
trict, there are Laramie coal-beds.
In Gunnison County, Col., at Crested Butte, a bed of anthracite five feet
thick is worked; and in New Mexico, at the Old Placer Mountain, eight miles
east of San Antonio, is another locality of anthracite. The anthracite is a
result of alteration by the heat of eruptive rocks.
To appreciate the position and width of the Cretaceous seas over the
western Continental Interior during the Colorado and Montana epochs, and

especially the Niobrara portion of the former, the reader should refer again
to the map on page 813; and, still better, to some colored geological map of
North America.
Their eastern border extended, from what is now western Texas, east
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ward

and

northward

over

central

Kansas, and

thence

along eastern
Nebraska and Dakota into British America. In the western portion of
these interior waters there were the large Archean islands of the protaxis,
high lands and low lands varying in limits with oscillations in level, which
were mostly forest-clad, and well populated, as evidence shows, by Mammals,
Amphibians, and Reptiles, the Reptiles taking the lead in size and power.
Beyond these islands the seas spread still westward over nearly all of
Wyoming and Utah to a line passing southward through Great Salt Lake,
where the western shores lay along the lands of the Great Basin.
In the progress of the Upper Cretaceous, the non-marine Dakota epoch
was followed by a second, the COLORADO, in which the Interior sea gradually
attained ocean-like conditions, and was inhabited by great Mosasaurids or

Pythonomorphs, and Sea-Saurians related to the Plesiosaurs, as well as
Sharks and Saurodont Fishes. Even before the Niobrara beds had all been
S. W. Williston states that
deposited, a shallowing had begun in Kansas.
in the beds of Kansas Invertebrates abound; that Reptilian remains are
unknown in the lower part of the Niobrara beds within 100 feet of the base,
"
but higher up are common fossils.
Species of two or three genera of
Mosasaurs occur at different levels. but those of Clidastes [Edestosaurus
of Marsh] only in the upper part.
Turtles are rare in the lower portion.
while very common in the ii pperiiiost beds.''
This shahlowing was gemui'it1 over the Continental Interior as the Colorado
Moreover, the Colorado fauna, in some unexplained way.
epoch closed.
disappeared.
During the Montana epoch the waters, however, were still
salt, and marine life was abundant, and imu'lu(le(l Plesiosanrids.
But the
shallowing was continued; and in the following Laramie epoch time waters
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were, to a large extent, fresh, and only occasionally, or else locally, brackish.
Moreover, at many intervals, great areas emerged which were speedily
covered with marshes and forests in the warm and moist climate, and thus
peat-beds were made, which later became coal-beds.
The length of the Laramie Interior Sea in this condition was nearly 2000
miles, it reaching to the parallel of 57° N.; and another, the Mackenzie valley
area, opening on the Arctic Ocean, was 500 miles long. The southern of
these Laramie areas was probably tidal as well as the northern. For the
width south of 49° N. was 600 to 800 miles, - which is too great for fluvial

waters. Besides, the strata are generally cross-bedded in stratification, and
they include occasionally conglomerates, proving seemingly strong move
ments in opposite directions, and at tunes in some parts violent currents.
Moreover, although the waters were generally fresh, still Sea-Saurians, Sharks,
and other marine species occasionally ascended to Dakota and beyond.
The bay received the drainage from all the bordering lands for the 2000

miles from the Mexican Gulf to the limit of the Laramie beds in British
America; and hence a great amount of fresh water flowed southward toward
the outlet.
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1-fence the tides from the western part of the gulf generally carried
in salt waters for a short distance only, and thence the tidal movement
was propagated northward by the fresh waters.
But occasionally the

Gulf waters were able, through a subsiding in the land, to flow far north
ward, and let in the Sea-Saurians, and Sharks, the Oysters, and other Sea
Mollusks, so as to make the brackish-water fossiliferous beds of the Laramie
The spawn of Oysters and other Mollusks would have been
formation.

rapidly transported.
If the above explanation of the conditions in the Laramie epoch is
correct, the distance to which the salt waters of the Gulf were carried in
westward and northward, whether one mile or many, is a subject for investi
The Laramie beds derived their material from the land on the
gation.
The existence of Paleozoic and Mesozoic rocks
borders of the Interior Sea.
of various ages about the base of the Black Hills, where there is also the
Cretaceous formation, indicate how the other adjoining Archean lands may

have been skirted, where now covered by Tertiary beds and those of the
later Cretaceous.
The Upper Laramie or Denver group was first defined by Cross and
Eldridge in 1888. It derives the latter name from its distribution about

the city of Denver, east of the Front Range (Archan) of the Rocky Moun
tains, where it overlies the Lower Laramie. It is described as resting on
the latter unconform ably, - the unconformity being, however, not that of
bedding in a marked degree, but the unconformity consequent on the previous
erosion of the beds on which the formation was deposited. The upper por
tion in that region, 1400 feet thick, consists largely of the debris of eruptive

rocks, mostly different kinds of andesytes; while the lower part, 800 feet
thick, distinguished as the Arcvpalwe beds, is mostly made up of conglom-
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erates formed out of various older stratiht'd rocks, some identified as Carboniferous by their fossils.
The uC(UiL'flcC of CVII P'" debris in time L;mramje
beds of other regions has been regarded as a rohal,li' sign of Denver age.
The

plants include species not found for tin' most part in the Lower
La,ramie.
The Denver group has afforded 1-turned Dinosaur.,; (Ceratopsids)
and other kinds, showing their Mesozoic relations.
Ordinary Maimimitals are
absent, and all other evidence of a Tertiary fauna..
To the Upper Laramnie are referred, by Cross, - on the ground of the
plants (studied by Knowlton) as well as the eruptive comIglomueratA's and
unconformity at base chiefly by erosion, - beds in the Middle Park, and at
other localities, from Greeley, Col., to the Ratomi Mountains in New
Mexico; and beds about Livingston, in Central Momituia, called by \V. 11.
Weed the Liviigston beds (U. S. 0. S. Bulletin, No. 105, l89). The latter,
as described, have a thickness of TOOt) feet, and rest over 1000 feet of Laramie
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beds, but were deposited, like the Denver, after a time of extensive erosion,
and therefore the conformability is not perfect. Time group, however,
according to Weed, has a brackish-water, oyster-bearing layer, which is well
packed with oyster shells, Laramnie-like, at a height of 200 feet above its
base, that is, above the plane of extensive erosion.
In southern Wyoming, along Bitter Creek, in the vicinity of the Union
Pacific Railway, near Haliville, Black Butte, Point of Rocks, Rock Spring,

and elsewhere, the Lararuie contains a number of coal-beds.
South of Black
Butte there are nine or more distinct coal-beds; and between two of theni
were obtained remains of a Horned Dinosaur (Agathwnnas of Cope).
Beds in eastern Wyoming, called by Marsh the "Ceratops beds," are
referred, with a query, by Cross to the Upper Laraniie, because of the
presence of Ueratopsids in both; but to the Lower, by Marsh. They rest on
400 feet of sandstone conformably, and the sandstone directly on Fox 1-tills
beds, and contain no eruptive debris. Besides Horned Dinosaurs of several

species, the beds have afforded remains of other I)i,iosaurs related to the
Iguanodon and Megalosaurs, and of Marsupial amid Oviparous Mammals.
Above the stratum containing the fossils there is a bed of coal, the Shawnee
coal-bed, 10 inches thick.
'Judith River'' beds in northern Montana, first described l)
1 lavilen
and Meek, afford Dinosaurs of time same genira, according to Marsh, as time
Ceratops beds, besides many others, including I'leswsaurids ; and also re
mains of Sharks, Chiiiiueroiils, (anoids, anti, as other evidence of brackish
water conditions, shells of O.treu, inoniu, Go,bie,,Iu. ('oibula, and (;onib
ciSis.

The Fort Union beds, near the. border of North Dakota and Montana, have
been referred to the Upper Lam-amnie and also to the Tertiary.
They are of
doubtful relations.
The most eastern '' Lign itie '' l,('(ls referred to time La rain ic are those of
South Dakota, near
ivci, west of the Missouri. ill 14 11' \V.. where
remains of two l'Iesiosau rids have I eeim found, l'lio.u
ic1 u.s, and
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Tlic subdivisions nt tlie Rocky Moiinlnin Cretaceous, including tlie Lammie, were first
clescrib~tlby H i l ~ i l c nmid Meek. Their papers commenced in 18511, and appeared at intervsila for 20 years. Mcok's Report, 011 l.hu fossils, in which the strn.tificiition is reviewed,
constitute! v d . is. of t,he IX~portsof Lhe JLiyil~n Exliedition (1876). Their subdivisions
were dm l)akot,;i, Fort Henteni, Xiolhrnr,i, Furl Piprrc, and Fox Hills. '1'1143 Tertiary sett.ioii in t lit? " Upper Missouri rqinii," ticscribr~d by Meek atlil IIn~-tleti, coiiti-iined :
( 1 ) Dsikota grwp, -100' ; (2) Fort, lk-n t u i i , 800' ; (:I) Sit*riirn, 200' ; (4) Fort Pierre, 700' ;
mcl (5) FIX Hills, 500'. 0. I?. Eltlridyc in 1889 grnnpcd the divisions into tlie three:
( 1 ) Dakota.; (2) CoIiti-mkt, ;ind (3) Moiitiina. C . A . White hndenrlierrccugnized (187ti)
the s a n w gnmliiiig under the nnmcs Dilkotii, Oiloratlo, aitd Fox IIiUs.
Tin.' Coloriulo t'ort~ititionam1 its reliitions to the otlier divisions of the Cretaceous have
been r ~ v i ~ w r iiuk%siil
cl
by .'l W. St,iiiil.oii; and from Ins wpiirt of 189:! in;iiiy of the following faeta mv taken. 'I'ltt- tliinkrwss nf the Upper Cretacecins w r i ~ sit.
~ s the Ulack Hills is
I ~ s thim
s
lOOO' : (1) t3ir T>:ikotn. 250'4Oft' ; (2) the Citlnriulo, SODt-5iK)' ; (3) the Montana,
liW-250' (11. Newton). In Cinnabar Mountain, Montana, the total ll~iekncss,according
to IVet'il, is x ~ 4;i00t
U : ( 1) the Dakota, QW ; (2, 3) the Colni-sido i i t ~ lMoiitann, WW ;
(4) t Sic^ 1,ar;ini ie, !BSf. ^(?.st of the 'Front Kilngc, in Coli:ir;uh),?c Dakota outcrpps a t the
b i l ~ eoE the rangu, ninl. ontsi~loor this, t . 1 (~ ~ l i e rlattbr grotips in snccession, as tirst sltown
by Marviiie. In the Denver nbgion H I ~ T P sire : ( 1 ) Dnkoin, :3tW ; (2) Culorado, 1100' nf
which -100 is Fort Beiitiin :in11700 Ninl)i\'i~.i; (3) ?Iont:ina, 8700'. nf wliicli the Furt Picrre,
7700t, ninl Fiix H ills, NOr-lOOO' ; (4) tlie Lnmn~iew i l l i (lie Dru vt~rgroup, L'OOOf. The
thickness di nnn islies soiitli ~ i m l am1
,
hvlwceii C:ICoil (.'it-y ;iin1 I ' i ~ l ) l ~ ton
,
the Arkansas
River, tin- Montana group is but. WW thick. The section s i L Coiilvillr, ill L'tsili, according
to St tint t i n , which is pi-rtilhn- in ~(uitiiining
a gresil c o i i l - l ~ ~in~ ~l h rColorado portiun, CINIslits .is follmvs : (1 ) Dnkiidi, 5000V ; (-2) Colorsulo, l&W-lGliUr,iimstly sili~lstotieand
fossili feroiis, lint with :I Inhiivylied of coal fit the top of thv Inwi-r strnlnni of 500' to f)OOf ;
(3) Miin l . i i i i ~ i ,silt(-mtd S0OOt, of sim<lslone nnd slinles, -ivith prnhably 1500' of beds above ;
find in f lie part rcffrreil 1.1) the Miiiilsin~igroup 4in ,ieconiit of tlie inarine fossils, there are
some thin iilaiik boils, the fossil plsm ts of which aiv in iiiirt. 1,ar:iinie.
The Knii-s Crctiicroiis consists, i i c ~ a r d i n ~S.~ o1V. Willifit-on, of 350' t o 400' of
Thltitl.i b d s . 30tti to 4lX)' of ovcrh-iiig sli:ik~
i 1 i ~ lI i i l ~ ~one
s l of Llie Benton group, and 400'
to 4.3f of cltnik :nnl otltcr bmls of tlic Niobrar.1, iliiikiii: tlw fulttratlo series 700' to Sou*
in ~liit~knoss
; am1 iiliove these, 60' to 100' of lwds of the 11niil:inii group. The Lariiinie
is absent, the next. beds iibnve Iming those of the Lonp Fork Miocen~Tertiary.
Xewbcrt-y tlivhlei.1 the Crr-tncecins or New Mexico into : (1) Ilnkotii, 250' t o 401)';
(2) Colormlti, 1200' t o 1501V ; aiiil (:^ Montana, 15001, part, of the Laramie being liere
probably i i i c l i n l ~ t l . ( " M i i ~ o ~ iE.rp!.
b ' ~ Evp., with a, review by Newberry of the conclusions
he ~trcseiiteclin Lit'iittj~iinfc Ives's l i i - b p . on llic Colorado River of Hie West.)
Tlio VJ.V o f Hie L n r n n i i ~l.'ii~ds(or tlie Lignit-ic, as l.liey were csllcd), wlielher Tertialy
or C r ~ l f i ~ c n uwns
s , left, niiilc~~iilf~tl
l ~ yMeek in liis n5pnrt,t i f 1870. To Hn.' Lignitic horizon
hi- ~ d ~ w cthe
r i ,Tv<1ft.fi V i i group,
~
nceurriiig at the inoutli of Judith Hivcr in ilonlani~,
linving there a thickness of a b w t -I15' iiiul cmsistiiig, Ixpginning below, of sands and clays
wit.h { r ~/(),
, 100' ; impure ligiiit c, W ; ssitul stlid clay-beds with shells and Di~iosnin'iai~
rem:iiiis, 100' ; ssiiitl :nu1 vl;iy, WO' ; itnpnre lignite with Osln'ii, 10' ; silnily marlwi~lisome
lignite :ind species uf Ostreu, Corbicutit (3 species), Gwiobtisis, s-iilt-\~iU~-r
species, 801.
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The Fort Union group (first examined by Hayden in 1860) also was placed in this
connection by Meek, on the ground of its fresh-water shells and lignite. The group was
estimated by Hayden to have a thickness of 2000'. He reported it (1871) as extending
southward from Fort Union, across the Yellowstone between the Black Hills and Big Horn
Mountains, and northward into British America; but the conclusions were not based on
a full study of the region. The 150 feet of deposits exposed near Fort Union include three
beds of impure " lignite," 1', F5', and 4 inches thick, alternating with beds of indurated
clay and clayey sands, 20' to 70' thick containing occasionally land shells and some leaves.
The age of the Fort Union beds has remained doubtful. Newberry (1590) separated it
from the Laramie on the ground of differences in the plants; L. F. Ward refers it on the
same ground to the Upper Laraiuie.
The beds in Middle Park, Col., referred to the Denver horizon by Cross, consist
largely of andesytic breccia, sand-beds and conglomerates, and are 800'_OOO' in thickness
(Marvine). They rest on upturned Cretaceous strata.
Underneath the Fort Pierre group in the Belly River district, Canada, fresh-water
beds occur containing fossil leaves, which have been called the Belly River group. The
plants are in part identical with the Laramie (Dawson, 1886). The 1)uuvegan beds, on
Peace River, are supposed to be of the same age. A large area has been referred to the
Larainie in British America extending from the United States boundary to the 55th paral
lel, and eastward to 1110 \V. ; in it have been recognized a Lower Laramie or St. Mary
River series; a Middle, the Willow Creek beds; an Upper, or Porcupine hills beds, which
correspond in fossils to the Souris River beds, just north of the United States boundary.
A more eastern area extends from 49° N. to 51° N., between 102° and 109° W.
In Manitoba, Central North America, the Cretaceous formation is nearly 2000' thick;
and the Montana group contains in its lower part many Rhizopod shells with some Radio
larians. The thickness of the Dakota beds in this region is 13' to 200'; of the Colorado
beds, 200' to 700'; and of the Montana, over Q, The Cretaceous rests unconformably
on the Devonian (J. B. Tyrrell, 1892). Fossil plants from Laramie beds in the Mackenzie
River have been described by Dawson (1882 to 1889) and identified with others from
Alaska.
Pacific Border.
On the Pacific Border, the Upper Cretaceous, or the Chico beds, occupies
a broad belt extending originally from Lower California northward beyond

the Queen Charlotte Islands. It formerly covered the region of the Coast
and Cascade ranges, reaching the western base of the Sierra Nevada in Cali
fornia, and of the Blue Mountains in Oregon.
upon the map on page 813.

Its eastern limit is indicated

The Upper Cretaceous of California includes only the Chico beds of the Shasta-Chico
series. The Tejon, which Gabb considered Cretaceous, has been shown by Conrad,
Heiiprin, and White to be Eocene. The Wallala beds of White and Becker (188),
according to Dali arid Fairbanks (1893), are only a phase of the Chico. The Chico beds
are exposed upon both sides of the Sacramento valley. Thence they extend southward
near the coast to Lower California, according to Lindgreii and Fairbanks, and northward,
with local interruptions, to Jacksonville, and Riddles, Oregon; and beneath the covering
of later lavas they are supposed to connect with the Chico of eastern Oregon (Duller). The
lower portion of the Chico beds consists chiefly of sandstone and conglomerate, and ranges
from 900' to 1400' in thickness. In the upper portion shale predominates, excepting near
the shoreline where the sediments are generally coarse. The greatest thickness of the Chico,
according to Diller, is nearly 4000' in Tehamna County, Cal.; it thins out northward and
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eastward, overlapping toward the Cretaceous shore, beyond the Knoxville and Horsetown
beds, which form the lower part of the Shasta-Chico series. The Chico thus comes in un
conformable contact with the Jura-Trias and Carboniferous and extends inland from the
Lower Cretaceous, as indicated upon the map, to the (lotted line. The subsidence and
consequent transgression of the sea that gave rise to the landward overlapping of the
later beds of the Shasta-Chico series began soon after the great upheaval at the close of the
Jurassic, and continued to at least the middle of the Upper Cretaceous (1)iller).
In the Tertiary the Tejon beds of California are conformable with the Chico, and they
were regarded by Gabb, and also by White, as faunally continuous. The Tejon is absent
in northern California, and in Oregon it rests unconformably upon the Shasta-Chico series.
(Diller, 1893.)
In Washington, the Puget group of White, underlying the Tejon, is a non-marine
formation containing beds of coal. It extends from near the Columbia to the Puget Sound
region, and is several thousand feet in thickness. From its Molluscan and Plant remains
it has been supposed by Newberry and White to represent a part of the Laramie or 'J'ejozi
group. Baeulites Clucoensis shows the presence of Chico beds on the Snoqualmie and
other rivers at the western foot of the Cascade Range. The same beds are found at Lucia
Island, just north of Puget Sound, and connect with the coal-bearing Nanaimo beds of
Dawson upon the eastern side of Vancouver Island. Their correlation with the Chico of
California is well established by fossils. (Diller.)
In Vancouver and Queen Charlotte Islands, over the Lower Cretaceous, there are
(1) the Middle Cretaceous, consisting of sandstones, shales, and conglomerates (which are
9700' thick in the latter), and (2) Upper, consisting of shales and sandstones
(I&O0' thick
in the latter). G. M. Dawson (1880).
In Greenland, the plant beds of the vicinity of Disco Island, described by Heer, above
the Fromé group, or Lower Cretaceous, consist of (1) the Atané group of the Middle
Cretaceous, corresponding nearly to the Colorado group, and (2) the Patoot group of the
Upper, corresponding nearly to the Montana group.
LIFE.
1. LOWER CRETACEOUS.
PLANTS.- The beds have afforded the earliest remains of the modern
group of Angiosperms.
They are associated with many species of Cycads,
and the flora has therefore a transitional character between that of the Jurassic
and the Upper Cretaceous.
Remains of more than 300 species have been
described by Fontaine from the Potomac formation (U. S. 0. S., 4to, 1889).
Among them are 75 Angiosperms, 22 Cycads, over 90 Conifers, and 140
In 189-1, 30 Cycad trunks were found in Maryland.
Ferns.

Some of them occur in the Wealden (or Neocomia.n) of England, as
Pecopteris Brownianu, Aspuhuin. Dunkeri, Sphenopteris JIIantelii (Fig. 1353),
and two Conifers of the genus Sp/tciioiepidiuin.
Four of the nine species of
or
to
Redwood
which
the
Sequoia
(the genus
giant trees of California belong)
with
described
1-leer
from
the
older Greenland Cretaceous.
agree
species
by
The Cycad trunks of Maryland are of the species Cqcacieoklea Moriandjca
No species is identical with any of those from
(Tisonia Jf. of Fontaine).
Triassic beds.
The Angiosperms include species of Ficus (Fig. 1351) or
Ficoph ilium, Sassafras, Aralia, Myrica, Platanus (or Plane tree), etc.; and

several of the genera, as those of Ficophyiluin, Protiphyllum, have
compre-
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hensive

features, indicative of earl
forms.
The ON-cad genus. Di&ites
13()),
occurs
in
the
Neoconnan
of
(Fig.
Euro1e (at Werii sdoit) and is very
common in the Potomac beds.
Fontaine says, in his eonclusin, that the
flora ranges from the Weahien through the Neocoinian, and includes some
later (Cenoiiiaiiian) forms. All, or nearly all, the species are absent from
the later Cretaceous beds of New Jersey.
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1350-1353.

PLANTS OF THE POTOMAC GROUp. -CYCAD.-Fig. 1850, portIon of a frond f Dtoönttos Buehianus.
ANGIO-SPERMS.
-Fig. 1851, Flcus Virginleusls; 1852, Proth?iphyilum roniformu. FERN. -Fig. 1853, Sphenupterls
Mantelil. All from Fonta1n.
The plants of the Trinity beds of Texas are to a large extent identical,
according to Fontaine, with those uf the lower Potomac beds (1893).
They
include Cycad stumps named CI/eudeo(ieu mu ii ifa ) ('ra gui.
C!/eu"leoiIlca
Jen.ne!/unf( of L. F. Ward occurs in the form of stumps at the Black Hills, on
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the western border of South Dakota, in beds that are shown
by 'Ward to be
Lower Cretaceous, though formerly referred to the Dakota group.
The flora of the Kootatije beds, in British America, described
by Dawson,
includes no Angiosperms ; but the identity of other species with some of
those of the Potomac group is regarded as sufficient evidence of
equivalency.
Some of time kinds are here represented. Fig. 1354, Sequoia Smittiana of
Heer, common in the Greenland beds; 1355, Salisburia Sibirica, a
species
described by Heer from the Lower Cretaceous of Greenland; and 1356, the
Cycad, Podozamites lanceoifftus Lindley, a species that is found also in Siberia,
Sweden, India, and China, and appeared first in the Jurassic. The same
species
occur in the Kootanie beds of Montana, as first observed
by Newberry.
Cretaceous plants from Cape Lisliurne, Alaska, were referred by
Lesquereux,
in 1888, to the Neocomian.
The number of species thus far described from
the region is 60 (Knowlton).
The Komné beds of Greenland afforded Fleer
of
Ferns,
Conifers,
a few Endogens, and but one Angiosperm,
species
Cycads,
Pop ulus pnmva.
The plants of the Kootanie beds include, according to Dawson, besides those of
Figs. 1354-1356, Dioönites borealis Dawson, Zamites Montana Daws., Z. acutipennis
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KOOTANIE PLM'FB. - CONWER8. - Fig. 1854, Sequoia Smittlana; 1355, Salisburla SIbErica. Cyau. - Fig. 1856, 6,
Podozamitos Jancooatus. 3. W. Dawson.
fleer, Saliburia nana Daws., Baiera longifulia Ileer, Glyptostrobus Granlandicus
I-leer, Taxodium cuneatum Newberry. (1-leer's species are all Greenland species.) From
DANA'S MANUAL-53
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Quteii Charlotte Islands he has announced Dio,,iees Cola nibfanu Daw.son. From the
Kootatije beds of Montana at Great Falls, Ncwbciry has described (18101) 5 species of
plants, and among I.hein. Znn ites Montana, Z. aeu(ip"sviis, Z. borealis liver, Z. (q)ertus
Newberry, i'oiloztmites uerei'sics Newb., Sequoia Snulliana Ileer, S. qraeilis Ileer, S.
Beichenbaeiii Fleer, and Sphenolepiiliuni Viryzmcum Fontaine. The last two are also
found in the Potomac group. From time Trinity group of Texas, Foimtiine has identified
some Neocomian species as Di&Jn ites Bachian us, D. Da nl.eria a us, _Ib jet j(es Liiihii,
and a species very near Sphenoprris Valdensis, besides several other species that occur
in the Potomac group.
ANIMALS. -Marine fossils are confined almost solely to the beds of Texas
and Mexico, and the Pacific Coast region; and these two regions widely differ in
fauna. The former was apparently tropical, while the
1357.
latter bears evidence of cooler waters, just as the Mexican

.
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Gulf and California seas now differ.
At present this dif
ference (as shown on time isocryinal chart, page 47) is
about 1G° F., owing to the cold currents that descend the
Pacific coast from the north; and it wus probably 10' or
12° in Cretaceous times, when like species occurred on that

coast from California to Alaska.
RIIIzoroD.-PateIlina
Texas.-The Coinanc]w beds are largely made of the
Texans. Rawer. minute shells of
Rhizopoils, and also contain the larger
Numnimilite-like fossil, the Palellinu (Orbituliles) Texana (Fig. 1357).
Echinoderms are represented by
1358.
species of Eim&laster (Fig.
1358). Peiidoiluidema, Heni-

,

Cula,
etc. , Bia ho
pols, by species of Tereb,aLamellibranclis occur of

the genera Gi~tlj)haa (Fig.
1351)), Exogyra (Fig. 1360),
which are

:

I

JJ

speci-mens of Exogyra J)O1idfrOsa
Ee!IINoJEit. - Enallaster Taxanu8, upper and under surface.
in Texas are nine inches long,
Rwwor.
anmi the shell four inches thick at. middle.
'I'vo species of genera related
to the modern c/ia gnu. rIm ii u" t the C retace )IIS, are Tht(liolites Te.ra a u. ( Fig.

1361, 13(31 a). red need from a length of 4.1 i ne)Ws. ani R('/?I '('I? ia ( citpriua)
Texana (Fig. 136). The genus Nerincu (Fig. 1363) is also cimara('teristie
of time Cretae'mnis.
Of the f ssiis of time Shasta group, ('au 1 rn Ia, the A gg/g. are ('Specially
characteristic.
The forms vary much, 1mII t all are ro' (erred tom oil..' P' ics
named by Gabb. it. I'ioe/iii.
Fig. 136-1 rci 'resents a common form of time
; spi'ci ,iui.mm.
A imother Sh)I'ei mmmcii
shell, and Fig. 13657 time smaller valve
figured has a height of more than two iimclics, while but little Wider t hall
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The shells are in great profusion in many localities, and are often
I'ig. 1(.
associated with Beleiuilles jpi.esus.
Fig. 1366 is from a small shell from
13694363.

1361

13160

-

11(1
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1363

1362

LAMLL1RRANdU. - Fig. 1859, Gryphna Pitched of Morton; 1860, Exogyra arietina; 1361, Radiolites TexanuB,
without tipper valve (x ); 1361 a, the lid-like upper valve; 1362, Requienia Texana. GASTROPOD. - Fig.
1363, Nerlnea Texana. All from Rwuier.
1364-1366.
1364
1365

MOLLUSK.

1366

Figs. 1364-1366, Aucolla Plochil.Gabb.

Mt. PiaNo, where they are rare. The shells fail entirely, or very nearly so,
of the radiating strie which characterize the Jurassic Auceila of Mariposa
(page ;:iU).
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Vertebrates. - Some
Potomac beds.
1367

scales

of

Ctenoid fishes have been found in the
But the Vertebrates of special interest are the large Reptiles::
a species relate(l to the
1307-1368.
Mo rosaurus, the .Astrodon
1368
,[ohiitünjj,of Leidy(1S65)"
and
the
other
Dinolv
Wits v(
P. aims, Priconodon

eras-sits,
.i.Illosaurus (?) medias,
and .iciurns g racilis, de
scribed by Marsh (1888).
Fig. 1367 represents a
side view of one of the

DINOSAURS. -Fig. 1867, Vertebra of P1enroolus nanus; 1808, tooth ofdorsal vertebre of PleuPriconodon crassus. From Marsh.
roclus nanus, and 1,368,
an inside view of a tooth
of Priconodon crassas.
of
the
On account
Jurassic features of the Reptiles,

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

the Potomac group has been referred by Marsh to the Upper Jurassic.
From the Lower Cretaceous of Texas and its continuation into Oklahoma
(formerly Indian Territory) five species of Pycuodont Fishes have been
described by Cope: .Ztfesodon diastematicus, 1W. Dumblei, and two species of
Uranopiosus and one of Glodus.
Characteristic

Species.

The fauna of Texas (and the country beyond to Mexico) has special interest, because
the region is the only one of the Lower Cretaceous in North America abounding in marine
fossils. The characteristic species are as follows, according to 11111:
1. Trinity group. - The Glen Thse beds have afforded: Ostrea Frankini Coquand,
1todiola Branneri Hill, Pecten S'tantoni Hill, Requienia Te.rana, Barbatia parva Missouri
ensis, Isocardia ,nedialis Conrad, Nat/ca pedernalis Reamer, 2reI.iflea Alist ineiisis
&emer; also, Crocodiles, Dinosaurs, Chelonians, and Fishes not yet studied. A bed of
chalk is composed of the ithizopod Patellina (Orbitulites) Texana It. (Fig. 1357).
2. Fredericksburg group. -The prominent fossils of its several subdivisions are the
following:
(1) The (;ryphcra rock and Jl'ulnut sands: E.rogyra Teaiia 1. (=E.
fiahellata Gol&lfuss) ; and, higher up, a bed iiiade up of Gr!,jilucn Piteheri (the small form
figured by Conrad). (2) The Conuvaelie Pe'i1e chalk-: P.'lodiadema Texanurn II.,
Enallaster Te.ranus 11., EYoy!/ra Te:rana, ('riphaa Pitcheri C'nrad (not Marcon), .Ian ira
occidentalis Con., Protocardium hula ii urn Sii'erhy, Xerirn'a arits R., Ammonites
"
Ilippurite
(Buchiceras) pedernalis It. (3) The ('aprina limestone, also called the
limestone: Yerinea Au.tinensis IL, N. eulirispira H., N. sithula ii., (criIh jam
Austinense 11., Trochus TeIOiLIIS H., Stilartuin j)lauorbis It., lf1)U()))lPi1(l mareida White,
31. piizguiscula White, Requienia patagifita White. h'hth?/Os(lrCflhithes ( (1aprina) (flignis
It., I. (?) crassifibra H., I. (1) plunatus ('on., 1?ailiolites ( Sjelurrulites) Te.ranns U
'ehlo'nhaeh ia clays, including lime3. IVashita group. - (1) The Preston beds.
stone flags, Gr!/pha'a tornienlata White (=(r'. Pitch en Maroou), and the Ammonite.
Schlnbachia Feruria,iq v. Iluchi. ; the I iiiiesti iie is file building material of old Fort
Par/n/f use us
Washita. (2) The Duck ('reek chalk, many Amuinin iils, among them
Brazoensis Shuni., SchkEnbachut Th'l/cnapi Marcoii, and 11am iO's Frenionti Marc'iu ; with
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isocardia Washita Marcou, Juoeeramus, Terebratula C/toctawensis Shum. (3) The Fort
Worth or Washita limestone: with 7'erebratula I eënsis IL, (Jidaris Texana R.,
Leiocidaris h.einiqranosa SImm., lioleetypus planatns R., .E'piasier eiegans Sltumn., Ilolaster
simplex Shunt., Ostrea carinata Lain., E.roiyra sinuala Marcou, Griipha'a Fitcheri
Morton, janira JVriyhtii Shunt., J'lieatula placunea d'Orb., Pleurotomaria Anstinensin
Shunt., Lima Kimball! Gabb, Nautilus elcyans Shunt., Ammonites (Mortoniceras)
Leonensis Ccii., Turrili(es Brazoensis H. (4) The Denison Beds of clays and linzestone
having at base E.eoyyra arietina R., Ostrea çjuadruplicata Slium., Gryplia'a Pitcheri H.
(hot Morton, which is G. mueronuta Gabb), the Ammonites Buclmieeras inwquiplicatuin
Shunt., lioplites Des1tayes Leym., and many other species.
Turbinolia Texanu is
abundant in the western exposures of the Denison beds, and the Ithizopod, Xoc?osaria
Texana Con., occurs throughout them.
Hill concludes from the fossils that the Trinity group is closely related in age to the
Wealdeim of Europe, and the Washita to the Lower Greensand or Gault.
The Hometown beds of California have afforded many species, described chiefly by Gabb
and Trask. Among them are Peeten operculiformis, Pleuromu lat'igaea, Xemodon Vancout'emensis, Yenta thqrmis, Nerinea dispar, Neil/ira jrandicostala, Lima Sliastae,isis, and
the Ammonites Iksmiwceras Breweri, Lytoceras Bates!!, Pachydiscus Whitney!, Olcostephanus Traskil, Aneyloceras Remondi, etc. The first three Ammonites occur in the Queen
Charlotte group, according to Whiteaves.
The Knoxville beds are characterized, according to the latest researches of Hyatt,
Stanton, and l)iller, by its Aucella, Ammonites, and a few other fossils, which show close
relations to the Horsetown beds and a wide divergence from the Mariposa beds.
The Potomac beds have afforded a few rare marine shells. Whitfield mentions Astanle
veta, ..4mbonicardia Cook!!, Uorbkula emaeerata, C. annosa (Astarte annosa Conrad), and
Gnathodon tenuides, besides 6 species of Unio and Anodonta.
2.

UPPER CRETACEOUS.

PLANTS. - In the Upper Cretaceous, leaves of Cycads are
comparatively
rare, while those of Angiosperms are of great variety; and to these are added
the leaves or fronds of Palms.

Some of the prominent kinds in the new flora were species of Sassafras,
Laiirus, Li riodendron (Tulip Tree), Magnolia, Aralia, Cm namomum, Sequoia,
the Poplar, Willow, Maple, Birch, Chestnut, Alder, Beech. Elm, etc. A leaf
of a Palm (Sabal) from Vancouver Island is described by Newberry as 8 to
10 feet in diameter.

Dawson gives an interesting review of the Sequoias in
his Geological History of Plants - a genus of many species then, but now
of only 2, and these exclusively North American.
The leaves of Angiosperms, here figured, are all from the Dakota beds, or
their probable equivalent, on the Atlantic border, the Raritan clays of New
,Jersey, Martha's Vineyard, and Long Island. Fig. 1369 represents a leaf
of Sassafras Gretaceum Newb., of the Dakota group; 1370, the leaf of a Tulip
Tree, Liriodendron Mec'kii Heer, from Greenland (Atan6 group) and the
Dakota; 1371, L. simplex Newb., from the Amboy clays of New Jersey, Long
Island, and Gay 1-lead, Martha's Vineyard, -the figure from a leaf of the

latter locality; 1372, an Andromeda, from Gay Head, a kind found also in
Greenland and the Dakota group; 1373, a JWyrsine of Gay Head, and likewise
a Greenland species; 1374, a Willow, &dLc Meekil Newb., of the Dakota;
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and 1315, Eucalyptus Geinitzi Heer, from Gay Head, also
occurring in Green
land, Bohemia, and Moravia,
a genus now mostly confined to Australia.
D. White, the describer of the
Fig. 1376 represents a nut of the Eucalyptus.
Gay Head plants (1890), states that these nuts contain in their furrows an
amber-like resin, and suggests that the Eucalyptus Tree may have been the
source of the "amber" of the Gay Head and New Jersey regions.
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137'2

1873

1369-1376.

AiQIOsPRus.-Fig. 1869, Sassafras Cretaceum; 1870, Lirlodondron MoekIt; 1871, L. simplex; 1872, Andromeda
Parlatoril; 1878, Myrelne borealIs; 1874, Salix Meekil; 1875, Eucalyptus GeLnitzI; 1876, nut of Eucalyptus.
Figs. 1869, 1870, 1874, Newberry; others, 1). White.
Goccoliths, calcareous disks less than a hundredth of an inch in diameter
(page
0 431), which are now common over the bottom of the deep oceans, con-

to the Cretaceous limestones, and are abundant in the Cretaceous of
the east slope of the Rocky Mountains.
In the clays of Gay head, on Martha's Vineyard, the most eastern Cretaceous region
of the continent, D. White identified Sphcnopteris (/revillioides Ileer, of the Kom beds,
Greenland; Sequoia arnbigua Ileer, Kom and the Lower Atan (or Middle Cretaceous)
Andromeda Parlatoril, Lower Atan; and also a Sapindus, near S. Morrlsoni of Lesque
reux, a Dakota and Greenland species.
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A report by J. S. Newberry, on the plants of the Raritan group of the Atlantic border,
nearly ready for publication at the time of his death in 1692, has not yet appeared (1894).
A few Long island species have been described and figured by A. Hollick (1892-93).
They were from the clays on the north side of the island between Eaton's Neck and Glen
Cove.
An account of the plants of the Dakota group is contained in Lesquereux's quarto
reports - one volume published in connection with the reports of the Hayden Expedition,
and another posthumous volume, edited by F. Fl. Knowlton, published as vol. xvii. of
the Memoirs of the U. S. Geological Survey (1893). The flora, so far as now known, in
cludes 429 Angiosperms, 8 Endogens, 15 Conifers, 12 Cycads, and 6 Ferns; in all 470
species. As Knowlton states, the proportion of Cycads is nearly the same as in the Atané
group of Greenland described by fleer, while the Angiosperms make 91 per cent of the
whole and in the Atané group 72 per cent; and a fourteenth of the whole are identical
with Greenland species.
The spirally marked fruit of a C'hara, C. Stantoni, has been
found by Knowlton in the Bear River beds.
The Laramie plants also were described by Lesquereux in one of the quarto volumes
of the hayden Expedition reports. But it is found that there is some uncertainty with
regard to localities, and the subject is undergoing revision. They include no Cycads.
The following lists of characteristic species of the Laramie and Denver groups are from
F. H. Knowlton : Fossil plants characteristic of the Lower Laramie : Mususphylium complicatum, Flabel
Mria eocen lea, Ficus lanceolata, Ficus latifolia, Quercus anynstiloba, Sterculia nzodesta,
A nona robusta, Dombeyopsls squarrosa,
elunibinnz ten?ufoium, Rhamnus salicifolius,
Corn us .iboibiiera.
Fossil plants characteristic of the Denver group: Osmunda affinis, Llsplenium erosurn
(Fteris erosa Lx.), Aspidium Lakesii, lVoodwardla latiloba, Oreodoxites plicatus, Ficus
oceidentalis, F. spertabWs, Populus isTebraseeusis (varieties), Fra.rinus eocenica, Zizyphus
"tibrillosns, Rha nus Goldia nns, Flatanus Ra!/nOid$ii, Viburn uiii GOldi(Zfl urn.
Fossil plants common to both the Lower Laramie and Denver groups: Ficus plantcostata, DOrnl)eyopsis obtusa, .Paliurus zizyphoules, Artocarpus Lessifjiana.
The plants of the Livingston beds, referred by Weed and Knowlton to the Denver
horizon, are the following (U. S. G. S. Bulletin, No. 105, 1893). They are stated to be,
by Weed, from the lower 300' of the beds. Those species that occur also in the Lower
Laramie beds are designated by Lar.; those in the Denver group of the Denver region,
by the letter D; and those that are known from the Miocene Tertiary, by the
letter M:Abietites dubius Lesquereux
Lar.
Reichenbachi
Geinitz
Lar.
Sequoia
d
Heer.
Taxoci mm istichum Miocenuni
Ginkgo adiantoides IJug.
Phragm ites Alaskanus Fleer.
Lar.
Caul Inites spar.-an ioides Lx
Lar.
l'opulus inutabilis ovalis Hoer
P.
Lx
hevigata
Al.
Br
Sahix angusta
Lar., M.
Quercus castanopsis Newb.
"
Godeti ? Ileer.
"
Lar.
Ellisia.na Lx
Lar., D., M.
Juglans rugosa Lx
denticulata Lx
D., M.
rhamnoides Lx
Lar., D.

Flatanus Guillelma3 Göppert . Lar., D. M.
? it
aceroides Göppert
D., M.
Ficus auricula.ta Lx
D.
"
?
tilhefolia (Al. Br.) Heer... Lar., P.
planicostata Lx
Lar., D.
Cinnamomuin Scheuchzeri ? Fleer.
44
ellipticum Knowlton.
Litsea Weediana Knowlton.
Laurus socialis Lx
type from Lar.
Fraxinus denticulata Heer
Lar.?
Andromeda affiuiis Lx.
? Nyssa lanceolata Lx
P.
Rhamnus rectinervis
Lar., D.
salicifolius ? Lx
Lar.
Celastrinites hevigatus Lx.
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The fossil plants of the Dunvegan group of northern Canada (north of 550 N.) contain, according to Da.wson, species of Magnolia, Laurus, Ficus, Quercus, Fagus, Betuia,
Sequoia, and Cycads, and are referred to the age of the Niobrara.. The plant-bearing Mill
Creek beds overlying the Lower Cretaceous of the Queen Charlotte Islands are made
Dakota in age; and the Coal-measures of Vancouver Island are, on the same authority,
of the age of the Montana group. Dawson refers to this time 1-leer's Patoot flora of
Greenland. He compares this flora with that of Georgia, and from the general resemblance
in genera infers that the temperature of the region may have been, like, that of Georgia,
about (J50 F. The Larawie flora, he observes, is most remarkable for its Conifers, Taxites,
Sequoia, Thuia, etc., and for the great development of the genus Platauns; also for con
taining some modern species of Ferns, as Onoclea sensiliilis, Davallia ten uifolia.
References to all papers and reports on fossil plants published before 1884 will be
found in Ward's Sketch of Pahobotany, U. S. 0. 8. Ann. Rep., vol. v.
ANIMALS. -Invertebrates. - The shells of Rhizopods, or Foramin ifers,
are abundant in many of the beds in New Jersey, and still more so in those of
Texas. Sponges are thus far rare fossils in the beds. Corals are not numerous.
18W

".

1377-1379.

1377

One from the Ripley beds of Texas,
described and figured by C. A. White,
is represented in Fig. 1377.
No
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coral reefs have been reported ; but
they may possibly exist underneath
S
-

s

137
/

"

CORAL. -Fig. 1877, HlndeasadJscoidea. BRACIII0PODS. - Fig. 1878, Terebrnteila pilcat.a; 1879, Tere
bratula Harlan!. Fig. 1877, C. A. White; 1878,
1879, Morton.

the Tertiary of some part of the
Gulf or Atlantic border.
Echinoids
of
occur
the genera Cidaris, Salenia,

Gassidulus, Holasler, Hemiaster, and
others. Less than 35 Upper Creta
species are known from all
North America, while Great Britain
has afforded nearly 150.
ceous

Brachiopods are few in species.
The two here figured. Terebratella
plicata (Fig. 1378), and Terebrat ula
Meek
Harlani (Fig. 1379) of Morton, are quite common in New Jersey.
described only one Lingula, L. nitida, from the Upper Cretaceous of the
Continental Interior, and this was from the Fox Hills group. The contrast
in species between the closing period of the Mesozoic and that of the Paleo
zoic is in no tribe more marked.
Of the characteristic Lameilibranclis there are, in the Oyster family, the
genera Ostrea (Figs. 1380, 1381), Gryphwa (Figs. 1384, 1385), and Exogyra
(Fig. 1383) ; and in the Avicula family, Inoceranius, I. labiatus (Fig. 1386)

being very common.
The Rudistes, one Neocomian species of which is hglII'e(l on page 835
(Fig. 1361), are very rare fossils in America ill the Upper Cretaceous. Fig.
1387 represents one species described by C. A. White from the Wailala
section of the Chico beds of California.
Other Gastropods of modern
forms are represented in Figs. 1388-1392.
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Cephalopods of the tribes of Belemnites and Ammonoids are of many
One of the iiiost common of the Belemnites, common to New Jersey,
species.
1380

1382

1380-1388.

c\1381
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138,ii

LA.\IELLIBRASCHS. - Fig. 1880, Ostrea congests; i:si, Ostrea larva ; 1882, inoceramus dimldius; 1388, Exogyra
costht; 1384, Gryphu?a veslcularis; 1385, G. Pitched ; 1386, Inoceramus lablatus (formerly problematicus).
Fig. 1880, 1382, Sthnton; 1881, D'Orblgny; 1883-1385, Meek; 1886, Rower.

138'

1387-1392.
1392 a

11392b

/ V

1390

1389
-

13
\J//
LAELLIBRANOII. - Fig. 1887, Cornlllocliama Orcutti (x ). GASTROPODS. -Fig. 1888, Pyrlfusus Newberryl;
139, F'aseiolarln buceinoldes; 1890, Anchura (Dropanochellus) Americana; 1891, Margarita Nebruscensle;
1892 a,b, Hulla speciosa.Fig. 1887, C. A. White; 1888-1392, Meek.
Texas, and the Upper Missouri, is represented in Fig. 1393.
Fig. 1394
the
Ammonite,
Placenticeras
of
1394
a,
the same
placenta
Dekay;
represents
in side view; and 1394 b shows the flexures in the partition at the sutures;

HISTORICAL GEOLOGY.

842

specimens of this species have been found measuring more than two feet in
diameter.
Among the more or less uncoiled Ainmonoids there are: Fig. 1395, the
Scaphites, S. Gonradi, from the Fox Hills group, which is sometimes six feet
1393-1400.

139S

1395

(2\\i;
to
\\\' \\

1

1394
:
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1410

"
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j

"Ns

-

f-

/7P

LU

'/

-

1398 a

F!
:/
I LfII
1T

\\
1399

-

1397 t

'1

J

'rj

TI
OzPa&I.0PODB. Fig. 189, BelomnItAjlIa Americana; 1894. a, b, l'incentleeras (Ammonites) placenta; 1895,
Scaphitea Conradl; 1890, 8. larvieformls; 1891, 1897 a, Bacuiltes ovatu; 1398, young stage of B. coin
preasus; 1808 a, same, with outer layer of shell removed, showing sutures ; 1899, section of B. compressus,
reduced; 1400, Nautilus Deknyl.Figs. 1808-1897, 1899. 1400, Meek; 1808, 1898 a, A. P. Brown.
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long; and 1396, kS. larva! forniis, another, showing more decidedly the imperfectly coiled condition, from the Fort Beiiton group. Fig. 1397 is an
Ammo-nod
in which the form is straight, and hence the name Baculites, from

the Latin bacuiton, a walking-stick. The length of this Baculite is over a
foot, and the diameter 2.!, inches; other associated species are more than a
Another species, common in New Jersey, is the B. compressus
yard long.
and
Say,
Fig. 1399 is a section of it. A young stage of it is represented,

enlarged, in Figs. 1398, a, by A. P. Brown (1891) ; the specimens were from
the Black Hills, S. D.; they show that the animal in the young stage has a
Others of these partly uncoiled kinds are represented
Perfectly coiled shell.
on page 862.
Fig. 1400 is a Nautilus from the Lower G-reensand, New
Jersey.

Vertebrates. - 1. Fishes. - In addition to Selachians and Ganoids there
were Teleosts, or Osseous Fishes, the tribe which includes the larger part
of modern fishes, and nearly all edible species. The Cestraciont Sharks
still continue; and the bony pavement pieces of the mouth are not rare
fossils.

Two views of one from New Jersey are given in Figs. 1406, 1406 a.
1401-1406.
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- -.
14u4
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SQUALODONT SELACHIANS. -Fig. 1401, Ototltis appondioulatus; 1402 a, b, Lamna Texans; 1403, Corax hetarodon; 1404, Otodus appendiculatus; 1405, Oxyrhina Mantelil. CEsTaAoIo'r SELACHIAN. - Figs. 1406, 1406 a,
Ptychodus Mortoni. Fig. 1401, Gibbes; 1402-1405, Warner; 1406, Morton.
Many of the Sharks were of the modern tribe of &jualodonts - distinguished
by the sharp cutting edges of the teeth, and other peculiarities. One kind
is represented in Figs. 1401 and 1404 of the genus Otodus, the latter from

Texas; 1403. tooth of a Gorax; 1405, of an Oxyrhina; 1402 a, b, of Lamna
Texana.
The Teleosts of the Middle and Upper Cretaceous of North America include species of the Mullet family, represented by Beryx inscuiptus Cope,

from New Jersey; the Sphyrenids of several large species described by Cope,
of the genera Pachyrlüzodus, Empo, and others, from Kansas; the Siluroids,
poveift1 carnivorous fishes, called Saurodonts by Cope, one of which, For
theus molossus Cope, from Kansas, had the vertical diameter of the head
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They appear to have been among the most formidable
nearly two feet.
of all Teleosts.
Saurocephalas lancformis Harlan (Sauroclon lancforrnjs
Hays, 1830), from the "Upper Missouri region," is one of the group.

Restoration, showing the probable form of Portheus, Cope.
2. Reptiles. - The Reptiles included species of enormous size, yielding to
few if any of the Jurassic period. Besides long-necked Sea-Saurians, related to
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1408.

Restoration of Cinosaurus annectens (x). Marsh.
the Plesiosaurs, and huge carnivorous and herbivorous Dinosaurs, related to
the older kinds, there were other Dinosaurs equally huge, having horns with
horn-cores, like cattle, but with a third horn on the nose; Pterosaurs. 20 feet

MESOZOIC TIME - CRETACEOUS.

845

and upward in span of wings; and, as a new feature, great Sea-serpents, the
Mosasaurids, having a length of 10 to 80 feet.
Piesiosaurids of the genus (Yi,noliosaurus of Leidy (1865) have been found
in New Jersey, Alabama, and Mississippi, and others, of the genus Elasmo
saurus of Cope, in the Continental Interior. The E. plat?/a)s, a carnivorous
species, 45 to 50 feet in length, had a neck 22 feet long, containing over 60
vertebra-,.
The Herbivorous Dinosaurs include species of widely diverse forms and
great magnitude. The first discovered is the hladrosaurus Fouikii of Leidy
(1858), a species about 28 feet long, having many of the characters of the
Iquaiwdon of Great Britain.
A related species, equally large, is the Claosanrus annectens of Marsh
(1890), from the Ceratops beds of eastern Wyoming, of which a restoration
by the describer is here given (Fig. 140$).
It is an excellent example of these three-toed
Ornithopod Reptiles, with
their short fore feet, and very massive tail, -the latter, one of the three
supports of the heavy body when erecting itself for brousing. A side view
of the skull is shown in Fig. 1409. The teeth are confined to the maxillary
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1409-1411.

o

1411

b

OLAOSAmtUS ANrENs. -Fig. 1409, the skull, side view (x 2); 1410, top view (x M; 1411 a, , series 01' teeth:
a, front view; b, side view (x ). From Marsh.
and dentary bones, and are in great numbers; they are arranged in vertical
series, and Fig. 1411 is an outer view of one of the series, in which the
number of teeth is five. The number of teeth in the series is largest over

the

middle of the jaw, and is sometimes six or more. Fig. 1410 is an
At b is the brain cavity, which, as Marsh states, is
upper view of the skull.
very small in proportion to the head.
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Another species, more closely like Hadrosaurus, is the Diclon.ius mirabilis
of Cope (1883; Trackocion miru.bilis of Leidy, 1S68), from the Larainie beds
The length stated is 38 feet, and that of the head, 3 feet.
of Dakota.
1412.
r r,

DINOSAUR. -Triceratops prorsus (x

).

Marsh.
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Widely different were the Herbivorous Dinosaurs of the family Ceratop
sid of Marsh, -species of great magnitude, having the horns of cattle with
1414

1413-1415.

1415

Dnrouuaa. - Fig. 1418, Tooth of Trfreratopus prortsu'. iti.ssIng Ilic' twu roIigs (tiftiural
errstus (x P); 14l, skull of Turoaurus gindluti tgu). MNr'b.

1414, t'kuU of T.
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the beaked mouth of a Turtle, or rather of the Rhynehocephs of the Trias.
They are from the same Laramie beds in Wyoming that afforded the Ciao
saurus, and occur also in the Denver beds, near Denver, Col. (where the first
specimen was found), at Black Butte, Wyoming, and in the Judith River
beds, Montana.

The restoration by Marsh (Fig. 1412), one sixtieth the
natural size, shows the general character of the. skeleton of these strange
but stupid inhabitants of the waning Mesozoic. The broad cranium (over
eight feet long in one species) projects far over the neck, like the posterior
flap of some forms of helmet, and sometimes has a degree of decoration in
its pointed posterior margin.
The teeth hail two prongs (Fig. 1413), a Mammalian feature not known
in other Reptiles. The skull of another species of the genus is shown in
Fig. 1414; and of a third, but of a distinct genus, Torosaurus, in Fig. 1415.
J. B. Hatcher, who procured many of the bones described by Marsh, gives
evidence (1893) that the great Dinosaurs lived in the region where they
died; and he speaks of one skeleton of Cluosaurus an.nectens Marsh (Fig.
1408), as found in a partially erect condition, the limbs extended, the
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ribs in natural position about the abdominal and thoracic cavities, and every
bone in its natural place, showing that the animal had been mired in the
Some of the Ceratopsid skulls,
quicksands.
1416.
although seven to eight feet long, make the
centers of sandstone concretions. weighing many
tolls.
Other genera of Ceratopsids described by
Cope are Aqathaumas, 1Ionocionius, and Polyo
nax, severally from Wyoming, Montana, and

1416 a.

Colorado.
Aqathauin.us syli'estris is from the
Laramie of Black Butte station in southern

Wyoming.
Carnivorous Dinosaurs were represented by a
number of species. La'laps wjuilun gels of Cope
(18G9), from the Upper Greensand, New Jersey,
is about 24 feet long; it probably could stand
L. werassatais is reported by him
nearly erect.

D

from Montana, and also from the Laramie beds
of Red Deer River in British America. The
Ornithomimvs of Marsh is a small species from
the Luramie Ceratops beds of Wyoming, remark

ably bird-like in its skeleton, as illustrated in
the figure (1lig. 141(i). It probably could sarnt DiRosAR. - Fig. 1416,
velox,
s u m - l 2d,
n r o 3d,
h t i and
n r O 4th mett
erect like a bird.
tarsais, natural size ; 1416 a,
The .Mosasauricis, or Sea-serpents, of the era,
phalanges of 2d digit. Marsh.
Ptho),
Pi,itkonomorphs of Cope (after the genus
Previous to the
were eminently characteristic of the Upper Cretaceous.

American discoveries of their remains, knowledge of them was confined
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almost solely to a skull found in the uppermost Cretaceous beds of Belgium,
on the river Meuse, 1785, whence was derived the name .Mbsasaurus.
The
first American species was a tooth in a fragment of a jaw, found at Mon
mouth, N. J., and, figured in S. L. Mitchill's Geology of North America,
1818, described by Dekay in 1830, and named Jtfosasaurus major by him in
1841. Previously it had been named M. Dekayi by Broun (1838). The

tooth, according to Dekay, was 106 inches long and 102 and 133 broad
at base.
Through the discoveries since made, the number of American
species described is near 50; and their remains have come from the borders
of the Atlantic and the Mexican Gulf, and from the Interior Continental
seas in Kansas, Dakota, Colorado, and beyond. Kansas is credited with 25
or more Mosasaurids from the Niobrara beds.
The species are related, like true Snakes, to the Lacertians; but they had
paddles, and a skulling tail which was nearly half the length of the body, as
shown in the restoration of Edestosaurus (Clidastes) velox of Marsh, by S. W.
Williston, in the following figure.
The Clidastes iguanavus of Cope is from
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1417.

Restoration of Edestosaurus (Clidnates) velox (x ,).

Williston.

the Lower Greensand, New Jersey, and C. propython of Cope, from the
Rotten Limestone in Alabama.
Baptosaurus platyspondylus and B. frateriws,
both of Marsh, are from the Upper Greensand. of New Jersey.
One of the fore paddles of Lestosaurus of Marsh is represented, much
reduced, in Fig. 1420. Fig. 1418 represents the tooth of Mosasaurus princeps
of Marsh, from New Jersey, and 1419, the head extremity of one of the
An anomaly in Mosasaurus is
Mosasaurids, showing the bases of four teeth.
the existence of an articulation for lateral motion in either ramus of the
lower jaw (at a in Fig. 1421), where there is in all other Reptiles a suture
Besides, the extremities of the two
only; a fact first recognized by Cope.
rami were free, so that they could serve like a pair of arms in the process of
swallowing whole a large animal.
True Snakes are rare species in the Mesozoic. The Con iophis pi'ect9defls
of Marsh, the only one known in this country, occurs in the same beds with
the remains of the Ceratopside in eastern Wyoming.
Crocodilians were represented by the Thoracosaurus of Leidy (the New
Jersey Gavial, or Gavialis iVeocesariensis of Dc Kay, 1833), Ilolops pneu.
maticus and GaviaUsfraterculus, of Cope, from New Jersey, and other Species

The older type,
having the vertebra concavo-convex, as in true Crocodiles.
with biconcave vertebrae, also was represented; and Ilyposaurn.s Rogersi
Owen (1849) from New Jersey, and Ii. Webbil Cope from Kansas are exam-
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pies. Two Lizards, Uhamops segnis Marsh, and Iguanavus teres Marsh (1892),
occur in Wyoming in the beds affording the (Jeratops remains.
1418-1421.

1418

ft f(itr

1419

1420

('
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\

1421

a
MOSASAV-RIDS. - Fig. 1418, tooth of Mosasaurua princops (x J); 1419, snout of Tylosnurus micromus, showing
bases of four teeth (x J); 1420, right paddle of Lestosaurus shnus (x); 1421, restored jaw of Edestosau_x'ua
dispar (xi). All from Marsh.
The Turtles (or Chelonians of the American Cretaceous) were of O or
more species; and one, Frotostega gigas of Cope (?Atlantochelys Mortoni Agas1422.

Fig. 1422, Ptrunodon longicops, head (xi) : a, upper view; b, side view.

Marsh.

siz), from the Niobrara beds of western Kansas, had a head two feet long,
and a total length of nearly 13 feet. Desmatochelys Lowii of Williston is
DANA'S MANUAL-&4
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from the Benton group in Kansas.
Species of Gompsemys occur in the
Laramie beds at Judith River and elsewhere, and also of Trion!/x and Plasto
menus. Adocus beatas Leidy, A. punctatus Marsh, A. ((ills Cope, are New
Jersey species.
1423-1429.

1121

.14210"

ii
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1121;

1427,

------ -----------.=: -

1

1 12!

BIRD. -Fig. 1425, Hesperornls regalla, skeleton (x ) 1,124, left lower jaw, top view (x ) ; 1,125, same, side view;
1428, same, front .low ; 1420, pelvis (x ; a,
1426. tooth (xii; 1427, 20th dorsal vertebra, 5i(it' view (x
a'etilniltim ii, llImn ; is, Iseliluni ; p, IhIs ; p', post-pubis. Marsh.
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Pterosaurs of several species have been discovered in western Kansas, in
the "Middle" Cretaceous, the first by Marsh in 1870; two had an expanse of
wings of 20 to 25 feet, and another of 18 feet. They are toothless, unlike the
foreign species, and are named by Marsh Pteranodonts; anodont from the
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1430,1431.

Ci2
--

-:.--

-.

BIRD. - Fig. 1480, Ichthyornls victor, skeleton, restored (x ); '1481 a, b, c, d, 1. dispar: a, left lower jaw, side
view (xi); b, same, top view; c, cervical vertebra, side view (xi) ; d, same, front view. Marsh.
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Greek, signifying without teeth. The skull and slender bird-like jaws of
Pteanodon ion giceps Marsh are shown in Fig. 1422 b, and an upper view in
Fig. 1422 a. The fore limbs (wings) are enormous, the hind limbs very
small. These animals, as Marsh observes, have several vertebre anchylosed
to act as a sacrum to the pectoral arch (like the sacruin in the pelvic arch),
The skull alone of P. in gens of
for the support of the powerful wings.
Marsh is about four feet long, and that of P. longiceps over three feet.
The
abundance of their remains in the Kansas beds appears to show that these
great bird-billed Pterosaurs frequented the borders of the Cretaceous sea as
its Kingfishers.

3. Birds. -The Cretaceous Birds, in part, had teeth (like the Jurassic of
Solenhofen), as first reported by Marsh from Kansas specimens.
One of the
species, the Ilesperornis regalis of Marsh, five to six feet in height, is repre

sented in Fig. 1423 (reduced to -k) from an essentially complete skeleton.
The figures also illustrate, besides the skeleton, one of the teeth, the jaw in
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two positions, a dorsal vertebra, and the pelvis. The teeth are fixed in a
groove, as in many Reptiles. This large bird had short wings, ostrich-like,
with many of the characteristics of a Loon, one of the Divers. Another
Kansas bird of different type is the Ichthyornis victor of Marsh, a small
bird, with good wings. The fish-like feature to which the name alludes is
the biconcave form of the verteUre.
But, with this low-grade feature, it
In the restored skeleton (half the natural size),
Fig. 1430, the bones actually found are those of the shaded part. Apatornis
of Marsh is a related bird. Marsh has described, also, species of two other
genera related to Hesperoriiis; namely, Baptornis and. Goniornis, the latter
from the Fox Hills group, Montana. All the Cretaceous birds have the fore
has the teeth in sockets.

limb greatly modified for wing purposes, bird-like; but in the liesperornis
This
it has passed beyond this and become rudimentary, as in the Ostrich.
is in striking contrast with the earlier Jurassic birds, in which the fore limb
The toothless birds
is more completely and normally a leg tlltLn a wing.
(or those not yet proved to be toothed) of the Cretaceous beds of New Jersey
were related to the Cormorants and Waders.

4. Mammals. - The Mammals of the Cretaceous thus far discovered are
probably all Marsupial or Monotreme, like those of the Jurassic period.
The remains are mainly teeth, with a few broken jaws and limbs. The
earliest described is the 2)feniseossus con quistus of Cope, discovered by J. L.
Wortman in the Lararnie of Dakota (1882, 1884).
Many kinds have been
described by Marsh (1889-1892).
of 1892.

The following figures are from his plates

The figures 1432-1438 are supposed by Marsh to represent teeth and por
tions of jaws of Marsupials, and the remainder probably of Monotremes.
The teeth of the genus Tripriodon have some resemblance to the tooth of the
Meniscoëssus figured by Cope, and have been referred by Osboi'u to that
species.
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1432-1443.
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1438 a
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1439 a

b

S
41 c

1-140

1442

1443

MONOTREME AND MARSUPIAL MAMMALS. - Fig. 1482 a, Cimolestes Incisus, left lower jaw (x 2); 1432 b, c,
lower molar (x 8) ; 1482 d, e, Id., canine, natural size; 1483 a, b, c, Didelphops comptus, upper molar (x 8);
1484 a, 0. vorax, two upper molars (x 2) ; 1484 b, Didoiphops, milk tooth (x 8) ; 1485 a, b, D. ferox, views
of right lower jaw; 1486 a, Batodon tennis, lower jaw (x 8); 1486 b, Id., with last two molars (x 2); 1486
c, d, e, id., upper molar (x 3) ; 14-87 a, b, e, Stagodon vnltdus, premolar (x 2) ; 1487 d, Id., left lower canine;
1437 e, 1(1., part of lower jaw, showing canine and two molars, natural size; 1488 a, b, Stagodon tumidus,
upper premolar (x 2) ; 1489 a, b, Oracodon conulus, upper premolar (x 8); 1440, Dipriodon lunatus, natural
size; 1441 a, b, Halodon sculptus, right lower, fourth premolar (x 2) ; 1441 C, id., left lower incisor; 1442,
Tripriodon ewlatus, right upper molar (x 2) ; 1448, T. caperatus, right upper molar Cx 2).Marsh, 1892.
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Characteristic Species.
NEW JERSEY. -The following lists of New Jersey species are from the
reports of R. P.
Whitfield, from whom have been taken also the chief part of the references to occurrence
in the Ripley group of Alabama (indicated by R.), and in the Upper Cretaceous beds of
Texas (indicated by T.); the other references being from 'I'. W. Stanton: Lower Greensand. - Uatop/gus pusilius, Cassidulus fiorealis, Terebratula Harlani,
Terebrateila i)liCata, Ostrea larva (IL, T.), Exogyra costata (H., T.), G1ryphct'a vesicuiaris
(R., T.), Pecten venustus, Ainusiuni simpiicuin (H.), tYeithea quinquecostata (R.), 1?adula
acutilineata (H.), sSpondyius (iregalis, Gervillfopsis ensit'or;nis (R., 'I'.), Inoeanus
Crispii
var. Barahini (H., T.), Idonectrea vuiqaris (H., 'F.), 'l'riqonia Mortoni, T. En faulensis
(IL),
(Jardium (Criocardinin) dumosum (It., T.), C. Eufaulense (H., 'F.), C?rci.ssatelia vadosa
V trape:oidea (IL), Anchura abrupta (IL, T.), Cypri..
(R.), Veniella Conradi (R., rr
meria depressa (H., T.), Gyrodes crenatus (II., T.), G. petrosus (H., 'I'.), Veleda lintea
(R., T.), Leptosolen biplicata (R., 'F.), Scalaria Sililinani, S. hercules, 'furritella corn.
pacta, T. vertebroides (R., T.), Ligumen planniatuin (H., 'I'.), Nautilus Dekayi (R., rr
Flacenticeras placenta (H., T)
Scaphites hippocrepis, S. Conradi (It.), Baculites
ovatus (H., T.), B. compressus, Turrilites pauper, Solenoceras annulifer, Belemniteila
Americana; and in the Clay Marls, below the Lower Greensand, Ammonites (Mortoniceras)
Delaware nsis.
Middle (Jreensand. - Montlivaitia Atlantica, Cidaris splendens, Psendediadema
diatretum, Ana uchytes ovalis, Hemiaster parastat us, Terebratula Harla ni, Grypha
vesicularis, GryphcEostrea voner, Natica abyssina, Isocardia Conradi, 2Tautilus De/cayl,
Baculites ovatus, Sph enodiscus lenticu laris.
Base of Upper Marl bed. - Terebratulina Atlantica, Ostrea glandifornis, trypha
Bryani, Crassateila curta, C. littoralis, Turriteilapurnila, Rostellaria nobiUs, Pleurotomaria Brittoni.
The latest and fullest work on New Jersey Brachiopods, Lamellibranchs, Gastropods,
and Cephalopods, with illustrations of all the species, is Whitfield's Report, in 4to, U. S.
G. S., vol. ix., 1885, and vol. xviii., 1892. It contains full references to the works of
Morton, Lea, Conrad, and all other authors on New Jersey Cretaceous paleontology.
MISSISSIPPI AND ALABAMA.- Eutaw group,-chiefly Oysters in the marine part.
Rotten Limestone Placuna scabra, Xe ithea quinquecostata, Gryphwa con vexa, G. vesicularis,
. Pitcheri, Otrea falcatci, Rudistes, Jlosasa urns; and in the Tombighee sand, many
Selachian remains, and the gigantic Ammonites Mississippiensis Spillm.
Ripley group.-Besides the species indicated, in the list for the Lower Greensand
group, by the letter IL, the following are common kinds; the references to Texas are
from Whitfield and stanton : Ostrea subspaeula(a ('I'.), (Iriipha'a mutabilis, Anomia
argentina, Inoeerainus proximus, (lervilliopsis ensitrini,s, Cuculltva eapax, Pecten quin
quecostatus, Nucula percrassa ('r.), Aphrodina Tippa n a ('I'.), V'leda lin tea ('F.), Lu natia
obiquata ('F.), Pugnelius densatus (T.), Pyrifusits sululuratnu (I1.), Volutomorpha
Eufaulensis (T.), Morea nat (celia ('1'.), M. cancelluria ('1'.), (JinnIta puichella (T.),
Baculites anceps (T.).
TEXAS. - (The species of the Upper Cretaceous are wholly different from those of the

Lower.)
(1) Lower Cross Timbers.- Leaves of SaiLs, Hex, Lawrus, etc. (Shumard); Otodus
appendkulatns, and other Fish remains ; Anquilluria Cumminsi White, species of Ostrea,
Gerithium, Turritelbz, Xeri/ina, Heap/i (ipx, with Am iiw n its Swallovi Shumard.
(2) Eagle Ford .qhalex . Isaxtraa ilisenih'a White, Ostrea eon qesta Con., 0. belliplicata,
Exoyra columbeliri Meek, Linia eren ,iijrox(ii Hieiiier, Inoceranjus lubmtus, 1. lu(us SOW.,
I. con fertim-ann ulat us Rwiiier ; the Arimntoiioids, Buchieeras Swallovi, Hoplitis Deshayesi,
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Acanthoceras marn miliare, Scaphites Tetanus R.; Ptyehodus ,nanzmillarfs, Lamna coinpressa, L. Texa na, Galeocerdo, Ca rek arodi n.
(3) The Austin limestone (chalk): Rhizopod.s of the genera Textularia and Globigerina;
also Hemiaster Texanus H., Cassidulus quoreux Morton, Terebratulina Guadalupa3 R.,
Ostrea congesta, Gryph.aa vesicularis Lamk., Exoqyra ponderosa (young form), E. costata
Say, E. colu,nbeila, Ostrea larva, Pecten Niilsoni, Inoeerainus biformis, I. umbonatus, I.
subquadratus, I. exogyroides, 1. lahiatus, Radiolites (?) Austinensis H., Eulima Texana H.,
(Jhemnitzia gloriosa H., .Nautilus Dekayi, Bacuiltes anceps, B. asper, Ammonites
(Place nticeras) Guadaiupr H., A. (Mortuniceras) Texanus R., Zllortoniceras Shosiwnense,
&h1onbach ía denkzto.carinata H.
(4) The Taylor or Exoq!Fra ponderosa mans: E. ponderosa (very abundant),
Grypluea veszeulanis, Ostrea larva, Amusium simplicum Con., Pynifusus granosus Con.
The species have greater resemblance to those of the Atlantic and Gulf borders than to
those of the Continental Interior; and this is true also of the following.
(5) Glauconitic beds of northeast Texas: the species of (4), and also Pecten Bunting
tonensis, Inoceram us Crispii, Crassatella lineata Shum., Pachycardium Spit/maui,
F'holadonz!/(I Lincenumi, Jhen&n itzia gloniosa, Purpnra canceilata, Pleurotoma Texana,
P. Tippana, A nisomyon Hayden!, Nautilus De/eayi, J?tychoceras Texanum, Turrilites
helicin us, Helicoceras X'avarroe use, Baculites annulatus, B. Spilimani, B. Tipponsis,
Piacenticeras placenta, Belemiiiteiia mucrouffla. Further, the Eagle Pass beds on the Rio
Grande, referred to the age of the Fox Hills and Laramie, contain Ostrea glabra Meek,
,Anomia micronema, and species of Area, Cyrena, Ann. (Sphenodiscus) pleurasepta Con.,
and other species. The above names are from lists by Hill. See farther, for species of the
Glauconitic group and Ponderosa marls that are identical with those of the Ripley and
Lower Greensand groups, tables on page 854.
On the Invertebrate Paleontology of Texas, see especially F. Rmmer, Kreid. Texas,
1852 ; also, Pal. Abhandl., Berlin, 1888; Shumard, Acad. Sc., St. Louis, i., 1860, and
Boston Soc. V H., viii., 18U1-62; R. T. Hill, Am. Jour. Sc., 1887; Rep. Geol., Texas,
vol. i., annotated check-list, Bull. No. 4, Geol. Texas, 1889; Proceedings of the Biological
Society of Washington, D.C., vol. viii., 1893; Bull. Geol. Soc. of Am., vol. v., 1894; C. A.
'White, on fossils from Texas, Proc. U. S. Nat. Mus., ii., and his Correlation of the
Cretaceous, Bull. U. S. G. S., No. 82; F. W. Cragin, Texas Geol. Survey, 1893.
CONTINENTAL INTERIOR (Upper Missouri region), according to Meek: -

1. DAKOTA SERIES.- Besides species of fossil plants, Pliarella (?) Dakotensis, Tngonarca Siouxensis, Gyrena arenarea, ZJ'argaritana Nebrascensis, etc.
2. COLORADO SERIES. -(a) Fort Benton: Inoceramus labiatus, I. fragilis, I. tenul
costatus, Ostrea con gesta, Pholadomya (Auatimya) papyracea, Scaphites larvat'ormis,
S. vermifoninis, S. ventnicosus, Nautilus elegans ; the Ammonites, A. AiIullananus,
Mort() niceras 4S'hoshonense, Pnionoc ye/us U 'oolgani, etc. (b) Niobrara: inoceramus (avicu
bides) labiatus, I. defornzis, Ostrea conqesea, etc.
3. MONTANA SERIES. -(a) Fort Pierre: inoceramus sub?avis, I. Crispii, I. tennilineatus,
Busycon Bairdii, Heithea quinquecostata, Anisomyon borealis, Lucina occidentalis, Avicula
binquiibrmis ; the Ammonoids, Amino nites cumpiexus and Place nticeras placenta, with
Baculites ovatus, B. compressus, Helicoceras Morton!, Scaphites Conradi, S. nodosus;
\ra?itilus Dekayl. (b) Fox Hills: Anchura Americana, Pynifusus Newberryl, Cardium
speciosurn, Mactra a/ta, Tancredia Americana, Belemniteila bulbosa., Nautilus .Dekayi,
Placenticeras placenta, Scaphites Conradi, Baculites ovatus, B. grandis.
No species of the genera of keeled Ammonites, Pnionocyclus, Prionotropis, Mortoniceras, states Stanton, have been found in America above the limits of the Colorado
formation; and farther, no species of ileteroceras, Ptychoceras, and Anisornyou occurs
below the Montana, no large Baculites, such as B. ovatus, B. grandis, and B. compressus,
nor the species Scaphites Conradi, S. nodosus.
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4. LARAMIE BEDS at. Judith ll iver (Rep. Hoyden Survey, vol. ix., 4to),
according to
Meek, in the lower part: (Tnio Dana and U. Dewei, Vivipans, Goniobasis,
/m'rium,
Planorbis, Ostrea swtriyonalu , in the upper part Ostrea subtriqo na/is (9), (iorb len/a
Ocejdentalis, C. c(heriThrmis, Goniobusis convexa, etc.
Among Vertebrates of the Larainie beds are the following; At Moreau River, South
Dakota (west of the Missouri), the l'lesiosaurids, Plesiosaurus occuluus and J'sehirosaurus antiqnus, both described by Leidy. At the Judith River Basin, remains of species
related to the Iguanodon of the genera Palt'oscineus. Troflth'n. and Aublysodon of Leidy
according to Marsh, of Claosaurus, of Ceratopsids and Ornillwmi,nus ; of Plesiosaurus
and Ischyrosaurus ; also of the Rhynchoceph, (i/mmpsosaurus profundus Cope ; and
Turtles of the genus Compseimls. At Black Butte, the Ceratopsid, Aquthaumas sy1vstiis
Cope. At Castle Gate in southwestern Utah, an important coal-mining village, a species
of Ciaosaurus; in the Denver group, or Upper Larauiie, near Denver, species of Geratops
and Ornithomimus. Some of the Mammals of the Laraiuie are mentioned on pages 832,
853.
Aublysodon. mirandus of Leidy (1850, 1868), referred by him to the tribe of Dinosaurs,
was based on a number of teeth. Marsh has suggested (1802) that some of the incisors
figured may be Mammalian, stating that only the discovery of a tooth of the kind in a jaw
will remove doubt.
Fossils from the Cretaceous formation of New Jersey were first described by the
excellent naturalist of Philadelphia, Thomas Say, in 1820 (Am. Jour. Sc., ii., 34), who then
named species of Baculites, Exoqra (instituting this genus), and Terebratula. The beds
were called by him "the New Jersey Alluvium." The first reference of the beds to the
Cretaceous formation, and first account of their geographical distribution along the Atlantic
and Gulf borders, was made by Larduer Vanuxeni in January, 1828 (Acad. N. S. Phi/ad.,
vi.) ; and the first systematic description of the fossils, with figures, by S. G. Morton,
in a paper of the same date, which follows Vanuxem's. Vanuxem, in a note to 11-is paper
(page 63), alludes to Morton's extensive collections of fossils of New Jersey and Dela
ware, which he had examined in addition to his own. Morton's paper was soon followed
by others in continuation.
The Radiolarians found by Tyrrell in the Montana group, Manitoba, have been
described and figured by I). RUst (Canada Survey, 1802).
On the Invertebrate paleontology of the Continental Interior, see especially the publi
cations of Meek in connection with the 1-layden Survey and also elsewhere; also papers
by C. A. White, and his Correlation of the Cretaceous; also T. W. Stanton's Colorado
Formation (1803).
FOREIGN.
ROCKS -GENERAL DISTRIBUTION.
The Cretaceous formation covers a large part of southeastern England,
east of the Jurassic boundary, froimi Dorset on the British Channel to
Norfolk on the German Ocean ; and also a narrow coast region, about and
south of Flamborough Head, as shown on the limp, page 694, and small areas
in northern Ireland and on the islands of Mull and Morven, off Scotland,
where it is covered by Tertiary basaltic lavas.
Like the Jurassic, it reappears across the British Channel in France and
Denmark, and to time east and south over mmicli of Europe.
It usually omit.
crops along the borders of the great Tertiary areas or within them, indicating
that the seas of the early Tertiary, which cover so large a part of time conti-
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nent, were also, for the most part, Cretaceous seas with still wider limits
and larger intercommunications. The London-Paris basin, spreading east
ward to 1)enmnark, was one of these partly isolated are-Its; it was 800 miles
wide Ii'oni miortli to south in time Cretaceous period, 400 in the Jurassic, and
about 25() in the Tertiary.
Southwestern France and the northeastern half
of Spain, making the Pyrenean basin, was another, 450 miles broad; Switzer
land and a broad area across Bavaria was another. Italy and the eastern
coast region of the Adriatic, with a very broad region in northern Africa., in
Fgvpt and Syria to the eastward, made another, the Mediterrai.ean basin.
A great Ausfro-Russian basin spread beyond time Azof and Black seas to the
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Caspian, the Caucasus, and farther east over large areas in Persia; and in
time Neocomnian, it is supposed to have exteml(led by the west side of the
Urals to the borders of the Arctic Sea. Only parts of the borders of these
great areas are at surface Cretaceous, the Tertiary being the overlying
formation.
It is necessary thus to view the Tertiary with the Cretaceous in order to

appreciate the fact that Cretaceous Europe, across from the Bay of Biscay
and Spain to its eastern border, was mostly a submerged region.
The
Mediterranean basin, like that of the West India and Gulf basin in America,
was the deeper part of the submerged area. The dry land included the
regions of Scandinavia with the Baltic provinces in Russia, a western and
northern part of Great Britain, and some isolated areas along the western
bonier and over the central portions of time continent. The resemblance to

North. American distribution consists in the fact that the dry land was
most extensive to the north, and that time deepest waters were about the
Mediterranean Sea on the south.
The contrast consists in the widespread

subimiergence of the continental surface across from east to west, and the
absence of any distinctively Atlantic border region.
In India, there is no evidence of marine Cretaceous beds in the great
valley of the Ganges, and only small areas near Pondicherry in time south
eastern part of the Peninsula. They cover a large area in Queensland, north
eastern Australia, and occur in some other parts of that continent. They are
found also in New Zealand, where they contain valuable coal-beds.
In South America, iiarrov belts of Cretaceous rocks extend, in Venezuela,
from Cu ma na to Pamplona, and from there northward and southward along
the Andes, being at an elevation of 9000 to 14,00(.) feet at time passes of the
Portillo and Rio Volcan, and having a height of 20,000 feet. The Upper
Cretaceous forms most of the peals of the eastern Andes, some of the ridges

having a height of nearly 19,700 feet. In Peru, latitude lfl° S., near the
pass of Antaranga, its height is about 15,750 feet, and in the Province of
Huaniacliuco, the Gault reaches a height of 16,405 feet. In Chile, in the
Cordillera of Chillan (36° iS'), the Cenomariian has a height of nearly
The Cretaceous are the oldest of the beds exposed over the
15,000 feet.
most of northern South America, the crystalline rocks (Archaan) excepted
There is a large area also in the eastern part of Brazil.
(H. Karsten).
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C. A. 'White has described Cretaceous fossils, from the provinces of Sergipe,
Pernambuco, Para, Bahia, and elsewhere, in vol. vii. of the Archives of the
National Museum of Rio de Janeiro (18S8).
Darwin found Cretaceous fossils
in Fuegia, on the summit of Mount 'I'arii and near Port Famine, in the
Straits of Magellan; and the author, in 1838, obtained Belezunites,
probably
Cretaceous, on the shores of Orange Bay, near Cape Horn.'
SUBDIVISIONS.
In view of the very wide and various distribution of these continental
Cretaceous beds, and the diversity of conditions as to water, depth, and tem
perature under which they have originated, it is not to be expected that

there should be uniformity in the succession of rocks, either as to kinds or
as to fossils, since life varies in distribution with variations in the above
conditions.
As a consequence, the Cretaceous formation is, even in Europe,
a formation with or without chalk, with or without limestone, with or with
out sandstones, or chiefly made up of sandstones, and with wide variations in
the fauna.
The principal British subdivisions are the following: -
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I.

LOWER CRETACEOUS. -The Neocomian of Thurman (1832), so named
from the Latin name of NeufchAtel, Neoconiun; including (1) the Wealden,
and (2) the Lower Greensand, but restricted by some to the Wealden.
UPPER CRETACEOUS. - (1) The Gault or Albian, consisting of clay
with some greensand (it is made Lower Cretaceous by most European
II.

geologists); (2) the Cenomaniau, consisting of (a) the Upper Greensand,
marl beds, and the Gray Chalk of Folkestone; (3) the Turonian, the Lower
White Chalk without flints; (4) the Senon Ian, or the Upper Chalk with

flints.

Above comes, in Denmark, (ii) the Danian, or the Maestricht beds.

The Wealden, including the Hastings sands below and the Weald clay
above, is about 100 feet thick in southern England, where it was deposited
in the fresh waters of a delta over O,00() miles in area.
The Gault is 100
feet to 200 feet thick.

The chalk without flints is a prominent formation
across from Flamborough Head, on the east coast of England, to the southern
coast, in Dorset.

greensand" is like that of America (page 68). The chalk con
sists chiefly of Foraminifers, or the shells of Rhizopods, but contains also
remains of Sponges and other forms of life, which together appear to indicate
that the beds were formed at depths of a few hundred feet - by some made
The

300 fathoms or more; they are similar in general character to those now
accumulating over the sea-bottom. The flint HulL1118 occur in layers in the
chalk. The facts seem to show that the sea-bottom, on account of depth or
for some other reason, was in a more favorable ('OIIdit,i()H for growing siliceous
Sponges in some places than at others. The iii;iterial of a flint nodule, while
For a note on the discovery, see Am. Jour. SC., 'xxv., 83, 1888.
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ordinarily black or grayish-black flint, is sometimes chalcedony or agate, and
on the other hand, it is often white exteriorly from admixture with chalk.
The fantastic shapes of some flints are often due in part to the fossils

they include.
The rocks in northern France or Belgium much resemble those of England.
In Germany, above the Lower Cretaceous, there is a large predominance of

sandstones and mans. In Switzerland, the Lower Cretaceous of the Jura,
about Neufohfitel, is mostly limestone; and of the same nature is the chief
part of the Upper in other parts of Switzerland and the Austrian Alps. The
same is true for most of the Cretaceous of Italy, northern Africa, Syria, the

Mediterranean region being marked in places by coral reefs, Hippurite lime
stone, and other evidences of pure ocean waters.
The following are the subdivisions adopted in France and Belgium and Switzerland.
(See further on their distinctions, page 864.)
2.
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4.
3.
2.
1.

DANIAL -1. Maestrichtian or Dordonian; 2. Garumnian (Pisolitic limestone).
SENONIAN. - 1. Santonian; 2. Campanian.
TURONIAN. -1. Ligerian; 2. Angoumian.
CENOMANIAN. -1. Rhotomagian; 2. Carentonian.
1.

4.
3.
2.
1.

UPPER CRETACEOUS.

LOWER CRETACEOUS.

ALBIAN (= Gault). - Vraconniau = Upper Albian, at Cheville in the Valais.
APTIAN (= rest of Lower Greensand).
URGONL&N (= lower part of Lower Greensand). -1. Urgonian; 2. Rhodanian.
NEOCOMIAN (= Wealden).-l. Valenginian (= Hastings sand) ; 2. Hauteri'vian

(Weald clay).

LIFE.
PLANTS. -The plants of the Wealden, and the rest of the Neocomian in
England and Europe, are Cycads, Ferns, and Conifers, as in the Jurassic, with
a show of progress in the first appearance of species of the genera Pinus and
Abies, the true Pines and Spruces, but with no Angiosperms. But in the Gault
and the Upper Cretaceous occur leaves of Angiosperms of many common
kinds, though all of extinct species; as the Magnolia, Myrtle, Willow, Wal
nut, Maple, Fig, Holly, besides a Redwood (Sequoia) ; and there were also
Palms, of the genus Palmacites. No remains of Lower Cretaceous Angio
sperms and Palms have been reported from England. Vegetable remains
are rare fossils because the beds are mostly marine.
The microscopic Protophytes, called Diatoms and Desmids, are found in
some of the beds, especially i
the flint.
The Desmids are far the more

common because not siliceous, and therefore not dissolved; the kinds called
Xanthidia are especially abundant, and are similar to those from Devonian
hornstone (page 583). Coccoliths are common in the Chalk.
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ANIMALS. -1. Rhizopods. - Foraminifers are
commonly the principal
material of the Chalk.
Ac
1444-1447
to
a
cording
cubic
Elirenberg,
1444
1445
a
1446
1447
a
inch of chalk often contains
i\
more than a million of micro
organisms, which are
chiefly the shells of Rhizopods.
Some of the species are repre
sented much enlarged in Figs.
SCOpiC

BmzoPoDs. - Fig. 1444, Lltuola nautiloldea; 1445, a, Flabellina
rugosa; 1440, Chrysalidlna gradata; 1447, a, Cuneoltha 1444-1447.
pavonia,
2. Sponges. - Sponges were
of like importance in the history of the Cretaceous rocks on account of
their siliceous spicules and framework, which were the chief source of the
flint.
The recent discovery over the ocean's bottom of Sponges whose
fibers are wholly siliceous was a revelation as to their
importance in
The
are
of
the Hexactinellid and Lithistid
flint-making.
species
mostly
1448

1448, 1449.
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1449a

1449b

__:

'

-

--

SPONGE. -Fig. 1448, Siphonla lobata.EduuoDE1tI. -Figs. 1449 a, b, Ananchytes ovatus.
kinds.
from

One of the Lithistid kind is represented in Fig. 1448, and spicules
various sponges in Figs. 446-460, on page 432, obtained by U. J.

linde, from a cavity in a mass of flint, which afforded also a multitude of
other forms. The Cretaceous Hexactinelhids comprised the goblet-shaped
TTentriculite8, and many other kinds.
3. Corals, Echinoids. - Corals and Echinoids were common in some of the
limestones, especially those of southern Europe.
The Corals were of modern
type in being Hexacoralla; and one Cretaceous genus, Uaryophyllia, has still

its many species.
Echinoderms were of many genera and species, especially in the Upper
Greensand (Cenoma.nian) and chalk.
The Ananchytes ova/us, Fig. 1449, is of
the Upper Chalk (Senonian) of England.
With it, anti also in the Ceno
manian, occur species of llolaster, Micraster, Salenia, Galerites, and others.

4. Mollusks. - Lameflibranchs included many species of the genera Ory
phcea, Exogyra, inoceramus, Trigonia, which are rare after the Cretaceous,
or end with it, and also of Pee/en, Lima, etc. They comprise also the pecul-
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jar Rndistes, of which there are over a hundred species in the Cretaceous,
and none later; they are especially common in the Mediterranean region.
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1450-1455.

1 154

LAJJELUB1WCUS, Rudistes Family. - Fig. 1450, ilippurites Toucaslanus; 1451, II. dilatatus; 1452, Radiolites
Bournoni; 1458, Spha.ruIites IIen[nghausl. GASTROPODS. -1454, Norinea bisulcuta; 1455, Cinulla avellana.
Fig. 1450 represents IhppllriteS Toucasianus d'Orb. (with a small one
attached), and 1451, the interior of the shell of H. thiatutus. Figs. 1452,
1453 show the forms of the upper
1456, 1457.
valves, in profile, o species of
1457
1456
Rariioiites and Sphcerulites, of the
/ 'l
same family. The prominences
b, c are for the attachments of
muscles.
A single species, Radio
files 31orton
\\roodw., has been
found in England.
Figs. 1454,

1455, are Gastropods of the pecul C
iar genera N-'rinea and Cinulia, Fig. 1456, Unto Valdonals; 145T, Viviparus (Palndtha) flu.
thrum.
both 110W extinct.
Two of the fresh-water shells from the Wealden are represented in. Figs.
1456, 1457, one a Unio, and the other the common T7iviparus.
Amnionites were in great numbers; and, as in America, the open-coiled
forms are far more abundant than in the Jurassic. Several of the latter are
shown in Figs. 1458-1461, and a spiral form, Turrilites, in 1462. Another

related form is that of the open-coiled Turriiite, Helicoceras, which has
Nautilus also has many
several species in Europe, as well as in America.
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The Ammonites Lewesiensis Mant.,
species.
England, has a diameter of a yard.

from the

1458-1462.

148

1450

Lower Chalk of

1462

\'1 II

-

'-'

1461
d
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1460

__-

.--"'
CZPEALOPODS, Ammonite Family.
Fig. 1458, Crioceras Duvalil ; 1459, Ancyloceras Matheronlnum,
1460, Hamites attenuatus; 1461, Toxoceras bituberculatum; 1462, Turrilltes catenatus.
Vertebrates. -1. Fishes. - The earliest of the Teleost Fishes are first
known from remains in the Middle Cretaceous, and with them were Sharks
of modern as well as ancient type, with numerous Ganoids. Among Teleosts,
the Salmon family was represented by species of Osinerokies (Fig. 1463),
1463.

TELEOST. - Osineroides Lew'stensls (x 1).
8 to 14 inches Ion,; the Perch family, by species of Bpi-!/x; the T lerrings, by
Sallrodont's,
species of Clupea : Mackerels, by several species, the rapacious
I'Orth('US,
by specie of the Aiiieriean genera Se uro''j/uilis, Je/lt/l!/O(IP(t(5.
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Daptiiins, etc. Ganoids were numerous, both of Cestraciont Sharks and of
Squalodonts, the latter being represented by species of the genera Garcharias,
Lam na, O.r!/rhena, O(lontaspis, Otoths, etc.
2. Reptiles. -The Wealden of England, a region of great marshes and
lakes, and the beginning of the Cretaceous, has afforded remains of 30 or
more species of 1)inosaurians, Crocodilians, and Plesiosauria.ns. The number
is very large even for an area of 20,000 square miles (100 miles by 200). But
these Reptiles may not all have been coteiiiporaries ; yet the period was
not so long but that one of the Iguanodons that existed in the Lower Weal
den continued on into the Lower Greensand. Moreover, the species known
may not be a fourth of those that existed in the region during the Wealden
epoch. rflle\ included Dinosaurs of nearly all the subdivisions: the Her
bivorous Morosaurids, as Moi'osu urus (Pelorosau rug) Bee1fle,sii, GetiosauruS
brevis ; Stegosaurids, as Iiybuosaurus Oweni and Polacautluis Foxi; Ornitho
poda, as Iguanodon Bernissartensis, 33 feet long, I.

i1antelli 20 feet long,
1465.
-
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1464.

a

'
I -

1)INOsALTR. -Fig. 1464, Iguanodon Bernissartensis (x ). 1)ollo.

1465, 1. Mantelll, tooth, natural size. ?Iantdfl.

IIiIp,ilop1iodon Foxi ; Carnivorous Dinosaurs, as Meqalosaurus Dunkeri.
And with these an(l other Dinosaurs, there were sonic Crocodilians, a
Plesiosaurus, Chi'lonians. and several species of Pterosaurs.
The skull of an Ignanodon, from the Weahleri of Belgium, is represented

in Fig. 1164, and a tooth, full size, of I. 1[aiite1li, from the Wealden, in Fig.
1465. The foot, which is over 4- feet long, has the three-toed characteristic
The genus was named from a resemblance in the teeth
of the Ornithopods.
to those of the Tguaiia. Among the Pterosaurs, the genus Oriithostonia of
Seeley includes a toothless species from the Cambridge Greensand, related to
P/eranodon of America.
After the \Vealdeii, Reptiles were less numerous. But both Herbivorous
The carnivorous Acanthopholis
and Carnivorous Dinosaurs continued.
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horridus of Huxley occurs in the Upper Cretaceous, and Megalosaurus Bredai
of Seeley at the top of the Cretaceous in the Maestricht beds.
Mosasaurids
make their first appearance after the Neocomian, as in America; a Liodon
occurring in the Upper Chalk, and Mosasaurus Gamperi Meyer (Fig. 1466),
in the Maestricht beds, and also at Lewes, England.
1466.
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Mosasanrus Camperl (x

).

At Gosau in the northeastern Alps, Austria, remains of the horn-cores
of Ceratopsids have been found in beds of the Upper Greensand, and described
under the name Struth tosa u rus.
3. Birds. - Imperfect remains of two species of Enaliornis Seeley have
been obtained from the Cambridge Greensaud; and Professor Seeley observes
that they may be related to the Hesperornis of Kansas. A species of Palceornis
occurs in. the Wealden.

4. Mammals. - Only one species had been reported up to 1894.
It is
referred to the Jurassic Marsupial genus Plaqianiux.
The only specimen
is a molar tooth from the Wealden of Hastings (S. Woodward, 1891).
Local Subdivisions and their Characteristic Fossils.
1.

LOWER CRETACEOUS.

A. Great Britain. - 1. The WEALDEN. (a) The Hastings sand and clays, or Lower
Neocomian, which have afforded, besides plant remains and fresh-water shells, the bones
of many Saurians.
(b) The Weald clay or Middle Neocomian (400'-iOOO'), containing, at a level about
100' from its top, the Paludina limestone, sometimes called Sussex marble, consisting
" renowned in the annals
chiefly of fresh-water shells of Paiwlina fiuviorum - a marble
of church architecture." In addition to fresh-water shells, and fish remains, there are
remains also of Reptiles ; and on the Isle of Wight occur Exoypra sin uata and an Osirea.
The Lower Greensand,
overlies the Wealden in southern England, but overContains Ammonites (iloplites) Deshayesi,
laps northward the Upper Oölytic beds.
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A. (Hoplites) I'Toricus, Ant yloceras gigas, Diceras Lonsdalei, Exogyra sinuata, Gervillia
anceps, Pinna Mulleti.
The clays of Speeton cliffs of the Neocomian have afforded marine fossils ; the Lower,
the 3 zones of Amnwnies (Ohusttphanus) A ierianus (lowest), with Toxaster complana
tus, Olcostephanus Speetonnsis, Hoplite iVoricus; and the Middle, Pecten cinctus, Exo
gIrz sin uata, Belernuites jacnl urn, etc.
B. France. -The term Neocomian, as first used (by D'Orbigny) was restricted to
beds of the age of the Wealden ; his Urgonian (named from C)rgon, Bouches-du-Ithône),
as used by Lapparent corresponds to the lower part of the Lower Greensand (Atherton
clay) ; Aptian, to the rest of the Lower Greensand, except the upper part (Folkestone
beds) ; and .Aihian, to the latter with the Gault. Lapparent includes all to the top of the
Gault in his '' Infra-Crétacé."
The Neocomian is divided into (1) the Valenq(nmn (so named from the Château de
Valengin, near Neufchâtel), and (2) the Hauterivian (so named from Hauterive). The
Valenginia n contains Toxaster Campicheii, Strombus Sa u(ieri, Pygurus restrat w, Yerinea
Fueret, N iIertani; and the Hant.erivian, Dysaster orulum, Toxaster cornplanatu., O.trea
Coo lou i, 0. macroptera, Pinna l!u!letI, Trigonia earinata, Ammonites (Hoplites) radi
atus, A. (Enqonoceras) Gervillianus, A. (Olcostephanus) Astierianus.
The Urgon ian contains lieteraster oblong its, Req ulenia ammonia, R. Lonsdale 1,
Radiolites Neocomiensis. The upper part of the Urgonian, containing Heteraster obtongus
and Requienia oblonga, is the Rhoda nian of Renevier. In southern France, toward the
Pyrenees, the Urgonian contains Requienia Lonsdalei with Orb itulina conoidea, 0. dis
coidea, Nerinea giga ntea, Heteraster oblongus.
The Aptian (from Apt, in Vaucluse) contains, at the Perte-du-Rhône, Epiaster poly
gonus, Pikatula placunea, Ostrea aquila, Triqonia caudata.
In Germany, the Lower Cretaceous to the base of the Gault is the Hils formation or
Neocomian. In northwestern Germany, in Hanover, on the borders of Holland, the Hastings
sand is represented by the Deistersandstein, containing some coal, remains of Reptiles
including the Iguanodon, and many plant-,; and above this is the Weald clay (Wilder
thou) 70'-lOO'.
The marine beds in north Germany contain Toxaster complanaties,
Ammonites (Olcostephanus) Astierianus, Hoplites radiatus, Hoplites I%Toricus, Exoqyra
Gonloni. Next is the Gault, the tower part of which is made the equivalent of the Lower
Greensand of England, or the Aptian, with Ammonites Martini, A. Deshayesi, Exogyra
Couloni, and the rest the English Gault, with Ammonites (&hlönbachia) infiatus, A.
(lloplites) auritus, A. (Floplites) lautus, A. (Hoplites) interruptus.
2.

UPPER CRETACEOUS.

1. Albian or Gault. - In England contains Ammonites (Hoplites) auritus, A. (SchWnbachia) varicosus, A. (Schliinbac/iia) cris(atus, A. (Acanthuceras) iii ammillaris, Inocera
mus snlcat.ns, 1'! eroeera. bicarinata, ha mites attenuatus (Fig. 1400), Toxoceras bitubercu
laturn. (Fig. 1401), Turrilites eatejzat.us. Includes :3 zones according to Barrois, those of
(1) 1S'eh!Thihac/iia infiata ; (2) lioplites iflt.Prruj)tU.S (3) Acant/weeras m.ammillare. In
France, near Montiêrender, there are the Ammonites (1) Schlönbaehia inilata ; (2) Hop.lites spienilens. Th)Jilites auritus, Acanthoceras mammillare, Hoplites Deluci, Acq.izt/tocercts
Lyelli ; (3) Turrilites catenatus. The Gault is the Fiammenmergel of Germany with
Sc/ilönbachia inilata, llopiites lautus, Hoplites auntus, A ucella gryphwo ides.

2. Cenomanian. - In England consists of (1) the Upper Greensand, (2) Chloritic or
Glauconitic Marl, (3) Chalk Marl, (4) Gray Chalk. The Upper Greensand contains below,
E.roqra con ica, Pecten q uadnieost.atus, Inocerarnus eoncen tnicus, (Yardin in Hilianum,
Triqon.ia scabricula, Hamitus ait.ernatns, and above, Ilolaster flfJdlllOSnS, Perten aspen,
Terebrat u/a biplicata, Rhynch one/la compressa. The Chionitic Marl contains Terebratula
DANA'S MANtTAL- 55
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bipticata, Solarium ornatum, Plicatula iiflata, Sehionhachia varians. The Chalk Mart
contains Iloiaster ?a'vis, R/ninchonel?a Martini, Turrililes costatus, Inoceramus striatus,
&hiönbaehig varians. The Gray Chalk, which is the upper part of the Cenomanian,
called also the Lower Chalk, includes in England the zones: (1) of S'caphites wqualis and
Plocoscyphia mwandrina; (2) of B/iynchonelia Martini; (3) of Holaster suhylobosus;
(4) of Belem nitella pie na.
In France, the beds in the valley of the Seine, called the "Craie glauconieuse" or
Rhotrnnagian of M. Coquand, contain Holaster suhorhicularis, Cularis vcsiculosa, Am
monites (Acant/ioceras) Rhotonaagensis, Acanthoceras lIantelii, Turrilites costatus, Pecten
asper, Inoceramus striatus. The overlying Carentonian of Renevier is the zone of Ostrea
biauriculata, Belemnitelia pie na, Caprincc adversa.
In Germany, the Cenomanian is the Lower Planer, affording Pecten asper, Ostrea
dilut'iana, Cat opygus carinatus, &h Wubuehia variaus, Acanth oceras il/i otomagense,
.Acanthoceras .LiIanteiii, Turrilites costatus, 7'. tuberculatus. Three zones are recognized
(1) zone of Pecten asper and Catopiqus carinatus; (2) of Se/ilönbachia varians; and
(3) of Acanthoceras lihotonzagense and Holaster su bylobos us.
3. Turonian, or the Lower White Chalk without flints, with the nodular chalk of Dover
at the top, contains Hoiaster plan us, Ananciiytes ovatus, Rhynchonelia Cuvieri, B. ph
catihis, Ostrea vesicularis, Spo ndylus spinosus, Ammonites (Pachydiscus) perampius,
Hemiaster yemen iii. Scaphites Geinitzi.
In England the zones recognized are: (1) of .Rhynchonelia Cuvieri; (2) of Tere
bratulina gracihis; (3) of Hoiaster p/anus.
In France, (1) the Ligerian (named from the basin of the Loire) (the Middle Planer
of Germany) is the zone of Exoyyra columba, Inoceramus labiatus, Pinna clecussata; and
(2) the Angoninian, the zone of Terebratula grad/is, Holaster pianus, and of Racliolite
and Hippurite limestone in the eastern Alps.
4. Senonian, or the Chalk with flints (named from a locality of chalk at Sens).
Contains Ananchytes oratus, Micraster cor-bovis, ii! cor-anguinum, il!. glyphus, Inoce
ramus labiatus, Spondylus spinosus, Ostrea vesicularis, Belemnitehla quadrata, B. mucro
nata, Scaphites puicherrirnus. (1) The Santonian is the zone of Micraster brevis, M. cor
anguinurn, and Inoceramus digitatus; (2) the overlying Gampanian is the zone of Ostrea
vesicularis, Belemnitehia mucronata, B. quadrata, and includes the Upper Quadersandstein,
the Lemberg chalk, and chalk of Meudon and of Reims.
5. Danian. -The Lower Danian or Maestriehtian or Dordonian is the zone of
Nautilus Danicus, Ostrea decussata, Belemnitehia mucronata, Bacuhites Fanjasi, the
Upper or Garu,nnian (named from Garonne), that of Micraster tercensis, and includes
the chalk of Faxe, fresh-water beds in Provence, and marine and brackish-water beds in
the Pyrenees, 100' to 1000' thick. From the Danian comes the .2lfosasaurns Uamperi

(page 864).
In Provence, southeast France, the SENONIAN, overlying the ilngoumian, or limestones
: containing Hzppurtes Petrocorriensis, etc., includes, according to M. Toucas (18111)
1. The SANTONIAN (a) with ilippurites giganteus, R/iynchoneila PetrocorrieflsiS, Tn
Am
gonia himbata ; (b) with Arnm. tricarinatus, Ilippurites brevis, Micraster brevis; (c)
monites Texanus, Inocerarnus eligitatus, Cidaris ciaviqera; ((1) Ammonites Texa nus,
Actinoceras veru m, Ilippu rites Curharicus, Cidaris cia vigera.
2. CAMPANIAN, (a) hippy rites (lilatatus, if. Toucasi, If. sorialis, Ostrea vesicnlaris,
Ci(h) Hippurites dilatatus, If. floridus, Ostrea Jferceyi, Schizasier atacus; Upper, (c)
daris cretosa, Ostrea Matheroni, Lima decussata; (d) Ammonites GaUici, .Werinea hisul
eata, llippurites, Hemiaster Regulusanus.
The following species are reported from different continents : Ostrea larva, North America; Europe ; India. (Jryphwa vesicuiaris, North America;
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Europe; southwest Asia. Exogyra lrvigata Sow., Europe; Colombia, South America.
Exwpra Boussinqauljjj D'( )rb., Europe; Colombia, South America. Inoceramus Crispii
Mant., North America ; Europe. Inocerainus latus Mant., North America ; Europe.
inoceramus mytiloules 1\Iant., North America ; Europe. Neithea Mortoni, North Amer
ica ; Europe ; India; Peru, Smith America. Pecten circularis Goldf., North America
Europe ; India; Peru; South America. Trigonia limbata D'Orb., North America;
Europe; India. Trigonia alifornis Sow., North America; Europe; southwest Asia;
Colombia, South America. Trigonia longa Ag., Europe; Colombia, South America.
lJip))Ur(CCS orqanisans, Europe; southwest Asia; Peru and Chile, South America.
Xerjnea bisulcata 1)'Arch., North America (Texas) ; Europe. Baculit's anceps, North
America ; Europe ; Chile, South A merica. Ammonites vespertin us Mort., North Amer
ica; Europe.
In South America, in the Argentine Cordillera, Behrendien found the following
European Cretaceous species: Hoplites dispar I)'Orb., H. Desori Pictet, Litliodomus
prcciomius 1)'Orb., t7carbula Neocomiensis 1)'()rb., _Ilytilus simplex and .31. Carteroni
D'()rb., E.coyyra subplieata Rum., Astarte obovata, and others (1802). Two Cretaceous
fossils from St. Paul's arid St. Peter's, islands in the straits of Magellan, have been described
by C. A. White (1-roc. U. S. Nat. Mus., xiii., 13, 1890), namely a large liamites, probably
H. elatior of Forbes, a species collected by Darwin, and a large Lucina.
In La Plata, in South America, the Cretaceous (probably Lower Cretaceous) has
afforded, according to Lydekker (1893), Dinosaurs, of new genera, two of the Sauropod
type, Titanosaurus and Aryyrosaurus, and one Mkroca'lus, of undetermined relations.
The Cretaceous of Brazil along the coast region between 30 and 13° S. probably
constitutes the Abrolhos Islands, and is found also in the interior along the Purds. The
Bah Ian group of 1-Iartt, supposed to be Neocomian, has afforded Saurians; the Sergipian,
Upper or Middle Cretaceous, contains Ceratites and Ammonites, some identical with
species of the Texas Cretaceous. The Continyniban group, probably Senonian, as in the
Province of Sergipe, contains Ammonites and Inocerami. The Aniazonian group of
I'urüs - Upper Chalk or Maestrichtiaii - has afforded remains of Mosasaurs and Turtles.
GENERAL OBSERVATIONS ON THE CRETACEOUS PERIOD.
GEOLOGICAL AND GEOGRAPHICAL PROGRESS.
1. General progress. - Continental progress in North America previous
to the Cretaceous period was chiefly interior work; the work of the great
Interior Continental seas,-endogenous, as it has been styled. During the
Cretaceous period, this endogenous work was continued over the Western

Continental Interior; but, in addition, progress went forward largely through
sea-border work, on both the Atlantic and the Pacific sides. On the Atlantic,
after marine formations began, no outside ridges or elevated land are sup
posed to have existed; and this appears to have been the fact also on parts

of the Pacific border.
In Europe, the rock-making continued to be essentially Interior Conti
nental throughout the period. The beds of Mull, Morven. and Antrim were
deposited within one of the continental troughs; for the Arehwan Hebrides
It was the
existed outside, and probably were a longer range than now.
in
which
beds
had
been
same sinking trough, moreover,
deposited during
earlier Mesozoic times.
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2.

Changes at the close of the Lower Cretaceous. -After the earlier
Cretaceous, the emergence of the Mexican plateau took
place, shutting off
the Atlantic waters from the Pacific; and at the same time, movement
change occurred in Texas.
According to Hill, faults and flexures were

produced, especially in the vicinity of Austin.
The general direction of
the faults in the region is N. 200 E.
The amount of displacement is
gen
less
than
100
feet;
but
in
the
chief fault it is 500 to 750 feet, and
erally
the course is marked by an escarpment 100 to 250 feet
high.
Along the
faults the beds are in some places flexed, and the limestone is rendered
crystalline. Moreover, there is an abrupt transition in species in passing
from the Lower to the Upper Cretaceous.
The Potomac beds, of the
Atlantic border, underwent some change in level and some surface erosion;
but no upturning.
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On the California coast the continuity of the ShastaChico series indicates
that the general subsidence mentioned by Diller as in progress
during the
Cretaceous period was not interrupted at the close of the Lower Cretaceous.
But in Western British America, the increased subsidence which introduced

the Upper Cretaceous, and spread the sea over the Continental Interior, is
supposed by G. M. 1)awson (1890) to be marked in a deposit of marine
conglomerates, occurring in many places in the southern part of British
Columbia, in the Queen Charlotte Islands, northward about the
Upper
Yukon, and eastward along the line of the Rocky Mountains. Dawson
reports also that at this stage of the Cretaceous, or near it, there was
renewed volcanic activity in the Queen Charlotte Islands and in the Rocky
Mountain Range.
BIOLOGICAL CHANGES AND PROGRESS.

Part of the biological history of Mesozoic time has already been reviewed.
Still greater changes took place in this later portion, and these now come
under consideration.
Plants: Gycads, Angiosperms, Palms. - The Cycads, the most characteristic feature of the Triassic and Jurassic, had their maximum develop
ment during the latter period.
They were still prominent, however, in the
forests of the Early Cretaceous, and flourished even in the Arctic regions
on Greenland, Spitzbergen, and Alaska; but they were subordinate to the
Conifers, and, in the Upper Cretaceous, to the Angiosperms.
At present
there are only about 50 species of Cycads.
The line leading up to Angiospertus is uncertain. It is a notable fact

that remains of plants of this class are wholly absent from the Wealden of
England and from the Kootanie of America, and that only one species of
doubted locality has been reported from the Neocomian of Europe.
The
75 species identified by Fontaine from the fossil leaves of the Potomac
formation of eastern America show that the trees were then well established
in the American forests, although Conifers were by far the more numerous.
But still, as Fontaine shows, they leave their origin unexplained.
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The Palms came in during the Middle Cretaceous as the decline of the
It. is supposed probable that they were in the
('ycatis made progress.
successional line of some type of Cvcads, since they approach them in their
foliage, in their usually simple stems, and in having the pithy interior
traversed by bundles of woody fibers.
I'ro,ress in Mollusks: Cul,n.inatious under the ('We. -The Tetrabranch
Mollusks, winch inclutle the Nautilus and Amunionite tribes, pass their climax
and decline in the Cretaceous Period. The Nautiloid, which commenced
with a straight hotly and a shell no longer than the little finger, amid was

continued in curved and coiled forms, and reached its maximum
in the
('arhoniferous, is continued to the present time, but only ill two or three
specks of Nautilus; and these are the last of the Tetrabrauchiates. The
Amnmonitt' section, which commenced with the closely coiled (oniatite in
the Early Devonian, became increasingly complex in the flexures of the
septa. and finally two to three feet in diameter in the Jurassic and Cretaceou.s
seas. where it numbered thousands of species. It disappeared entirely, or
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nearly so. at the close of the Cretaceous.
The flibraiwhiate Mollusks, or the Cuttle-fishes, whose shells are internal
when any exist, are known first from the later Triassic beds.
Under tile
Behiimmite family they become very numerous in the Cretaceous and

apparently end at its close. But other Cuttie-hshes were continued; and
probably the giant species of modern Newfoundland and other
having
bodies 1 to 15 feet long, arms of 25 feet. and eyes of S inches diameter, the
largest in the animal kingdom, are evidence that the type, and the type of
Mollusks, has now its time o culmination as to grade of species, though
not as to numbers and predomiminance in the marine fauna of the world.

Fishes: their culmination ?n Mesozoic time. -The type of Fishes is
supposed to have culminated as early as time Triassic in the C'eraiodus and
related I)ipnuans, which have rudimentary arms in the fins, essentially
hugs as well as gills, and other Amphibian-like characteristics. The line to
the Teleosts, through the Amioitls, was a (leelin Lug line. In sonic respects

the Teleosts are more highly specialized, but not in a way toward superiority
they are purer representatives of the Fish-type, and better illustrate the fact
that the Fish-type is a low style of Vertebrate. The Selachians bold to
their early characteristics of a cartilaginous or semniosseous skeleton, of gills

without gill-covers, and of a hieterocercal or vertebrated tail. The Cestraeiont
Sharks, which were common in the Cretaceous, became fewer afterward, and
now only four species exist - and these live in Australian and Japan seas.
The Squalodonts. om' Sharks of modern type, reached later their time of
maximum display.

Decline in ilmp/til'ians.
Amphibians. so far as registry gives evidence,
In the scale-covered and large
were few in species after the Triassic period.
toothed Labyrinthodonts of the Permian or Triassic periods they p:issel their
No American, British, or Euromaximum as to size, grade, and numbers.
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pean species of Cretaceous Labyriuthodonts are yet reported. The species
were too few and too largely terrestrial to have secured frequent fossiliza
tion.
Reptiles. - The Reptiles of the Cretaceous are for the most part a con
tinuation of Jurassic types, without marked evidence of upward progress.
The Horned Dinosaurs, or Geratopsid of Marsh, probably the latest of the
larger species, while showing striking advances toward Mammalian forms
in the bovine or rhinoceros-like horns and the two-pronged teeth, are a
As Marsh states,
degenerate group, specialized downward, not upward.
have
heads
and
the largest
smallest brains of any of the Reptile
they
race.
The Mosasaurids also, exclusively Cretaceous species, illustrate profound
degeneration. For, in these Snake-like species, the Lacertian type becomes

enormously inultiplicate posteriorly in the vertebral column; the legs are
reduced to fins, as in Plesiosaurians, the posterior part of the body is turned
into a fish-like skulling organ, and made the chief means of locomotion; and
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the pelvic girdle has lost connection with the vertebrae, there being no sacrum.
Here degeneration has developed, not imperfect limbs and a defective skele
ton, not something between a Fish or Amphibian and a Reptile, but a pro
foundly decephalized Reptile, adapted to aquatic life as if its outcome. The
last of the Mosasaurs in America occur in the Montana Cretaceous; in Europe,
in the beds of Maestricht.
Snakes

are known from the American Laramie,

and

also from the

They were no doubt successors to an aquatic type,
and related, it is supposed, either to the Mosasaurs, or to the Dolichosaurs of
Cretaceous of France.

the English Chalk.
The true Crocodilians have a heart of four cavities, and traces of a
But these high charac
diaphragm; and the teeth are implanted in sockets.
teristics lose part of their apparent significance in view of the fact (1) that
the four-cavity heart, after all, does not prevent the commingling of the
venous and arterial blood before it enters the system; (2) that the character
of teeth in sockets began in the Permian; and (3) that the animal has limbs
so short that it "drags its body somewhat along the ground," in true
Reptilian style.
The Dinosaurs, on the contrary, stood on long limbs like a Mammal, and
had nearly the same freedom of locomotion.
The.), were, however, as has
been explained, uiero.thenic Reptile's, that is Reptiles having great and
small
powerful hind limbs as the chief organs of locomotion, with usually
fore limbs and small brains. If they were the highest of Reptiles, then the

Reptilian type reached its perfection uiidt'r a muerosthenie structure.
But the distinction of highest, as remarked on page 797, probably belongs
The largest species ot
to the Pterosaurs, which are eminently pro.thenic.
It. is not improbable that
the group existed in the Cretaceous period.
of the
they had a double heart, like the Crocodiles, and one. as gooil as that
Birds.
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There are grounds enough, therefore, for the conclusion that the class of
Reptiles culminated in the latter half of the Reptilian age. The reality of
the Reptilian feature of the era comes out strongly on comparing the great
Reptiles in the \Vealdeu as to size and numbers with those of the present
ti iiie.

Now, in India, or the continent of Asia, there are but two species of
Reptiles over 15 feet long; in Africa, but one ; in all America, but three;
and not more than six in the whole world; and the length of the largest
does not exceed 25 feet.
During the Wealden there lived in England alone
16 large Dinosaurs and 12 Crocodiles, besides a Plesiosaur and three Ptero
saurs.
The Reiqu of Reptiles becomes more strongly pronounced when
the, little Marsupial Mammals of the era are brought into view by way of
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contrast.
Birds. - Since Birds are so poorly represented among fossils, little can
be said as to progress in the Cretaceous period beyond the fact that part of
the Cretaceous Birds, as known first from Marsh's discoveries, retained the
teeth of the Jurassic Birds; and some, even the low character of biconcave
vertebrw.
They had lost the Reptile-like bones and fingers of the fore limb,

and the long tail existing in the Jurassic species, and had, in general, the
style of vertebrae characterizing modern Birds, besides modern features in
most other respects.
It is also a fact of interest that already degenerate forms were in exist
ence under the Bird-type; for such is the Hesperornis, Is shown in its
obsolescent wing-bones and wings, a feature that reduced it to the meros
theme condition of an Ostrich and a Dinosaur. Thus, between the Middle
Jurassic and Middle Cretaceous the Bird-type reached essential perfection,
though not advanced to its highest stage, and also it passed along at least
one line downward to Ostrich-like imperfection. The presence of teeth is
not a structural imperfection. Their absence looks niuch more so; but it
is not inconsistent with a high and advancing grade of structure in all other

respects.
- The Monotremes and Marsupials from the Creta
Progress in Mammals.
ceous formation show little progress in Mammals beyond the condition in the
Jurassic period - nothing, up to the present time, that bears the decided
character of a placental Mammal. As the known fossils are mainly teeth
and jaws, full comparisons are not yet possible, and certainty of conclusion
as to the question, Marsupial or not, is not yet, in all cases, possible.

Contrast of the European and North American marine faunas. -The
contrast between the marine species of Europe and North America, which
characterizes the Early and Middle Mesozoic (page 792), continues, but in
diminished degree, into the Cretaceous period. The following table gives
the number of species that have been described from the Cretaceous beds of
Great Britain and North America, under the tribes mentioned in the first
column; the former from Etheridge, as enumerated by him in 1885; the
latter, by Whitfield, in 1894.
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Great Britain, lSSti,
Etheridge
76
201
106
470
298
200
20
14
110

Corals
Echinoderms
Brachiopods
Lamellibranchs
Gastropods
Ammonoids
Nautiloids
Belemnites
Crustaceans

American, 1894,
B. P.WIiitfleId
27
(35
28
1329
839
224
12
19
17

The contrast is equally great with the marine fauna of the Parisian and
Mediterranean basins in Europe.
It will be noted that the American
species are from all North America. The species are, it is true, but imper
Great
fectly studied; yet the contrast, if all were known, would be strong.

Britain leads in species of clear seas, and those of moderately deep water
Corals, Echinoderms, and Brachiopods; and if the comparison were confined
to the Atlantic border of North America, immensely so in Amnmonoids and
The number of both groups from this border is only .94, and
that of Echinoderms less than 15.
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Nautiloids.

But in number of species of Reptiles America is far ahead of Britain and
Europe; and probably because its broad Western Interior had a vast extent
of shallow sea-borders and emerging lands, and thus afforded them especially
favorable conditions for existence.

CLTh!ATE.
During the Cretaceous period, a warm climate still prevailed over the
earth even to the poles, but with some cooling during the closing part of
the period; and in North America with a great Central Interior Sea, to the
end of the period, the climate was moist. The Cycads and associated species

of plants in the lower Cretaceous beds of Greenland indicate, according to
Heer, a mean temperate of 21'C. to 22° C., or about 700 F. to 72° F. This
The facts prove that a somewhat similar tem
temperature is that of Cuba.

perature prevailed at the same time over Spitzbergen and in Alaska, where
the same flora existed; even along the Atlantic border at least as far north as
Long Island; in the region of the Kootanie beds in Montana and the neigh
boring part of British America; and over more western North America
to Alaska. The Gulf Stream of the Atlantic may account in part for the
extension of so high a temperature to Greenland; and a like stream over
the Pacific, for that to Alaska.
The plants of the Vancouver coal-beds, and those of the Patoot beds in
Greenland, which Dawson refers to the age of the Montana series, he com

pares with those of Georgia at the present time, where the mean tempera
ture, he states, is about 65° F. The Dakota plants of Kansas and elsewhere,
with those of the Mill Creek group, Canada, and the Atané of Greenland,
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are intermediate in kinds, some Cycads being present in Greenland as well as
Kansas, and evidently indicate an intermediate temperature. The flora of
the Larainie, without Cycads, is, according to the same authority, " not a
tropical, but a temperate flora.."
The testimony as to temperature from the animal life of the Cretaceous
seas bears in the same direction with that from plants.
There appear to
have been no true coral reefs in the British seas; but they were present
beyond doubt in the Mediterranean basin. The facts lead to the inference
that the temperature of the waters about the British Islands was below a
mean of 68° during the coldest winter month, but not much below, while
a large part of southern Europe was within the Coral-sea limit.
Texas
was

in

all probability included by the same temperature -boundary,
although no true coral reefs and not many species of Corals have yet been
reported from the region.
The distribution of a like fauna, for the most part, in the Lower Green
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sand group of New Jersey, the Ripley group of the Gulf border, and the
Montana division of the Cretaceous of Texas and the Western Continental
Interior testifies to a nearly common temperature in the waters through this
long geographical range. But it cannot be inferred that in the earlier
Colorado epoch, or the later Lararnie, the temperature was alike in the
waters on the Atlantic border and in those of Texas or of the Interior Con
tinental sea; for the influencing conditions were widely different; and hence,
even if there were a full series of fossils, there would be marked differences
in the cotemporaneous beds of the Interior and the Atlantic border.
The

Texas waters were within the subtorrid influences of the Mexican Gulf, with
no probable source of cold in Arctic currents.
But on the Atlantic border
the Labrador current may have much modified the temperature of the
waters, even if partly shut off by the closing of the Straits of Belle Isle.

The coast had, apparently, no Cape Hatteras, and the waters of the Gulf,
therefore, had free sweep from the tropics to Cape Cod; and this would
have reduced the effect of any Arctic flow to a minimum.
GONDWANA LAND.
The belt of emerged land between India and South Africa, mentioned on
page 737, is supposed to have continued to exist through the Jurassic and
Cretaceous periods. R. D. Oldham remarks, in his paper of 1894, speaking

of the contrasts of the fauna of eastern and western India, that in western
India the Jurassic fossils belong to a fauna that is represented in the north
of Madagascar, in northern and eastern Africa, and also in Europe, differ
ing so completely from the fauna of eastern India, that "only a few
species of world-wide range are found in
of plants in the Jurassic RI.jmaliii series
mostly identical with, or closely allied to,
series occurring near the coast of South

both."
Further, the remains
of the east coast of India are
the species of the Uitenhage
Africa, and now regarded as
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Neocomian or Lower Cretaceous; besides, at least one species of shell
occurs in both regions. It is thus shown that the belt still existed during
the early Cretaceous, and that, at the same time, as he observes, some
barrier along the region separated n India an eastern zoological province
from a western. With reference t the connection of South Africa with
Australia, all known facts would l
explained if it were confined to the
Permian and early Triassic periods.

POST-MESOZOIC REVOLUTION: MOUNTAIN-MAKING AND ITS
RESULTS.
The vptu?'ning. -The close of Mesozoic time was marked by the making
of the greatest of North American mountain systems. The upturnings took
place along the summit region of the Rocky Mountains, where over a broad

belt, as long probably as the western side of the continent, a series of
geosynclines had been accumulating deposits ever since Archan time.
This mountain system of North America, which stands as the Mesozoic
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time boundary, is the Laramide system already described, explained, and
illustrated on pages 359-364. The system includes the Wasatch range,
and others to the north and south.

Another figure (Fig. 1467), representing
a section of the Lower Cretaceous in the eastern mountain range of Mexico,
The
northwest of Monterey, is here added from a paper by R. T. Hill.
beds stand in a series of nearly vertical anticlines and synclines, from
1467.

Section showing the folding of the Comanche limestone in the eastern mountain range northwest of Monterey.
It. T. 11111.
A section showing
participation in the system of Laramide upturnings.
vertical beds of limestone and a flexure in the Climate Mountains, 25 miles
north of Presidio, not far from the boundary of Texas, is published by
C. A. White in his Correlation Report on the Cretaceous of North America.
Further, Streeruwitz has given sections illustrating the upturned condition
of the Cretaceous formation of the Sierra Blanca and other mountains in
Trans-Pecos, or western, Texas.
The great belt of orogeiiie work

the Arctic regions
of equal
through North America, was probably paralleled by like work,
A long lesson with
extent, in South America, but on a more eastern line.
work is
regard to the comprehensiveness of mountain-making forces and
afforded by the single case of North America; and it comes with tenfold
120° of
emphasis if the western borders of the two Americas, through
extending from
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latitude, or a third of the circumference of the globe, were undergoing
simultaneous orogenic movements, with like grand results.
The de OS it-inakiii g, preparatory to the Laram ide system of ranges,
began, as has been stated, in the Cambrian, and went forward, with some

large interruptions, until the subsidence in the geosynelines of deposition
amounted to 25,000 feet. While the Laramie epoch was passing, there was
a deepening of 10,000 feet in some places during the Cretaceous
period alone,
and in Montana over iO0() feet if the estimates of thickness are right.
As once before stated, it is not supposable that the Archan
ridges
bounding such troughs participated in the great subsidence. Assuming the
load of sediments to have caused the sinking, in accordance with the isostatic
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theory, the trough would have been made in the waters off the shores, and
would have been greatest a little distance out from the shores; and the same
might be a consequence if lateral pressure were the cause of the subsidence.
The denudation of the ridges would have caused them to rise rather than
sink.

The earlier movements connected with the upturning appear to have
begun before the Larainie depositions were completed, producing, according
to Cross, a small unconformity in bedding between the Lower Laramie and
the Denver beds, besides unconformity by erosion. The latter is described
by
Weed as marking the junction of the Lower Laramie and the Livingston
beds. But the erosion-plane occurs at a level 200 feet below that of a
brackish-water bed, abounding in Oyster shells, like those of the Lower
Laramie, showing that true Laraiuie conditions still prevailed, and that the
erosion was an event of minor importance. If the orogenic work had actually
begun, violent currents in the water may have been produced where quiet
deposition had before been in progress; and then great excavations of the
earlier-made beds may have been occasioned, followed by depositions of con

glomerates and other coarse beds. Moreover, earthquakes and earthquake
waves from the adjoining sea may have been an agent in producing erosions
of the unconsolidated strata.
The erosion at the base of the Upper Laramie has been supposed to amount

to several thousands of feet and to have taken place as a result of an eleva
tion of the region to this height; and this elevation has been thought
necessary for the supply of the Paleozoic material of the conglomerates.
But such a lift of the region would have changed the climate, and through

consequent river-erosion would have cut down the Laramie formation into
mountain valleys and ridges; and it would also have exterminated the fauna
and flora; when, in fact, horned Dinosaurs existed after it, while the Denver
beds were in course of deposition, and their bones are associated with those
of various other Dinosaurs in regions not far distant.

Igneous eruptions were also a feature of the early stages of the orogenic
movements, and also of its latest. The Wasatch, as described by King
(see map, page 360), had its outflows of trachyte chiefly from the region

of greatest wrenching between the main range and the Uinta plateau.
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The laccoliths of the Henry Mountains in southern Utah
(page 301),
to
Gilbert's
are
other
of
according
this time of dis
descriptions,
products
turbance; and so also, as remarked by Hills, those of the
Spanish Peaks in
southern Colorado.
Other eruptions of the epoch contributed to the
making of some of the
remarkable silver and lead mines of the Rocky Mountain
S. F.
region.
Emmous, in his excellent Report on the famous Leadville region
(page 340),
briefly considers the question of the age of the veins.
He points out the
fact that some of the largest eruptions preceded the Laraniie
upturning,
while others attended the upturning; but he leaves the question as to the
Emmons also considers it probable
precise time of vein-making undecided.
that a large part of the eruptive rocks of Colorado are of the same Larainide
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epoch.
According to Iddings, the igneous eruptions in Wyoming and Montana and the
adjoining Yellowstone Park went on near, and at, the close of the Cretaceous. The rocks
are largely andesytes of various kinds, much like those of Colorado.
They occur as
dikes, intrusive sheets, and laccoliths ; and later in the epoch of eruption, probably in the
early Tertiary, volcanic cones were thrown up. In Montana similar eruptive conditions,
of the same epoch, have been observed by .J. E. Wolff (1892) in the Crazy Mountains,
producing intrusive sheets; and among the rocks occur elao1ite syenyte, and varieties
containing nephelite and sodalite. Similar rocks occur, according to Lindgren (1890,
1893), in the Highwood Mountains, farther north.
The occurrence of dikes of sandstone, as described by Cross (1894), in the granite of
the region of Pike's Peak, evidently filling fissures in the granite, may be mentioned here,
although their time of origin is uncertain. They occur on the west side of the Manitou
Park. They are narrower below, and sometimes branch downward. The width varies
from 300 yards to a few inches and even a thin film. The rock is an even-grained
quartzose sandstone, usually as hard as quartzyte, with some limonite among the grains
as cement.
In

India the eruption of the "Deccan traps," the most enormous on
record, took place probably, according to Blanford, at or near the close of
the Cretaceous. The facts are mentioned on page 299, under the subject of
non-volcanic igneous eruptions. The eruptions at the close of Mesozoic time
mark the commencement of an eruptive period in the earth's history, which
had its maximum effects during the following Tertiary period.
Disappearance qf species. - The disappearance of species at the close of
Mesozoic time was one of the two most noted in all geological history.
Probably not a tenth part of the animal species of the world disappeared at
the time, and far less of the vegetable life and terrestrial invertebrates;
yet the change was so comprehensive that no Cretaceous species of Vertebrate
is yet known to occur in the rocks of the American
and not even
a marine Invertebrate. The only species in North America known to have
continued on into the Tertiary are plants, some of which existed still in the
Miocene, and a few differ little from existing species.
Here ended not only
the living species of Dinosaurs, of Mosasaurs, and Pterosaurs, but these
tribes of Reptiles.
This was true also of the Belemnuites, so far as
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fossils give information, and, with a single doubtful exception, of the Am
inonites; and, among other Mollusks, of the genera Exogyra, Diceras,
Reqtiieuia, I-lippurites, Radiolites, Pterinea, Inoceranius, and others. Part
of the change had been accomplished before the time of the catastrophe,
for decline had made much progress in the Cycads, Ammonites, Belemnites,
and in the Reptilian tribes. But still the destruction was great, world-wide,

one of the most marvelous events in geological history. Among the larger
land animals the species most likely to have escaped extermination are the
Mammals; for many of them had no doubt already accustomed themselves to
the higher lands or ridges of the continents, and their covering of fur would
have made adaptation to a colder climate easy.
The Birds also would have
been to a large extent tenants of the interior and denser forests of the con
tinent of the time. The Pterosaurs might have had, perhaps, an equal
chance with the Birds, but for the absence of a coat of feathers.
As to the cause of the epochal disappearance of species, the remarks on
the like event after the Appalachian revolution, on page 135, apply also here.
The Laramide orogenie disturbance in America passed with no marked
contemporary movements in Europe, none sufficient to account for the
thoroughness of the disappearance of species. Change by modification had
its marked effects, for it has always been in progress; but extermination
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must have been the more prominent method of bringing about the great
result.
Causes of extermination. -Since the destructions were to a very large
extent marine, the oceanic circulation was probably one means of destruc
tion. The world, by the end of the Cretaceous period, had become more
diversified than ever before in its zones of temperature. The emergence
from the ocean of a third of North America had taken place, and probably
of as much of South America, and of large portions also of the other con
tinents, and this would have determined some lowering of the earth's mean
temperature, cooling both the air and oceanic waters. The cooling, during
the Cretaceous period, it is certain, was great enough to drive C.)--cads from
the Arctic regions to latitudes that are now at the middle of the Temperate
Zone. If the change had made the Arctic waters only 15° F. colder than

they were during the Cretaceous period, the polar waters, as they flowed
southward, would probably have been exterminating to the greater part of the
life of coast regions along the shallower waters, and clown to such depths as
Such a cause might make a complete break in the
the cold current reached.
succession of species
as happened in New
the western coast of
Moreover,
Strait.

in a region, without any break in the succession of beds,
Jersey (page 821). Its action would have been least on
North America, because of the shallowness of Bering
under these circumstances temperature would have
worked similarly over the land, forcing Cyc.ads southward, and putting
unfavorable conditions into the old haunts of Reptile life.
The other most probable cause of destruction to life is that from earth
quake waves. The making of a mountain system along the whole length of
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continent,

causing displacements of the rock formations along lines
measuring hundreds of miles in extent, must have been attended by a
succession of earthquakes of unwonted violence, which would have caused
destruction by the vibrations in the rocks beneath, and also indirectly through
the deluging waves sent careering over the land from any seas in the range
of the vibrations.
Whenever the shakings of the continent extended
beneath the ocean, these deluges from earthquakes of Lararnide origin would
have been destructive over all the coasts of a hemisphere. As land was
mostly low at the time, the earthquake waves may have made their marches
inland for hundreds of miles, and have left alive only the smaller animal
species and the vegetation.

This sweeping from the world of so large a part of its life, and especially
that of Mesozoic characteristics, was a much-needed preparation for the era

of the "Reign of Mammals."
It was an opportunity for the "survival of
the fittest" on a grand scale; that is, the survival of those species that could
withstand the special causes of destruction, and of the many that were out
of harm's way.
The exterminations were the removals of hindrances to
progress. The survival of the fittest and of the lucky ones, while not directly
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species-making, was the origin of new associations in continental and oceanic
life; that is, of new faunas and new floras over the world, in which, under
the modified geographical and physical conditions, the elements existed for
further change and progress.

IV.

CENOZOIC

TIME.

It has been observed that, before the close of Mesozoic time, the medieval
features of the era were already passing away. The Cycads had mostly
given place to the Sassafras, Tulip tree, Willow, Maple, Oak, and Palm; the
ancient type of Ganoids, to Salmon, Perch, and Herring; and the Corals,
Ecliini, and Mollusks had close relations to those of existing seas, though of
extinct species. But, notwithstanding these changes, the Mesozoic aspect
continued to the end.
Even the little Mammals, which appeared among the
bore
the mark of the age, for they approximated to the oviparous
Reptiles,
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Reptiles and Birds, in being themselves either semioviparous or oviparous;
that is, either Marsupials or Monotremes.
But with the opening of the new era, the Mammals in their turn became
the dominant race. Types much like those of the age of Man were multi
plied among them, in all departments of nature. As the era advanced,
the first of the species now living appeared, - a few among multitudes that
became extinct; and afterward a larger proportion; and, before it closed,
nearly all kinds of life, excepting Mammals, were identical with those of the
present era. As the Paleozoic or ancient life was followed by the Mesozoic
or Medieval, so now there was as marked a change to the Cenozoic or recent
life and world.
Cenozoic time embraces two eras: I.
II.

The TERTIARY, or era of Mammals.
The QUATERNARY, or era of Man.

These eras, like consecutive eras in preceding time, were continuous in
life through both the vegetable and animal kingdoms, and it is not proved
that Man, the most characteristic feature of the Quaternary, was not in
existence before the close of the Tertiary. But one of the grandest and
most sweeping catastrophic epochs intervened between the two, the Glacial,
and so separated them, although the destructive influence of this epoch did

not extend over tropical regions, except in the vicinity of lofty mountains.
TERTIARY ERA.

The Mammals of the Tertiary era are all extinct; and the proportion of
living Invertebrates, the Protozoans excluded, varies from none in the
earlier part of the era to 9 per cent in the later part.
The Early and

Middle Quaternary Mammals are largely extinct, but the Invertebrates
The Later Quaternary or Recent animals
and Plants are existing species.
and plants are of existing species, except those that have become extinct
through the agency of man.
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GENERAL

SUBDIVISIONS.

The subdivisions of the Tertiary in general use were introduced by
Lyell
in the first edition of his Geology. They were based by him primarily on
his own geological investigations in England and Europe, and on those of
the French conchologist, Deshayes, who was already familiar with the fossil
species of the Paris Basin. The proportion of living to extinct species was
These subdivisions,
accepted as the distinctive character of the subdivisions.
and the proportions now adopted for the approximate limits, are as follows: EOCENE period (from ic, dawn, and ,avo'c, recent) : no species, or less
than 5 per cent living.
1.

2. MIOCENE period (from
less, and IcaLvo'c): 20 to 40 per cent living.
3. PLIOCENE period (from irAciwv, more, and Kawc): more than half the

species living.

The Miocene and Pliocene are sometimes united under the name NEOCENE
(from vE'oc, new, and KaLvc), especially when the divisions are not well differ

The term Oligocene (from Xyoc, few, and lcaLvoc) is sometimes
used for a fourth division, consisting of the upper part of the Eocene and the
lower part of what had been referred to the Miocene.
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entiated.

The term Oligocene was proposed by Beyrich, of Berlin, in 1855. In 1864, Homes,
of Vienna, proposed the term Palao gene for the combined Eocene and Oligocene, and
Neo gene for the Miocene and Pliocene; Eogene has also been used in place of Palto gene.
Further, the Lower Eocene has also received the separate name of Paleocene. J. W.
Dawson adopted, in 1889, the term Orthrocene for the Lower Eocene, Nummulitic for the
Middle, and Proicene for the Upper or (as he says) that of the Vicksburg Epoch.
On the geological map published in 1884 by the U. S. Geological Survey, Eocene
includes the Eocene and Oligocene, and Neocene the Miocene and Pliocene. In 1887,
Heilprin proposed the substitution of Eogene, Meta gene, and Neogene, severally, for
Eocene + Oligocene, Miocene, and Pliocene + Quaternary.
The name Tertiary is a relic of early geological science. When introduced, it was
preceded in the system by Primary and Secondary. The first of these terms was thrown
out when the crystalline rocks so called were proved to belong to no particular age,
though not without an ineffectual attempt to substitute for it Paleozoic; and the second,
after use for a while under a restricted signification, has given way to Mesozoic. Tertiary
holds its place, simply because of the convenience of continuing an accepted name. Neo
zoic is sometimes used in place of Tertiary, while it is also occasionally made a substitute
for the whole Cenozoic. It was originally proposed by Edward Forbes to comprise both
the Mesozoic and Cenozoic.
NORTH AMERICA.
GENERAL GEOGRAPHICAL FEATURES OF THE TERTIARY ERA.
It has been shown that the deposition of the Laramie beds and the up
turning which followed left the great interior of North America emerged.
The Cretaceous sea, which had covered the Western Continental Interior and
the Rocky Summit region from Mexico to the Arctic coast, was gone, excepting

CENOZOIC TIME -TERTIARY.

881

a large bay on the Arctic shores, and an extended "Gulf of Mexico" at its
southern limit.
Isolated salt lakes probably remained for a while over the
Interior, of which Great Salt Lake of Utah is the last survivor; but no
marine Tertiary strata found in and about them are known to exist.
The submerged portions of the continent, or the areas of marine rock
making, were therefore confined to the borders of the continent,-the
Atlantic border, the Gulf border, and the Pacific border.
This general
condition of the continent during the early Tertiary is represented on the
accompanying map, Fig. 1468.
1468.
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Map of North America showing the parts under water in the Tertiary Em; the vertically-lined la the Eocene;
the horizontally-lined, the Miocene or Miocene and Pliocene; the cross-lined, the Eocene and later Tertiary.
It is observed on the map that the condition of the Atlantic border was
much like that of the Cretaceous period; that Florida was under water, as
then, and that the Mississippi bay was scarcely diminished in extent during

the time of greatest submergence.
The portions of the Tertiary area which are lined vertically are those
of the Eoeene beds, and those lined horizontally, of the Miocene or Mio
cene arid Pliocene. The map thus indicates the fact that along the Atlantic
coast region the sea had nearly the same limit through both the Eocene and
Miocene periods; but that on the Gulf burtler a great retreat of the waters
took place before the beginning of the Miocene.
On the Atlantic border northeast of New Jersey, Tertiary beds have been

identified by fossils only on Martha's Vineyard; and, doubtfully, through
shells brought up by the dredge, on St. George's Shoal, east of Cape Cod,
DANA'S MANUAL-56
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and at one place on the Banks of Newfoundland.
Their absence from the
coast region in the higher latitude may be owing, as generally believed, to
the present submergence of the border on which such beds were deposited.

But the existence, for the most part, of rapidly deepening waters north of
Newfoundland, and the denuding power of the waves of the open ocean may
have been the effective cause along much of the Coast.
Although the ocean had been excluded from the Continental Interior at

the close of the Cretaceous period, rock-making was still carried forward over
much of its area by means of vast freshwater lakes.
These lakes had their
Fishes and

other aquatic life, and their borders were frequented by various
animals of the land, including Mammals of many species, with various small
Reptiles, and the remains of these species abound in the lacustrine deposits.

The freshwater Tertiary formations have consequently an importance not
inferior to that of the marine beds.
The great lakes of the earlier Tertiary - the Eocene - were situated in
the Rocky Summit region, within the United States, mostly over the area of
the Laramide mountain system.
One Eocene lake, the Wasatch (W on the
map), covered a large region north of the Uinta Mountains, between the

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

parallels of 400 and 440, including parts of Utah, \Vyoming, and a portion of
northwestern Colorado; and as the earlier Wasatch Lake narrowed its limits
in the later Eocene, it became the Bridger Lake. The "Green River basin"
was part of the Wasatch. Another, the Uinta Lake (U), lay south of the
Another smaller
IJinta Mountains, chiefly within the boundaries of Utah.
lake, the Puerco (P), was situated in the northern part of New Mexico, and
extended across the border into Colorado. Two others, of small size, were

situated in the region of the Great Basin west of Great Salt Lake.
The lacustrine beds of Wasatch Lake occupy a plateau region about 650&
feet (6000 to 7000) above the sea level. The height of the village of Green
River, within the former, above tide level, is 6140 feet; of Bridgem', 6780 feet;
of Wasatch, 6789 feet.

of
Nearly all the later Tertiary lake basins lie either to the east or west
the Summit region, over Nebraska and the adjoining states on the eastern
but
slope of the Rocky Mountains, or between nearly the same parallels
farther west; part of them in the Oregon and Nevada portions of the Great
Basin region. The extent of the Eocene lakes over the Summit region is
regarded as evidence that the general IILLS5 of the mountains at the time
The great thickness which the beds
stood but little above the sea level.
attained in the course of the Eocene is proof that the areas were undergoing
a slow subsidence, keeping pace with the deposition, while their borders were
essentially stable; and that the position of the area of maximum subsidence

Further, time position and great
changed in the course of the Eocene period.
extent of the Miocene lakes, covering a large part of the eastern slope of the
mountains, are evidence that the elevation which took place at the close of
the Eocene, draining the lake basin, was small.
All the land of the Tertiary continent had its working streams and
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streamlets, denuding, transporting, making alluvial deposits, and carrying
sediments to the seashores; and the whole surface was well populated,
beyond doubt, by Mammals, Birds, and inferior terrestrial life. The moun
tains of the Appalachian System and its bordering regions on the east,
west, and south contributed material for the marine Tertiary beds of the

Atlantic and Gulf borders; the weakly consolidated beds of the recently
made Laramide mountain ranges afforded the same more abundantly for the
thick deposits of the vast freshwater lakes about the summit of the Rocky
Mountains and over its eastern slopes; and the Sierra Nevada and other
ranges of the western slopes were a source of supply for other lakes and for
the marine Tertiary of the Pacific border. But notwithstanding the work
of rivers and other agencies, there have not been found, up to 1894, over

the eastern half of the continent away from the sea border, any recognizable
fossil-bearing, lacustriue Tertiary deposits, excepting over small spots near
the center of the state of Vermont. In the western half of the continent,
the only fluvial beds recognized as Tertiary, by means of fossils, are those
of the auriferous gravels of the Sierra Nevada. Nothing of Tertiary origin
has yet been identified in or about the basin of Hudson Bay, or those of the
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Great Lakes, or in limestone caverns of the Mississippi valley and elsewhere,
to prove that these basins and caverns were in existence during Tertiary
time.
They may have existed, but the proof is wanting.
This work is indebted for the preceding Tertiary map of North America to G. D.
Harris, who has prepared it from earlier maps and publications, from unpublished records
of the U. S. Geological Survey, and to a considerable extent also from his own personal
study of the marine Tertiary along the Atlantic and Gulf borders. Further, the subdi
visions of the eastern Tertiary adopted beyond, and the remarks on the distribution of
the beds, are partly from his manuscript notes. In addition, he has revised the pages on
the Invertebrate paleontology, of the same region ; and part of its illustrations are from
his work on the Tertiary Paleontology of Texas. A list of earlier publications and a
review of the facts and of the question of equivalency may be found in the U. S. G. S.
Bulletin, No. 83, by \V. B. Clarke, on the Correlation of the Eocene Tertiary, 1891, and
in the U. S. G. S. Bulletin, No. 84, on the Correlation of the Neocene, by William H. Dali
and G. D. Harris, 1892.
SUBDIVISIONS.
The periods of the Tertiary era proposed by Lyell are the basis of the
American subdivisions, namely: (1) EocINE, (2) MIOCENE, (3) PLIOCENE.
To these are added by some, OLIGOCENE, corresponding in age to the Euro
pean Oligocene. NEOCENE is also sometimes used for the Miocene and
Pliocene.

The marine and lacustrine formations are independent in fossils, and
besides are nowhere iuterstratified, and hence it is not possible to make out
As regards the lacustrine beds, even the division
their precise equivalents.
into periods is based largely on facts from Europe. Moreover, the species
of the marine Tertiary of the Atlantic nnd Pacific borders are almost wholly
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different; and besides, those of the latter thus far make but one
group for
the Eocene, and one for the Miocene.
For these reasons, the three
regions,
the Atlantic and Gulf borders, the Paci:/ic border, aud the Lacustrine areas,
are independent in their subdivisions and cannot be
satisfactorily correlated.
are
They
brought together, however, in the following table, to exhibit the
relations
of the subdivisions, and nothing more.
general
It is not yet known
in all cases what subdivisions of the Eocene. formations recognized on the
coast are equivalents of the Lower, Middle, and
Upper Tertiary in the
Continental Interior.
TABLE OF APPROXIMATE EQUIVALENCY OF THE SUBDIVISIONS.
Atlantic and Gulf borders

Lacustrine areas

Pliocene

Florldisn

Pliocene

I'iloeeno

Miocene

Yorktown
thIpoia
Chauahooehee

Blanco
Palo Duro
Lou1 Fork
Jobti Day
White River

Miocene

TortonIan
Aqultanlan
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Eocene

Foreign

Upper.

V Ickburg

ulna

Tongrian
lJgurian

Middle

Jackson
Ciatborne
Lower Claiborne

Brhiger
Wind River

PariSIan, or Ce.lcalro
Grossler

Llgnitic
Midway

Wasatch
I'uerco

Lower

a.
3.

Pacific border

Tejon

SueonIan
Cernaysian

MARINE TERTIARY OF THE ATLANTIC AND GULF BORDERS.

Pliocene period.
FLORIDIAN EPOCH.
Floridian of lleilprin, as modified by Dali.
Merced group of the peninsula of San Francisco, of A. C. Lawson.

2. Miocene period.
3.

ORKTOWN Epoc,i.

Geol., 1863.

So named

Iorktown, Va., Dana's
Chesapeake of Darton and J)all, 1891.

2.

from

CHIPOLt Epocu.
Represented by the
occurring along the Chipola 1iver, Florida.
1.

Cii ATTAHOOCH EE

hipola group of Burns,

Ei'orn.

C/iallu/woehee of Langdon, named
the Chattahoochee River in southwest

from typical exposures on
Georgia anti northwest Florida.
1.

Eocene period.
6.

VICKSI3rR; Ei'orn.

Vicksburg, Miss.
5.
Miss.

JACKSON Eocu.

Vicksbu.rg of Conrad; named from beds at
Jackson of Conrad, exposed near Jackson,
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4.

CLAIBORNE Epocii.
Upper part of Claiborne of Conrad, oc
curring along the Alabama and Tombighee rivers (Langdon), and in
Arkansas.
3.

Lowju CLAIBORNE Epocii. Part of the Claiborne of Conrad,
separated here by Harris; occurs in Alabama, Georgia, and South
Carolina, and includes the Buhrstone of
Tuomey and Lyell, and the
Siliceous and Calcareous Claiborne of Mississippi.
2. LIONI'rIc Epocii.
Represented by the Lignitic beds, in part, of
Conrad and Hilgard, including the beds between the Buhrstone and
the Matthews Landing clays, as restricted
by Harris; La Grange
group, in part, of Safford ; Eoiiqnieic, in part, of Heilpriii.
1.

MIDWAY Epocir.

Part of the J1iqnitic of Conrad, and of Smith
and Johnson; represented by the Calcareous beds near
Midway, and
the Matthews Landing clays, on the Alabama River.
b. MARINE TERTIARY OF THE PACIFIC BORDER.
3.

Pliocene period.
Represented
Washington.
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2.

by

local

deposits

in

California,

Oregon,

and

Miocene period.
Represented by deposits in the coast region of California, which
partly constitute the Coast Range at Astoria, Oregon, on the Columbia
River, and also in Washington, to the north.

1.

Eocene period.
Represented by the Tejon group of J. P. Whitney (1869), named
from the locality near Fort Tejon, Kern County, Cal.; beds occur es
pecially along the east side of the Coast Range, near Astoria, Oregon.
c. LACUSTRINE TERTIARY.

3.

Pliocene period.
2.

Blanco group of Cummins and Cope (1892), occurring at Blanco
Caflon, Crosby County, Tex., and extending northward along the Staked
Plains beyond Red River.
1. Palo Duro beds of Scott; Good-night beds of Cummins; observed
near the Cafion of Palo Duro in Texas, and also in northern Kansas.
2.

Miocene period.
3.

Loup Fork group of Meek and Hayden.
2. Lop Fork beds: On Loup Fork of Platte River in central
Nebraska, but extending southward interruptedly to Mexico, and
occurring in New Mexico on the Rio Grande, QUa, and San Francisco rivers. Pliocene and Pliolilppus beds of Marsh.
UPPER MIOCENE.
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1. Deep River beds, the Cyclopidius beds of Scott, in the Deep
River (or Deep Creek) region, which are overlaid by beds with
Ticiwleptus beds of Cope, but not those so
Loup Fork fossils.
named of Wyoming and Oregon.

2. MIDDLE MIOCENE.

Miohippus beds and John Day beds of Marsh
(1877), occurring on John Day River, Oregon.

1. LOWER MIOCENE.
of Scott.

White River beds of Hayden (1857); Oligocene

3. Protoceras beds of Wortman, of the White River region.
2. Oreodon beds of Marsh (1817), in the White River basin.
1. Titanotheriuni beds of Hayden (1857, 1869), in the White

River region on the Niobrara, and in Dakota and Colorado.
therium beds of Marsh.
1.

Bronto-

Eocene period.
3.

UPPER EOCENE.
4. Uinta group of Marsh (1871), and of King (1878), lying to
the south of the Uinta Mountains in Utah (U on the map, page 881).
Diplacodon beds of Marsh (1877); includes the Brown's Park group
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of Powell

The Florissant group of South Park, Col.
(1876).
The ..4myzon beds of Elko and Osino, Nev., are referred to the
top of the Uinta or base of the Miocene.
2.

MIDDLE EOCENE.

3. Bridger group of Hayden (1869), named from Fort Bridger,
Wyoming, represented to the north of the Uinta Mountains overGreen River
lying the Wasatch beds. Dinoceras beds of Marsh.
group of Hayden (1869) is included; probably also the Wishakie
group of King (1878). The Wind River group of Hayden (1861)
has been referred to the bottom of the Bridger by Scott and Osborn,
and made the equivalent of the Green River group; but to the top
of the Wasatch by Cope.

1.

LOWER EOCENE.

Wasatch group of Hayden (1870), covering parts of Utah,
Vermilion
Coryphodon beds of Marsh.
Wyoming, and Colorado.
Bitter Creek group of Powell.
group of King.
1. Puerco group of Cope (1875), named from Puerco River, New
northern New Mexico
Mexico, occupying a basin extending from
Lower Wasatch of Marsh.
into southern Colorado (I', map).
2.

ROCKS-KINDS AND DISTRIBUTION.
The beds, especially the marine, commonly vary much in character
from mile to mile.
Instead of great strata of almost continental extent and
exists among
uniformity, as in the Silurian, there is the diversity which
But yet such diversity is not
the modern formations of the seacoast.
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universal, for in some regions the sands from shells and corals were made
into hard limestones, as they are now, and over areas of great extent.
Moreover, firm shales and sandstones occur that are like those of early time.
Besides, there are thick beds of greensand, like those of the Cretaceous

formation in constitution, and equally valuable as a fertilizer. There are
also beds of coal or lignite associated with some of the deposits.
Beds of siliceous organisms, Diatoms, Radiolarians, and Sponge spicules,
have sometimes much thickness, and are occasionally partly consolidated
into opal.

The rocks of the laeustrine and terrestrial deposits are generally fine
grained, and either feebly indurated sandstones, soft straticulate clays
passing into shales, or soft fragile limestones of fine grain; but these
soft kinds graduate into harder and sometimes into coarser varieties.
They have derived their great thickness in the usual way; that is, through
a gradual subsidence attending the deposition from. waters of the region.
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On the coast of Florida, some beds have been converted partially into
phosphates (or phosphatized), by water filtrating through overlying guano
deposits. In the Rocky Mountain region and over the Pacific slope occur
deposits, sometimes hundreds or thousands of feet thick, made of volcanic

ashes.
There are also coarse volcanic conglomerates or breccia.
The
volcanic beds sometimes cover the stumps of many successive growths
of forests (page 135) ; and the finer kinds occasionally contain remains of
the Beetles, Butterflies, and other Insects of the period.
Lignite beds also occur locally over the country. One of the most noted
of them is that of Brandon, Vt., which is probably of Eocene origin.
is associated with a bed of limonite.

It

Denudation was universal over the exposed continental surface, as in
all past time, dissecting and degrading mountains, and making fluvial
The Auriferous gravels of the western
deposits as well as lacustrine.
slope of the Sierra Nevada are largely fluvial deposits of Tertiary origin,
as shown by J. P. Whitney in his Geological Report on California (1865),

much more fully in his Aurferous Gravels of the Sierra Nevada
The plants found in the t)
gravel beds indicate, according to Les
(1880).
a Miocene and Plioeene age; but Whitney regards the formation
as representing the whole of the Tertiary. It probably began in the
and

As Le Conte states, the detritus of the old gravels is in
Cre-taceous
period.
general exceptionally coarse, showing strong currents.
1.

Sea-border Areas.

EOCENE.- Along the Atlantic and Gulf borders (see map, page 881),
the Tertiary belt is very narrow and interrupted through New Jersey; it is
broader in Maryland and Virginia, and still broader in South Carolina. But
the formation is best displayed on the Gulf border. The inner limit, or that
against the Cretaceous in the Carolinas and the Gulf region, is over 100 miles
I.
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from the seacoast; and in the Mississippi valley -then a
great bay, as in
the Cretaceous period- it extends northward over 500 miles,
covering on.
the east a broad portion of the state of Tennessee, and
reaching into Illinois,
and on the west, an eastern portion of Missouri and Arkansas.
From Texas
it extends southward into Mexico.

The formation exposed to view from New Jersey through Virginia con
sists of sand-beds of different colors, including greensand or glauconitic beds,
often shell-bearing, and is referred to the Lignitic Eocene.
In South Caro
lina the exposure reaches nearly to the coast, and is more varied in its con
stitution. Along the inner margin occurs a stratum of Buhrstone, about 200
feet thick, a cellular siliceous rock, from which the shells have been dissolved
away by siliceous waters; and over this, to the eastward, occur calcareous
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beds with some greensa.nd, the Santee beds of Tuomey, and the related
Ashley
and Cooper beds, or beds along the basins of the Ashley and Cooper rivers.
On the Gulf border the belt averages 65 miles in width.

1. The Midway, the lowest member of the Eocene, was named thus after a landing on
Alabama River, Wilcox County, Ala., by Smith and Johnson in 1887. It was regarded
by them as a subdivision of the Lignitic; it is made by Harris to include the Black Bluff
and Matthews' Landing beds, and given coordinate rank with the Lignitic; the Clayton
or Monterey beds of Langdon.
It is distinguished from the Lignitic by (1) its fossil contents and (2) the off-shore
character of its deposits. In the region of Red River and the Mississippi Einbayment,
marine fossils are often wanting, and the beds are more or less lignitic; open sea deposits
are found in southeast central Texas, central Arkansas, eastern Alabama and Georgia.
No outcrops of this group have been recorded to the northeast of the last mentioned state.
Total thickness, about 250'.
2. The term Lignitic was used by E. W. Hilgard (1860) for the Lower Eocene of Mis
sissippi, consisting partly of freshwater lignitic beds and partly of estuariue fossiliferous
deposits. The name Lignitic formation had been still earlier used by Conrad; and Eo
lignitic was proposed by Heilprin in 1884 ; Lignitic is used by Smith and Johnson (1887),
to designate all Eocene deposits lying beneath the Buhrstone. The name has recently
been restricted by Harris to the beds lying between the Buhrstone and the Matthews Land
ing clays, and is so employed here. The formation includes shallow-water depositions.
Lignitic clay beds alternate with sands; the latter are often cross-bedded; huge bowlders
or septaria-like concretions are locally very abundant. Animal remains are scarce or
wanting in the deposits west of the Mississippi ; but in Alabama and to the northeast, in
Maryland and Virginia, they are abundant in certain layers. Where most typically devel
oped (in Alabama) the various subdivisions have received the following names and estimates
of thickness from Smith and Johnson: (1) Va,,afalia, 200'; (2) Bell's Landing, 140';
(3) Wood's Bluff, 80'-86'; (4) Hatchetig bee, 175'; total, 600'.
The Pamunkey formation (1)arton), i.e. the Eocene deposits of Maryland and Vir
ginia, are referable to the Bell's Landing horizon.
3. The Lower Claiborne was so designated by Harris to distinguish it from the Claiborne
proper. It is represented in South Carolina, Georgia, and Alabama by the Buhrstone of
Tuoiney and Lyell ; in Mississippi by the Siliceous and Caicareons Claiborne of 1-lilgard
in Louisiana by the Lower Claiborne of Harris; in Texas by the Timber Belt beds and
the La fayette beds in part, of Penrose ; in California by part of the Tejon group of Gabb
and 'Whitney. Near the axis of the Mississippi Embayinent this group is without marine
fossils; elsewhere, especially in its upper portion, it is often highly fossiliferous. In Ala-
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bama Smith and Johnson have assigned the following thicknesses to its various sub
divisions: Buhrstone, 3001; Lisbon beds,
; Ostrea sellrnformis beds, about 051; in all
about 415'.
4. The Claiborne was named by Conrad from Claiborne, Ala. The typical develop
meat of this group is of very limited geographical extent, being confined to the
drainage of
the Alabama and Tombigbee rivers (Langdon) ; but in Arkansas at White Bluff on the
Arkansas River and elsewhere, there are marly sands with a fauna showing Jaekson affin
ities, though they are at present classed as uppermost Claiborne. The typical Claiborne
bed is 16' thick; the White Bluff bed over it, 20'.
5. The Jackson beds were so named by Conrad from typical exposures at Jackson,
Miss. They are sometimes improperly classed with the Vicksburq, under the name of
JE7ite Limestone. They occur on the Gulf slope east of the Sabine River. In Arkansas
and probably in Mississippi they extend some distance up the Mississippi
Embayment,
overlapping Claiborne and Liynitic beds. They are clayey and lignitiferous in this region
but to the east, in Alabama, become calcareous and constitute beds of impure limestone.
Thickness over 50'.
6. The J7cksburq, named by Conrad from typical exposures at Vicksburg, Miss. This
group is mainly composed of limestones, pure and impure, and like the Jackson is confined
to the Gulf slope east of Sabine River; and unlike the preceding groups, it is little influ
enced by the Mississippi Embaymnent. According to Langdon's figures its thickness varies
from 150' to 210'. The Red BlujJq,oup of Hilgarci is scarcely separable faunally from this.
General Remarks. -Although it has been said that the Cretaceous (Chico) and the
Eocene (Tjon) deposits west of the Rocky intergrade without a perceptible break,
their respective faunas indicate that there is a break somewhere. On the Atlantic and
Gulf slopes there is abundant proof of a marked discordance, both fauna! and stratigraphic,
between the Cretaceous and Eocene Tertiary series. In the Mississippi Emnbayment, at
least in eastern Arkansas, the earliest known Eocene beds pass up and over the Cretaceous,
while in southwest Arkansa9, Texas, Alabama, and Georgia, broad areas of Cretaceous are
exposed; in Maryland and Virginia, where lowest Eocene is wanting, Lignitie. beds rest
upon the Cretaceous.
II.

MIOCENE AND PLIOCENE, OR NEOCENE OF THE ATLANTIC AND GULF
BORDERS. -While dredgings from the Grand Bank of Newfoundland, as well

as from St. George's Shoal, off the coast of Massachusetts, render it probable
that later Tertiary deposits exist beneath these shallow seas, the first distinct

exposures found on the Atlantic coast are those of Martha's Vineyard at Gay
Head and Chilmark, as recently proved through a study of the fossils by
Dali (1894). The next is near the village of Bridgeport in New Jersey.
These exhibit Miocene marls of black, yellow, and gray hues, with a thick
ness of from 12 to Th feet. The sands, clays, and mans from the Artesian
well at Atlantic City indicate that the thickness of the Miocene strata there
is not less than 700 feet. These deposits are mainly, if not exclusively, of
Upper or Yorktown Miocene age.
In Maryland the escarpments along the western shore of Chesapeake Bay,
and along the Patuxent and Potomac rivers, show Miocene beds of sand and
clay, rarely indurated, and, at base, thick deposits of diatomaceous earth,
In Virginia a similar series is
amounting in all to a thickness of 400 feet.

exhibited along the river courses; and in the region of Dismal Swamp
younger beds of Pliocene age are reported.
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In North Carolina these deposits are much thinner than in Maryland and
Virginia, and in South Carolina they usually occur in isolated basins or sinks
in the subjacent Eocene ol' Cretaceous strata; they often show a reworking
or rearrangement of material, so that Miocene, Pliocene, and even Cretaceous
The component materials are sand,
fossils occur in one and the same bed.
clay, and comininuted shells.
There are deposits in Georgia of limestone, buhrstone, and conglomerates
that belong to the older Miocene series, but their geographical extent is not
well determined.

Florida presents the most complete section of American marine Miocene
and Pliocene formations. Immediately above the Eocene along the Chatta
hoochee River occur beds of limestone, clay, and marl, -the Chattahoochee
group of Langdon, -having a thickness of about 200 feet.
Higher still are
the fossiliferous Chipola sands, succeeded in turn by the Alum Bluff sands,
40 feet thick, containing few organic remains save lignite and plants.
these occurs a gray marl having a Yorktown fauna 3 feet thick.

Above

These
To the
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Miocene deposits occupy much of the northern portion of the state.
south the Peace Creek lacustrine deposits and Caloosahatehie beds of Plio
cene or Pleistocene age are probably well developed, though their exact limits
are not definitely determined.
The Neocene beds of Mississippi as well as Alabama and Louisiana
Grand Gulf group of Hilgard -contain but few animal remains, and their
horizon has been, and still is to some extent a matter of dispute; but the

labors of L. C. Johnson and. Langdon in southeastern Mississippi, southern
Alabama, and northwestern Florida tend to show that they should be corre
lated with the lower Miocene of the Floridian section. They are well devel
oped in Mississippi, and although concealed to the south, doubtless underlie
the greater part of the state south of a line roughly drawn through Vicks
burg, Raymond, Byram, Brandon, Raleigh, and Waynesboro, or, in other
words, south of the Vicksburg formation. Below and to the east these beds
are clayey, lignitic, and gypsiferous; above and to the west the aranaceous
material predominates, and when indurated gives a rugged topography to
the region in which it occurs. No traces of similar deposits have been found
in Tennessee or Arkansas; but in Louisiana they occur resting upon the
Vicksburg limestone and extending in a southwestern direction toward the
Sabine River.

Certain deposits of clay, lignite, and sandstone in Texas - the Lafayette
beds of Penrose-have been correlated with the (iraid GO/* rocks of Missis
- although rare
sippi; but the presence of Lower Claiborne species
all
throughout much of their vertical range, renders it quite probable that
To the seaward marine Neocene
should be referred to the Eocene period.
beds are unknown at the surface; yet borings from the Deep Well at Galves
ton show that at no great depth such deposits do occur with a thickness of
1500 feet or more. Many lacustrine deposits are found at the surface bearing
Vertebrate remains of a late Tertiary age.
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The epochs of the marine Miocene, as defined from the formations of the Atlantic and
Gulf borders, are as follows : -

1. CIlATTuIoocunn: so named by Langdon, from typical exposures on Chattahoochee
River, southwest Georgia, and northwest Florida. Pall correlates with the Ciiattahoochee
deposits the Hawthorn beds of central Florida, consisting of phosphatic oilyte, ferruginous
gravel, and green clays, the Orthaulax bed and Tampa limestone at Tampa, the Altamaha
grits of Georgia, and also the "typical Grand Gulf" of southern Alabama. The last
named deposits are placed at this horizon because they are ''analogous to and probably
synchronous" with the Altamaha grits of Georgia, and are overlaid at Roberts, Escambia
County, Fla. (according to Smith), by a bed containing Chipola fossils, as identified by
Dali. The Chattahoochee fauna is closely related to the Miocene of West Indies, Jamaica,
Trinidad, Haiti, Curaçoa, Panama, and Costa Rica (Dal]).
2. C11IPOL. : distinguished by Burns, and first named by him in manuscript as the
Chipola tbr,nation from typical exposures on a river by that name in northwestern
Florida. The lower member of the group, the Chipola sands, is famous for its vast
number of fossil shells, nearly 400 species having been found at the type locality. This
remarkable faunal development is to the Miocene what the Claiborne fauna is to the
Eocene; both occur in slightly ferruginous sands about 16' thick, both appear to be very
limited in area! extent, and both occur medially in their respective periods.
The fauna of the Alum Bluff sands (I)all) immediately overlying the fossiliferous
Chipola bed has not been carefully studied.
All these older Miocene deposits are characterized by a warm-water or subtropical
fauna (Dali).
3. YORKTOWN: named from Yorktown, Va., by Dana (1863). It is the time-equiva
lent of the Chesapeake group of Darton and Dali (1801). It includes the Miocene of the
Atlantic slope as known to geologists prior to 1887. The section at Alum Bluff shows
that this group lies above the Chipola. It is well developed in Duplin County, N. C., at
Yorktown, and elsewhere in Virginia, and along the river courses in Maryland. Calvert
Cliffs on the west shore of Chesapeake Bay exhibit three well-defined fossiliferous zones,
named, in descending order, the St. Mary's, Jones Wharf, and Plum Point. Beds lower
still in the series are found on the eastern shore of Maryland, and with these in New Jersey
Dali finds traces of older Miocene fossils. It has been identified by its fossils on Martha's
Vineyard by 1)all.
A modification of this fauna is found in the Galveston Deep Well, Tex., between
depths of 2000' and 3000'.
Since the publication of Gabb's work on the California Geological Survey the
Miocene as well as Pliocene fossil remains of the Pacific slope have received little attention.
As a rule the Miocene fossils are poorly preserved, and are often embedded in firm
rock.
Their general aspect indicates a horizon more nearly that of the York-town group
than that of the older Miocene.
In Georgia and Florida, where newest Eocene and oldest Miocene occur, there is
a marked faunal break between the two, yet there are several species in common. In
Maryland and Virginia, where Yorktown Miocene rests upon Lignitic Eocene, the break
is complete, not one species being found common to the two. The upper, or Yorktown,
Miocene was characterized by a fauna indicative of a temperature similar to that of to-day.
The Ashley 'marl bed of South Carolina, containing phosphatic nodules with fossils
in them, which was referred by Tuomey doubtingly to the Eocene, affords Miocene
fossils (1894). Of marine Pliocene, there are the Floridian deposits of I-leilprin as moth
fled by 1)all (1892); the Pliocene of Tuomey (1848), excluding some Miocene beds as
determined by the investigations of C. W. Johnson and Dall. To this period have been
referred the Orange sand group of Safford (1850), occurring in Tennessee, the Orange
sand of ililgard (1860), in Mississippi and Tennessee, the Orange sand, or Lagrange
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group, of Safford (1864), the Appomateox of McGee (1888), -all of one formation, and
now named by agreement the Lafayette; made by ililgard, and in this work, a formation
of the Glacial period. Marine deposits of this period are well developed along the Caloosa..
hatchie River, South Florida. To the north, considerable areas are supposed to have been
occupied by lakes having but slight elevations, and subject to occasional intrusions of
the sea with its salt-water fauna; hence the Peace Creek bone beds in Manatee County,
and Alachua clays, in Alachua County, are found apparently interstratified with marine
Pliocene deposits (I)all, U. S. 0. 5. Bulletin, No. 84). The Mammals include a considerable
number of Eocene, Quaternary, and Pliocene species, and the beds are supposed to be
Quaternary in accumulation.
Dali reports that the Miocene group of Gay Head, Martha's Vineyard, is overlaid by
beds affording Pliocene fossils (1804).
MIOCENE AND PLIOCENE OF THE PACIFIC COAST. -Along Carrizo Creek, east of the
coastal range of mountains in southern California, there is a bank or terrace, sometimes
composed of fossil shells in its upper part, that has been referred to the Miocene Tertiary
by Conrad and to the Pliocene by Gabb. The sandstones and shales of the Santa Suzanna,
Santa Monica, and Santa Inez ranges are mainly referable to the Miocene ; the conglomer
ates and sandstones about the base of the San Gabriel range can only be classed as Neocene.
Resting on the granitic axis of Santa Lucia Mountains are highly metamorphosed Neocene
(Miocene?) sandstones; stratigraphically above are thick deposits of bituminous sliales,
which toward the southeast are overlaid by soft, sometimes calcareous, sandstone, having
a thickness of over 1000', and referable to the Miocene series on paleontological evidence.
Sandstones and bituminous slates of this age have been described from the Sierra de
Salina, Gavilian, Santa Cruz, and Mount Diablo ranges. In the region of Mount Diablo
Turner finds the Miocene series made up of coarse gray sandstone containing the
large Ostrea titan, and conglomerates with pebbles of rhyolyte, quartz, and metamorphic
rock. The Pliocene beds contain marine fossils, silicified wood, hornblende-andesyte tufa,
and pebbles. North of the Golden Gate several fossiliferous Miocene deposits have been
recorded, but their characters and limits are unknown. Along the foothills of the Sierra
Nevada, especially in the vicinity of Ocoya Creek, there are Miocene beds of fine sand,
coarse sand, conglomerates, fragments of pumicestone, ferruginous fossiliferous gravel,
and clay nodules, in all 160' thick. Farther to the north, the lone formation of Lindgren,
best developed in Amador and Calaveras counties, is composed of (1) 100' of clay rock,
(2) 100' of sandstone, (3) 860' or more of white clay and sand beds containing coal seams.
In Oregon, Miocene sandstones and sliales occur at Astoria, and others, presumably
of the same age, at Port Orford, Cape Blanco, and near Yaquina Bay. They are perhaps
a continuation of the bituminous shales and sandstones of California. From 1 to 3 miles
east of Eugene City, Dali has noted a Miocene sandstone 371 thick. Condon states that.
the backbone of the Coast Range consists of argillaceous Miocene shale similar to that at
Astoria; stratigraphically above are the fossiliferous Solen beds of Condon, also of
Miocene age; on the flanks of the highlands there are lacustrine deposits containing some
Equus bed (Quaternary) fossils.
In Washington, the Astoria clay-shales are reported from near Bruceport, and at vari
ous points on Shoalwater Bay. Other outcrops of the same formation are known from
Vancouver Islands and Alaska.
The Pliocene Merced group of Lawson (Bull. Geol. Univ. Cal., 1., 142, 1803), on the
coast of the San Francisco peninsula, south of the Golden Gate, is described as having a
thickness of 5834'. A cliff consisting of the beds, 720' high, extends from Lake Merced,
near San Francisco, to Mussel Rock, about 8 miles south of Point Lobos. The basal bed
contains some carbonized wood and leaves. Some of the fossils were described by J. G.
Cooper in 1888, and a list of others, determined by Dali, is given in Lawson's paper.
Delta material in the great valley of California at San Beiiito also is referred by him
to the Pliocene.
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Miocene and Pliocene beds have been identified in Alaska, and descriptions and a map
showing their distribution, by W. H. 1)all, are contained in his Bulletin 84 of the U. S.
0. S., 1892.
2. Lacnstrine Deposits of the Continental Interior and Pacific
Slope.
I. EOCENE. -The lacust.rine Eocene areas are confined mostly to the summit region
of the Rocky Mountains and its broad slopes, and are noted for the abundance of fossil
vertebrates. The oldest, according to present knowledge, that of the Puerco basin, covers
a large area in northwestern New Mexico, and extends northward into Colorado. The
beds rest on the upturned Laramie, and are overlaid conformably by the Wasatch beds.
The II asatch basin (W on the map, Fig. 14(18), also Lower Eocene, lies to the north of
the Uinta Mountains, and east of the Wasatch range. Its original breadth was probably
nearly 300 miles, and the extreme length from north to south perhaps 500 miles. The
thickness of the beds near the Wasatch range is about 4000'. The Wasatch also
occupies
a basin extending from New Mexico northward, to the Uinta Mountains and the
Big Horn
basin in Wyoming. The beds also of the Cuchara basin of II. C. Hills are referred to the
Wasatch Eocene.
Two other basins, the Green River and Wind River, are situated to the north of the
Tinta Mountains, and are intermediate in age between the Wasatc.h and Bridger. The
Green River basin is situated mostly within Wyoming, and has an area of more than 5000
square miles. The beds consist of impure limestone below, and thin fissile calcareous shales
above, in all 3000' to 4000', and are especially noted for their fossil Fishes and Insects.
Fine views of the bluffs and of the " Bad Lands" of the Wasatch are given in King's 40th
Parallel Report, on plates 13, 14, 15; and general views of the Green River basin, in
Hayden's Report for 1872. The i1Ianti beds of Cope (1880), occurring in Sevier and San
Pete counties, Utah, are similar in character and fossils to those of the Green River basin.
The Brfdqer basin of the Middle Eocene is situated between the meridians of 109°
wr. and llOl° W., and for the most part north of the parallel of 41°.
lVas/iakie
basin of King (1878), which lies f30 miles farther east, and the Hue:fano group of II. C.
Hills (1888-1891), are of the same age. The latter lies to the east of the Front Range in
Huerfani and Las Animas counties, southern Colorado.
The Uinta lake basin (U, Fig. 1408), of the Upper Eocene, lies wholly to the south of
the Uinta Mountains, and has now a level of about 10,000' above the sea. Its width from
east to west is over 140 miles.
The Amnyzon beds, referred to the later part of the Eocene, occur in northeastern
Nevada, in South Park, Col., and in central Oregon. They are probably intermediate
between the Uiimta and White River beds.
The small Florissant basin is situated 8000' up in the mountains of southern Colorado.
Its beds are largely made of volcanic earth, or tufa, and have become famous for their
great numbers of fossil Insects and Spiders, and also for their Fishes, and for feathers
and other remains of Birds, besides plant remains.
II. Miocii. -In the Miocene period the Eocene lakes of the Rocky Mountain region
had mostly been drained through an increase in the elevation of the land or changes in its
surface level ; but the mountain area still remained so low that even greater lakes then
existed over what are now the eastern slopes of the mountains. They were situated in
the region of the upper Missouri, and covered most of the state of Nebraska and a portion
of Wyoming and Colorado, and extended from Nebraska southward. The area is over
350 miles in its maximum breadth, and has a height at the present time, through subse
quent elevation, of about 0000' to the west and :3000' to the east.
The Earlier Miocene is that of the White River group.
Its oldest deposits, the
of
consist
of
Titanotheriwiin beds
1-layden,
mainly
variegated clays, together with sand
stones and conglomerates, and have a thickness of 180' (.J. B. Hatcher) ; above are the
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Oreodon beds of sandstones and clays, often nodulous, about 150', with 100' of overlying
clays (Wortman) ; and above these the Protocers beds, sandy below, but clayey above,
150', in all 480' thick (Wortman).
In the region of these basins the strata, owing to erosion by rills and streams from
occasional rains, stand in isolated earthworks or embankments, pyramids and spires, over
the great plain, looking like a field of desolate ruins, parched and barren in the dry
climate. To this region was first applied the term "Mauvaises Terres," or Bad Lands.
In Oregon, on John Day and Des Chutes rivers, near 1200 W., is another lake-basin,
the John Day basin (D, Fig. 1468), hardly 500 square miles in area. The Miohippus beds
of Marsh, the upper portion, have afforded remains of Miocene Mammals, apparently of
a little later date than the White Riverbeds. Marsh correlates with the Oregon Miohippus
beds the Protoceras beds of 'Wortman, stating that the latter contain the Oregon species
Miohippus annectens Marsh; and he further makes his Ainmodon beds of the Miocene on
the Atlantic border essentially of the same horizon.
The Loup Fork Group, of the Upper Miocene, was so named from a river in Central
Nebraska. The beds cover for the most part the Nebraska lake region (marked N on the
map), and its extension southward to Texas, New Mexico, and Mexico. King gives the
thickness in Wyoming as 2000'. To the eastward, on the White River, it is 150'. The
Deep Creek beds of Montana, first made known by S. B. Grinnell and E. S. Dana (1876),
or the Ticholeptus beds of Cope, are referred by W. B. Scott to the earlier part of the
Loup Fork epoch. The basin is situated near Camp Baker, 50 miles east of Helena, along
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RIoliuolrD IwYtaoRTAL EAUTIJ. - a, Pinnularla pertgrIiua; b. o, Odontidiurn pinunlatum; d, Grainmatophora
minus; e, SponglollthiB appendloulata ; f, Melosira uIcntn; g, transvore view, Id. ; Ii, Aetinocyotus Ebron
bargl.I; i, Cosctnodlscus apleulatue ; j, Triceratinni obtnsiin ; k, Actinoptychus undulattis; 1, t)ictyueha
crux; in, Dictynoba; ii, fragment of a segment of Actinoptychus 8onarlus; o, Navicula; p, fragment of
OooIn0dIaeue gigas.
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Deep River Valley (or Deep Creek) and other valleys of the vicinity. The beds are hard
cream-colored clays, overlaid by loose beds of coarse and fine material of the Loup Fork
horizon. Cope's Tichoieptus beds of Cottonwood Creek, in Oregon, according to Scott,
are probably of the Loup Fork horizon; but those of western Nebraska he refers to the
White River group.
The Pah- Ue Lake of King, named from a mountain ridge in Nevada, was described
by him as extending from the Columbia River, through Oregon and Nevada, into Cali
fornia-an improbable range for one lake. He named its beds the Truckee Miocene.
They include, in Nevada, sands, grits, volcanic tnTa, and infusorial deposits, the last
250' to 300' thick.
1)iller reports the Upper Sacramento Valley as the area of a great Miocene lake,
covering part of the northern end of the Sierra Nevada.
III. PLIOCENE. -The Blanco beds of Cummins and Cope, on the Staked Plains of
western Texas, consist at Blauco Cañon of beds of clays and sands, in all 150' to 200'
thick. The underlying beds are referred to the Triassic. The beds extend northward
beyond Red River.
LifE.
PLANTS. -1. Protophytes. - About 100 species of Diatoms have been
described by Ehrenberg and Bailey, from the Infusorial stratum of Rich
mond, besides a few Polycystines and many sponge-spicules.
Fig. 1469 repre
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sents a portion of the Richmond earth, as it appeared in the field view of
This is an example of one of the many Infusorial
Ehrenberg's microscope.
earths of the era.
2.

Angiosperms, Conifers, Palms. -The lignitic beds in the lower part
1470-1474.

$1470
1473

1474

Fig. 1470, Querous myrtifolia (?); 1471, Clnnamomiim Mississipplense; 1412, CaamopsIa Dame; 1478, Fagne
ferruginea (?); 1474, Carpollthes Irregularla.
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of the Eocene of Mississippi, Arkansas, and elsewhere, have afforded large
numbers of leaves of plants; others have been obtained, together with a

variety of nuts, from the bed of lignite at Brandon, Vt.
The plants of these beds, some of which are here represented, are closely
related to those of the present era.

Fig. 1470 represents an oak leaf (Queic us myrtfolia) from Somerville,
Teim., the Lagrange group of Safford; Fig. 1471, leaf.
1475
.
of a cinnamon (Chin nainomu in 2l1issis.uippiense), from
\
/

!V1

"
/
./
Carpolithes Brandonesi.

Mississippi, at AV, inston; Fig. 1472, a paliii (Ciala
wmv Daiuu Lsq ), from Mississippi, in Tippili,

Lafayette, Calhoun ; Fig. 1473, nut of a beach (Fagus
fei'ruginea (9)), from the Lagrange group of rreilnes_
see; Fig. 1474, fruit (Ciarpolitlies irregiularis Lsqx.),
from the Brandoii Lignite bed; Fig. 147.i (Ciarpo.
litlies Brandoiiensis Lsqx.), the most abundant of the
Brandon nuts, natural size.

Time kind of plant pro
is undetermined.
Among

ducing these two fruits
the other Brandon fruits, Lesquereux recognized the
.
.
"
1
11i nnagenera Cur!/a, Fagus. Aristoioclua, Sapi ndus,
(Am. Jour. Sc., xxxii., 355, 1861.)
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momuin. Illiciuin, Ciarpinus, and .Njssa.

ANIMALS. - Invertebrates. - In the Eocene,

among Protozoans, Rhizo
The coin-shaped fossils,
pods are very numerous in some of time beds.
Orbitoides, resembling Numnmulites in form, abound in the Vicksburg beds,
and the rock is often called the Orbitoicles limestone; the common species,

0. Mantelli, is represented in Fig. 1491.
Midway. - Characteristic species of the Midway group are represented
in Figs. 1476-1478; of the Lignitie group, in Figs. 1479-1481; and Eocene
of the Lower Claiborne, in Figs. 1482-1484, 1487, 1488; of the Upper Clai
borne, in Figs. 1485, 1486,1489; of the Vicksburg, in Figs. 1490-1496; of the
Miocene, in Figs. 1497-1507; of the Pliocene, in Figs. 1508-1510.
146

1470-1478.
1477

1478
A

Eoo&1rE, MIDWAY GROUP. - Fig. 1476, Enelirnatoceras UIrIeh; 1477, Vout11ithos rugatus; 1478, V. 11rnopsl.
Fig. 1476, C. A. White; 1477,147S, Iii
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1479.

:
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1480.
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LIGNrrIo GROUP. - Fig. 1479, Ostrea compressirostra (x ); 1480, Dosintopsls lenticularis, var. MackU. Fig.
1479, Say; 1480, Conrad.
1481-1486.
14
1484

LIoNrrto. -Fig. 1481, Vonerlcardin planicosta (x ). LOWER CLAInORNE. - Fig. 1482, Ostrea sdlln3formls; 1488,
Ptoropsls Conradi; 1484, Turrltdila nasuta. UPPER CLAnIoitxz. - Fig. 1485, Crassatella aita; 1486,
Tarritella carinath. Figs. 1481-1488, 1485, 1486, Meek; 1484, Harris.
1487-1489.

1487

1489

:

LOWER (JLAnoRNB. -Fig. 1487, Belosopla ungula; 1488, Mesalia Olatbornensla
1489, Caricolla Clalbornensis. Harris.
MANUAL
-57
DANA'S

UPPER CL4unonr. -Fig.
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1 192

1496
/

H
IdA'
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11t)O a

11190

Eoo. - Vicksburg group.- Fig. 1490, Pecten Poulsoni; a, section of same; 1491, Mortonla Rogersi; 1492,
Ostrea Georgiana (xl), Vlcksburg (fl; 1498, Area Misslssippiensis; 1494, Orbitoides Mantelli; 1495, Lyrla
costata; 1496, Dentalium MI8sIssippIenae. Figs. 1490-1492, 1494, Meek; 1498, 1495, 1496, Conrad.

1497-1499.
1497

1498

'1499

MI0OENE. - chattahoochee group. - Fig. 1497, TurrItlla Tampa (x ); i49M, Pyrazlsiflus campanulatus;
1499, Cerithlurn Ililisboroenso. From DaIL

899
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1500-1502.
1500

1501

1502

MIocE. - CiLipola group. -Fig. 1500, Orthaulax Gabbl; 1501, Turritella subgnmdlfera (x ); 1502, Strombua
Aidrichi. From Dal
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1r)(1:1

1503-1505.

1504

MI0OENE. - Yorktown group. - Fig. 1508, l'ecten Jefforsonius (X ); 1504, Ecphora qundricostata (x j); 1505,
Striarca centenarla. T. Say, 1824.

1511

.'k AVu&i:

Pors

Prodyas

15,

.

INSECT
.-Flg

.&'uddor

e
151,

phone;

Ttl)ula Carolina

.
21,35

about

1-Tymenoptrs, ; 9

IRhynchophora
Lepidotrs, ; 25()
;Dipters,

toBuhferli oa.1Fn5edg2, irpesntd
.15l
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Besides these, Scudder has made out 31 species of Arachnids or
He states that about a fourth of all the species at Florissant are
Spiders.
Ants (Formicida), and that by 1885 more than 4000 specimens of Ants had
been brought from the beds.
Of Aphides, or Plant-lice, an eighth of an inch
or
he
less,
has collected over 100 specimens, representing 32 species,
long,
1511.

and all but one showing well the wings. TWO other localities, affording
similar species, one on the crest of the Roan Mountains in western Colorado,
and the second on the lower part of White River, at the Utah line, are
supposed to be at least as rich as Florissant.

Eocene Vertebrates. 1. Fishes. -The remains of Ganoid fishes (genera
Lepulosteus, Amia), and Teleosts, of the Perch, Herring, and other families,
are abundant in the Green River shales, along with remains of Plants and
Insects.
The marine Tertiary beds of the Gulf and Atlantic borders, and
especially of the Eocene, contain, in many places, the teeth of Sharks in great
numbers; three kinds are represented in the accompanying figures.
Some
of the triangular teeth of carcharodon megalocion Ag. (resembling Fig. 1513),
are six inches broad at base and six and a half long.
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1513-1516.

TEETh OF SHARKS.-Fig. 1513, Carcharodon angustldona; 1514, Lamna olegans; 1515, Notldanus primigenius.
TESTLTDINATI. - Fig. 1516, Tostudo brontops (x ). Figs. 1513-1515, Agassiz; 1516, Marsh.
2. Reptiles. - The Tertiary Reptiles include species of Crocodiles, among
thent, Croeodilus Elliotli Leidy, from South Carolina, and C. Sqiwukensis of
Marsh, from New Jersey; of Snakes, of the genus Dinop/iis Marsh, from
New Jersey, and of Boavus and Lithoplils, from Fort Bridger, about 20 feet
long; of Turtles, of the genera Testudo, Emys, etc., from the Atlantic border
and the Rocky Mountain region. Fig. 1516 represents one of the largest of
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American Turtles, from the Lower Miocene or White River beds, of Dakota,
Test ado brontops of Marsh, which had a length of about two and two thirds
feet.
The Puerco beds have afforded a species of Ghampsosaurus (C. Sapo
nensis of Cope), a Laramie genus. A very small species of Crocodile has
been reported from the White River beds.

3. Birds. - The Eocene and Miocene have afforded remains of species
related to Waders, an Owl, Babo leptosteus of Marsh, a bird near the
Woodpeckers, some web-footed species allied to the Gannet; and the Mio
cene, remains of a large Eagle, a Cormorant, and other birds. The Diatryma
gigantea of Cope, from the early Eocene of New Mexico, was larger than the
The Barornis regens of Marsh, from the Upper marl beds of
Ostrich.
Squankum, N. J., of the Eocene, had about the size and many of the charac
ters of the Ostrich.
and other species.

From the Florissant beds have been obtained a Plover

4. Mammals. - The

sea-border

Tertiary of the continent has afforded
remains of but few Mammals; for seashores are not their ordinary resort
The regions of the great lakes over the Rocky
except for aquatic kinds.
Mountain area, on the contrary, have been found to be literally Tertiary
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burial-grounds. They bear evidence that Mammals in great numbers, and
of several successions of faunas, lived and died about these lakes, and by

lacustrine agencies were buried.
These ancient bone-beds remained almost unknown to science until the
year 1847; and now, through the labors of explorers, and the works of

Leidy, followed by the memoirs of Marsh, Cope, Scott, Osborn, and others,
the number of known species far exceeds that of existing North American
Mammals. These Mammals are, with rare exceptions, of the ordinary or
placental type. The Marsupials, as in earlier time, were small species, re
lated to the Opossums; and their remains are known from the Early Eocene
onward.

Eocene. -The Eocene species comprise Herbivorous, or Ungulate, Car
nivorous, Insectivorous, and Rodent species, and also Quadrumana; and
The remains of Ungu
before the close of the period, Cetaceans, or Whales.
lates are most abundant, because such species frequent lake borders.
They
are related to the modern Tapir, Wild Boar, and Rhinoceros, yet only in
The
a very general way, as these special types belong to a later period.
earliest of the Eocene species are remarkable for their prototype or primi
tive characteristics: (a) the legs being approximately equal; (b) the feet
five-toed and of typical form, the five toes similar, with the third or middle
toe a little the longest; (c) the carpal bones and the tarsal in vertical series
with the following bones of the foot; (d) the teeth of the typical number,
'
that is, 11 in either ramus of each jaw, -the 11 including 3 incisors,
4,41
1 canine, 4 premolars, and 3 molars; (e) the molars of simple form, being
without
usually tritubercular at summit, or trigonodont; (f) the head
armature of horns or tusks.

CENOZOIC TIME-TERTIARY.
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Moreover, the types are generally comprehensive or intermediate kinds.
The flesh-eaters are intermediate in their teeth and other characters between
Carnivores anti Insectivores, and have been referred by Cope to a separate

group tiatued (lceo(ionts, from the Greek for flesh and tooth. Another group
has some of the features of the rfillO(O11tS, Rodents, and Ungulates; and
the Ungulates also have some of the characteristics of Carnivores or
Quadruin ana.
The prototypic features are presented by species of the genera Phena
codus, Corypliodon, and many others. They are well illustrated, as pointed
out by Cope, in the Phenacodus prinMt'vus, described by liiiii from a speci
men found in the \Vasatcli beds (Fig. 117).
Besides the primitive features
of 41 teeth, of five similar toes to both fore and hind feet, of the carpal
in series with the digits (Figs. 1517 o, b), the feet were probably planti
grade, the foot striking the ground with the whole sole, instead of being
1517.
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a

- Phenucodus prImavus (x

). Cope.

The animal is supposed to have been
raised on the toes' (digitigrade).
omnivorous, from
its teeth. The length of the body was about four feet.
The C,eorionts (prototypic Carnivores) of the Puerco beds also are described
by Cope as plaiitigrade species.
These characters are also well exhibited, as shown by Marsh, in species
A restoration of Coryphodon
of Coryphodon from the Wasatch group.
haincttas of Marsh is represented in Fig. 1518, and the fore feet and hind
The length of time body was six feet. The special
feet in Figs. 1,518 a. b.
prototypic features of the feet and limbs are manifest, after the above state
The animal was digitigrade, and had
ments, without special remarks.
short, nearly equal toes, a type of foot which is represented also in the

modern Elephant.
An earl genus in the line of the Tapir is Sqstemodon of Cope, represented
Besides other primitive features, it has
by S. ta;pirin us from the Wasatch.
the teeth in a continuous series, there being no interval (diastema) between
the canines and the preinolars.
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The Tillodonts of Marsh, which range from the Puerco
through the
Bridger Eocene, fail of prototypic characters in having less than the normal
(1

1518.

1)

Fig. 1518, Restoration of Coryphodon hamatus (x 1); a, fore foot; b, hind foot (x ). Marsh.
number of incisors, with one of the pairs much elongated like those of a
Beaver and other Rodents, as shown in the figures of Tillotherium
fodiens of
Marsh. The name, from TLAAW, bite, alludes to the long incisors. Pitta-
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1519-1523.

1519

a

1521

b

122

17'

Figs. 1619, Tillotherium fodiens, top slew, with form of brain cavity (x ); 1520, same, skull and lowerjaw; 1521
a, b, same, ungual phalanx or claw, front and side view; 1522, T. latidens, last upper molar (x 3); 1528,
Anchippodus minor, lower molar (x ). All from Marsh.
cother-lum of Cope is a genus of the group from the Puerco beds; A4nchippOdUS
of Leidy, from the Bridger group and the New Jersey Eocene; and Tub-
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therivn and Stylinodon of Marsh, from the Bridger beds. Figs. 1519-1521
are of Tillotherium odiens; 1522, of T. latidens; and 1523, of Aiichippodus
from Marsh.
Examples of later specializations are here illustrated (Figs. 1524-1527), in
Tapir-like species' of the genera Eohippus and Orohippus of Marsh, the former
from the Wasatch beds, and the latter from the Bridger. In Eohippus the
fore feet (Fig. 1524) have all
1524-1527.
1527
the five toes represented, but the
first toe is already reduced to a
"
"splint-bone in its metacarpal,
while the hind feet (Fig. 1525)
have lost wholly the first toe
with the metatarsal above, and

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

the fifth toe is reduced to a splintbone.
In the later Orohippus
the first toe of the fore foot with
its metacarpal (Fig. 1526) is
wholly wanting, and the first
and fifth of the hind. foot (Fig.
1527) are wanting. Fig. 1526
affords an illustration also of the
change in the relative positions
of the carpals of most Mammals

1525

1526

15

Fig. 1524, Eohlppus pernix, left fore foot; 1525, Id. left hind
foot; 152e, Orohippus agilts, fore foot; 1527, Id. hind
toot (nil x ). Marsh.

(and. also usually of the tarsals) from that of vertical series (the prototypic
position) to that in which the bones alternate with one another (Fig. 1526),
so as to give the joint greater strength and safety. This change, with others
of like import, began even in the Eocene. In addition, the metacarpals are
much elongated.
1528.

Tnpirus Indict,s, the modern Malayan Tapir.
1 On account of the frequent references in the remarks on Tertiary Mamma's to the
It shows its general form, short
Tapir, a figure of a modern species is here introduced.
legs, and elongate nose.
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From the Puerco and Wasatch beds come the earliest of the Quadrumana.
Fig. 1529 represents the skull of one of the species, Anaptomorplius iwinunculus Cope, from the Wasatch beds of the Big Horn Basin, of Wyoming.
1529.

a
Anaptomorphus homunculus; a, cranium, from above; b, same, from below, enlarged. Cope.
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Other Wasatch species include Creodonts of several genera, Insectivores,
and the earliest of true Rodents.
There were also in the Wasatch beds, and
others equivalent, the first of Artiodacti Ungulates, the 4-toed Pantolestes
brachystomus of Cope, and Honiacocion 2n/SC us of Marsh; named Artiodactyls
(and also Paridiqitates) because the four toes are in pairs, the third and fourth

being equal, and also the second and fifth if present.
Examples are shown
in Fig. 1538. The two pairs are present in the Hog, Hippopotamus, etc.; the
1530.

Restoration of Tinoceras ingens of Marsh (x

).
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single pair (often with rudiments of the other), in the Camel, Stag, Ox, etc.
Another Artiodactyl of the same horizon is the Eoh!Ins distans of Marsh,
having Suilline or hog-like characteristics.
The l3ridger Eocene is remarkable for the remains of Dinocerata, animals
of Elephantine dimensions, having elongate canines, and two or three pairs of
bony prominenc.es or horns on the head. Fig. 1530 represents the Tinoceras
ingens of Marsh, an animal 12 feet in length. They were successors to the
Coryphodons of the Wasatch. The p1o1ni1ei1ces referred to are situated

Marsh observes
severally on the snout, the cheeks, and the forehead.
that part, if not all of them, were horn-cores or bases of horns; and that
those that were not so must have been covered with the bide, as in the Giraffe.
While tints armed to excess, and probably of great strength, the very small
brain shows that they were extremely low in intelligence.
The earliest
in
October, 18
(his
species are: Tinoceres anceps of Marsh, described
Titanotherium crnceps of 1871, found in 1870) ; Uintatlierium robustum
ot Leidy, August, 1872; and Tinoceras grandis and Din oceras vurabilis
of Marsh, October. 1872.
151.
Ui,i tat herium Le id!/an urn

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

of Osborn (1878, 1881) has
very prominent horn-cores
and is from Dry Creek,
Wyoming. Uintatherium
has 36 teeth, Dinoceras
and rfinocer
34.
The Bridger beds have
afforded, among species
related to the Tapir, the
genus Ileluietes of Marsh,
having the teeth 44 in

qV
H

'I.

nuniber and in contact,
Restoration of PnIosyops paludosus (x ) by 0. Eark, 1892.
which are prototypic characters. also species of Ilyrachyns and Pakeosyops of Leidy, which are
Common in the beds.
Fig. 1531 is a restoration, by C. Earle, of
es-pecially
PaiLeosyops paiudosus of Leidy, an animal about six feet in length.
There are also in the Bridger beds remains of Quaclrwnana, Creoclonts,
and Bats, as well as Rodents and Insectivores.
The Uiuta group, the last division of the Eocene, has afforded new Tapir
like species of the genus Dipkteoilon of Marsh, related to Piuos,ops of the
Bridger group and to the Titanotlieres of the Miocene; Species of Aln!/nodon

of Marsh, related to the Rhinoceros; the Epihippus gracilis of Marsh, an
early form of the Horse; also the earliest of the Camel group, Leptotragnius
of Scott and Osborn; and of the Oreodonts, Protoreodon; a single genus of
Creodouts, besides many other kinds.
The sea-border Jackson beds of Mississippi, Alabama, Georgia, and South
Carolina have afforded bones of two whale-like Mammals of the genus
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One nearly
Zeuglodon, one of which, Z. cetoicles, was nearly TO feet long.
perfect skeleton was found in place by S. B. Buckley in Clark County, Ala.,
about 100 miles north of Mobile, having the
1532.
Vertebre were so abun
length here stated.
dant, on the first discovery, in some places that
many of these Eocene whales must have been
stranded together, in a common catastrophe,
on the northern borders of the Mexican Gulf,
-possibly through a series of earthquake waves

of great violence; or, by an elevation along the
sea limit that made a confined basin of the
border region, which the hot sun rendered de

ci

struetive alike to Zeuglodons and their game;
or, by an unusual retreat of the tide, which left

4.
I

(I

them dry and floundering for many hours under
a tropical sun. The Zeu1odon is the Basilosccu-

J,9

?'Its of Harlan (1834), the Zeuglodon of Owen.
Some of the dorsal vertebre have a length of a

"

foot and a half, and a diameter of a foot; and

-
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Tooth ofZeuglodoncetoidas Cx ). D.
from

a rib, a length of nearly six feet.
Fig. 1532
represents one of the molar teeth, the yoke-like

form of which suggested the name Zeuglocion,
6ou'c, tooth. Some of these teeth had a longer diameter

ciyA, yoke, and
of four and a half inches.

MIOCENE. -The Miocene Ungulates were of different species from those
of the Eocene, and mostly of different genera.
1533.

Titanotherham giganteum of Loidy (x

Restoration by Scott and Osborn.

In the earliest of the White River group, the Titanotheriurn beds, the
of the genus Mesoliipspecies include the gigantic Titanotheres; new Horses
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pus; several new genera of the Hog family, among them species of Elotherium as large as a Rhinoceros.
The Titan otberin9n, qiqanteurn of Leidy (1852) is one of the earliest species
the
discovered in the White River region. The restoration, Fig. 1533,
natural size, is by Scott and Osborn.

The length was over 13 feet.
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1534.

Restoration of Brontops robustus (x). 'Marsh.
Fig. 1534 represents a restoration, -4 lu natural size, of another of these
The length of body was
Titanotheres, the Brontops robustus of Marsh.
nearly 12 feet.
1535.

Elotherium crassum of Marsh (x

).

A restoration of one of the Artiotlactyl Ungulates is shown in Fig. 1535,
representing a large species of Elotheriuin, E. crassum of Marsh. Its
length was about seven feet. Its remains occur in Colorado and South
Dakota.
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Above the Titanotherium beds lie the Oreodon beds, so named from a
characteristic Artiodactyl, between the Hog and Deer in structure. Fig.
1536 represents, natural size, the skull of the species, Oreoclon gracilis of
Leidy.
The Oreodon beds have afforded, besides species of several genera occurring
in the Titanotherium beds, remains of Tapir-like Ungulates of the genus
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1536.

Oreodon gradlli8.

From Leidy.

Protapirus; also others related to the Rhinoceros, teeth from one of
which, of the genus Hyracodon. (H. Nebrascensis of Leidy), are shown in
Fig. 1537.
There were also species related to the Camel; the earliest of true
Carnivores; the earliest known of Bats; of Squirrels of the modern genus
&iarus, with many other Rodents; and Marsupials of the modern genus
Dideiphys, or that to which the Opossum belongs.
1537.

Teeth of Hyracodon Nebrascensis.

Leldy.

The following is a restoration, h the natural size, of Poëbrofheriurn
labiatum of Cope, by W. B. Scott, a species of the Camel family, near the
Llama in its proportions.
It is a fine example of a two-hoofed Artiodactyl.
Its characteristics will be understood after a comparison of the feet with
those of Phenacodus, Fig. 1517.
The foot in Fig.1538 includes the part
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of the leg from f to t. Moreover, the upper ends of the tibia and fibula are
soldered into one bone. In many species of Artiodactyls the soldering is so
complete that no suture is left to indicate it. This addition to the length
of the legs, by putting the foot vertical on its toes and elongating the foot
1538.
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ARTIODAC'FYL UNGULATE. -Fig. 1585, Poflirotherinin labiatum, restoration (x
reduced. Scott.

1;

); a, b, same, feet, less

(especially the metatarsal and metacarpal bones), was of great advantage to
the running animal ; for it served, as also in the Horse, to give a propor
tional increase of speed, other things equal.
The Fauna comprised also several Insectivores; also Beavers, among
Rodents, as the Paiceocastor Nebrasceiisis Leidy, besides other species.
The Protoceras beds of Wortman, making the upper part of the White
River group, are characterized by various Artiodactyls related to the Camel,
Deer, and Hog, and the remarkable Protoceras of Marsh, which has long
canines and horn-cores, the fore feet 4-toed, while the hind feet are 2-toed;
also others related to the Tapir and Rhinoceros, and various Carnivores and
other species.
The John Day beds of Oregon are characterized by the genera A!io1nppts,
Diceratherium, Thinohj us, Poëbrotheriurn, Eporeodon, Elot her/urn, various
Rodents and Carnivores of the genera Gynodoii, Teinnocyou, Dinictis, and

others.
In the Deep River beds of the Upper Miocene occur the first known of
IM,astodons (M. proav?ts of Cope), Rhinoceroses of the genus Aph e lops, several
genera of the Horse type, Aliohippus, Desinatipp us, .Anchitheriurn, Proto-

hipj) US.
The Loup Fork beds are characterized by species of Procarnelus, and the
related Protolabis, Protohippus, Aphelops, Mastodon (31. rnirficus of Leidy),
and by Deer of the genera Blastornerx and Cosoryx, together with Carni
vores of the genera Can/s and i1iacharodus.
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The Miocene of the

Atlantic border has afforded remains of
many
Cetaceans.
Among them are various Dolphins, several species of Whales
of the genus iSqualolon, related in teeth to the
Zeuglodon, the largest
about 30 feet long.
Others having the teeth excessive in number, or multi
plicate, and provided with only one root; others having similar teeth, but
only in the upper jaw, as in the genus Physeter, or that including the Sperm
Whale; others with teeth in neither jaw, as the Baleen or Whale-bone
Whales, but having several hundred plates of the so-called whale-bone,
growing vertically downward from above, with edges of fine fibers, to
serve, net-like, for gathering food of small Crustaceans and other
species
from the ocean's waters.
Fig. 1539 represents a restoration of a species of
1539.
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CET&OBAN. - Cetotherlum cephalus (x

.

Restoration by Cope.

this kind, 30 feet long, from the Maryland Miocene, the Cetother(v.m cephalus
of Cope (1890).
The head of the Baleen Whales makes about a third of
the length of the body.

PLIOCENE. -The Blanco beds of the Liano Estacado, western Texas, in
the Pliocene, have afforded Cope remains of a Megalonyx, Mastodon miriftcus,
Equus thnplicidens Cope, a Camel of the genus Pliauchenia, and some other
species.
The succession of forms in the feet and teeth under the Horse type
is illustrated by Marsh with the following diagram.
The plate contains, in
a series of seven columns, figures of the fore foot, hind foot, lower joint of

the forearm (made up of the radius and ulna), the same of the leg (tibia
and fibula) ; and (5, 6, 7), others showing the length of the teeth and the
convolutions within them.
Columns 1 and 2 illustrate the fact of the
diminishing number of toes with the progress of the Tertiary, until at last,
in the modern kind, only the middle or third toe remains, with, either side,
rudiments of the second and fourth in the form of the splint bones, while
the third toe has become increasingly larger and longer. In the regular series,
besides the genera there mentioned, EpIliippus of Marsh is an intermediate
genus between Orohippus and Mesohippus; and Desmatippus of Scott, one

between Miohippus and Protohippus.
In the derivation from the Tapir-like
precursors, the type of the Horse became distinct when the middle toe
was decidedly stouter than that either side of it; and it reached its maximum
when this toe was the only one, and the other two were merely "splint"
bones.
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1540.
IV. Recent.

Fore foot. Hind foot. Forearm. Leg.

Upper molar.Lower molar.

Equus.

II
III. Pliocene.
(2) PLIORIPPU8.

(1) PROTOHIpPUS.
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4
IL Miocene.
_

(2) Miomppus.

(1) ME8OHIPPUS.

£
I. Eocene.
ORO}IIPPUS
(Hyracotherium).

Illustrations of the characters of successive genera under the Horse type. From Marsh.
Another important fact in the history of life as suggested by Lartet
from some early European Mammals, and demonstrated by Marsh from the
DANA'S MANUAL -58
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American, is the increasing size of the brain with the progress of the
Tertiary.
In most of the earliest Eocene species the brain was extremely small, and
especially the cerebral or anterior part; that of the Dinoceras might have
been drawn entire through the cavity of the spinal cord.
This point is
illustrated in figures 1541-1543 (from Marsh), representing the skulls,
reduced to a common length, with the brain cavity: of the Eocene Dinoceras
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1541

1541-1543.
1542

15443

llluBtratlons of the sizes of brains in successive genera of Ungulates. Fig. 1541, Dlnoceras (Eocene); 1542,
Brontotherluin (Mloceue); 15443, Modern Horse. From Marsh.
(Fig. 1541), the Miocene Brontotheriu?n (Fig. 1542), and the modern Horse
The Horse has a brain more than eight times the bulk of that
(Fig. 1543).
of the Dinoceras.
It is seen in these figures that the posterior part of the
brain, as Marsh observes, has undergone little change of size, the enlargement
having been eminently in the cerebral portion. The principle has necessarily
its exceptions, since size is not the element of most importance in a brain.
Marsh has further shown that the principle is exemplified j11 fossil Birds, and
also in the Dinosaurian group of Reptiles.
In addition to relics of Rodents in the form of bones and teeth, there are,

in the Niobrara region, what have been supposed to be burrows of some
species of Rodent.
They were described as probably fossil Sponges by
E. H. Barbour (Univ. Studies, Nebraska, 1892, where many excellent figures
are given, some showing specimens in place).
They stand vertically, in
large numbers, in the Miocene of the region, some of them 8 or 9 feet in
height. Each usually ends below in a long horizontal or oblique chamber.
Dmonelix is a Greek form (abbreviated) of the popular name "Devil's
corkscrew."
The figure includes two views of one of the specimens, the
vertical spiral of which is 53 inches high, and the oblique basal portion
76 inches.
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Since Rodents have been described from the same beds, and a skeleton
of one has been found at the base of one of the spirals, there has seemed
to be strong reason for regarding them as the core of a fossil burrow; and

this has appeared to be confirmed by the fact that the skeleton
belonged to
a Rodent that was of the right
1544.
size to have made the spiral
cavity. But according to the
latest investigations of E. H.
Barbour (published in November, 1894), the spiral stems or
.:, 4
fillings have a cellular struct01
ure, as if of vegetable origin.
L
The oblong cells average one
S. I
of
an
inch
in
thirty-second
diameter, but vary from one
'
-.
sixty-fourth to one eighth, and
-314 In.
.,
even to one fourth. The ex"s
tenor is made of these tubules
In.
The
variously intertwined.
Two views of a specimen of Diemonelix.
whole of a spiral and its long
E. H. Barbour.
transverse continuation at base
have the cellular structure. "Each and every well-cut section shows
paren
ehymatous tissue, no matter from what specimen, or from what portion of
an individual specimen, the section is made; there has not been an
excep
tion to this." The final conclusion therefore is that the fossil
having the
form,
with
its basal portion, was probably some kind of
spiral
together
and
that
it
around
the inclosed skeleton.
plant,
grew
Characteristic Invertebrate Species.
EOCENE.
1. MIDWAY. - Enclimatoceras Ulrichi White, O.c(rea Pnlaskensis Harris, Ostrea
p)c-compresszrostra liar., Pecten Alabainiensis Aldrich, Yoldia eborea Conrad, Cucnlla
macrodo n ta Wli itfield, Caduins t urgidus Meyer, Carfeefla Leana Dali, Voluta Slwwalteri
Aldrich, Vol utilitlies ruqatus Conrad, Volutilithes limopsis Con., Leucozonia biplicata Aldrich, iVeptunea constricta Aldrich, N. )latthewsensis Aldrich, Pseudoliva unicarinata
Aldrich, Murex Alahaniienszs Aldrich, Turritella Alabamiensjs Whitfield.
2. LIc.xJTIc. - Maryland and Virginia: Ostrea compressirostra Say, Cucultra gigantea Conrail, Crassatella ala'formzs Conrad, Dosiniopsis lenticularis, Cytherea ovata
Rogers, Pa nopcca clv nqq(q. Conrad, Pho?adorn!/a Mrylandica Conrad, TurriteUa precincta
Conrad. Alabama: O.'trea comprssirostra, 0. thirs' Gabb, Cuculia gigantea Con., var.,
Crassatella £ umidula Wh itfich 1, Dosiniopsis lenticularis, Ph oias alato idea Aldrich, Voluta
He wcoinbiana \'Th ittleld, Pseudoliva tuherc u lfera Conrad. Upper beds, Alabama: Eusus
interstriatus l-Ieiiprin, Pleur"tonza noniliata Heilprin, Lcrvibuccinnrn lineaturn Heilp.,
Pseudoliva scalina Heilp., corbula Aidrichi Meyer, Cardium Hatchetigbeense Aldrich.
3. LOWER CLAIBORNE.- Ostrea Johnsoni Aldrich, Anornia ephippoicies Gabb, Yoldia
Claibornensis Conrad, Trigonarca pulchra Gabb, Crassatella antestriata Gabb, C.
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texalta Harris, C. Texana Heilp., C. Trapaquara Harris, Astarte protracta Meyer, Astarte
Smithviliensis Harris, Lucina Claibornensis Conrad, Pteropsis lap idosa Conrad, Corbula
oniscus var. fossata Aid., Tellina .i)Iooreana Gabb, Solen Lisbonensis Aldrich, Pholadomya
Claibornensis Aldrich, Terebra Houstonia Harris, Pie urotoma beadata Harris, Pleurotoma
Huppertzi Harris, .ATassa Dalli Aldrich, Xassa scaiata Heilprin, Phos Texanus Gabb,
Distortrix septemdentala Gabb, Odontopolys compsorhytis Gabb, Vointilithes ilaleanus
Whitfield, Mazzalina pyrula Conrad (typical), Strepsidura .tievs Gabb, Clavilithes Prosel Heilprin, Yeptunea enteroyramna Gabb, Twrricula polita Gabb, Borsonia biconica
Whitfield, 3fesalia Claihornensis Con., Turr(teila nasuta Gabb, Bimella Texana Harris,
A ucilla ancillops Heilp., Cassidaria dubia, iYatica recwrva, Belosepia unguia Gabb.
4. CLAIBORNE. - (irassatella alta Con., Panopa porrectoides Aid., Lutraria papyria
Con., Arca inornata Meyer, Cytherea Morioni Con., Cytherea te'quorea Con., Corbis dis
tans Con., Bingicula biplicata Lea, Rimella laquenta Con., Caricella doliata Con., C. Clai
bornensis Har., Clavlithes pachyleurus Con., Cerithium Claibornense Con., Mesalia
obruta Con., ill. vetusta Con., Turritella carinata Lea.
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5. JACKSON. - Ostrea trigonalis Con., Pecten nuperus Con., Leda multiiineata Con.,
Leda mater Meyer, Crassateila flexura Con., Teilina iinifera Con., Builinella Jack
sonensis Meyer, Haminea qrandis Aldrich, Pleurotoma Ileliprini Aldrich, P. Americana
Aldrich, P. perex.ilis Aldrich, Turricula 3liilingtoni Con. (typical), Conoinitra
Hanna-ken
Har., ClavWthes humerosus Con., Fusus peanlensis Aldrich, (Jonorbis aiatozdeus
Aldrich, Cassidaria Petersoni Con., Turritella alveata Con., Turritella arenicola Con.
(typical), Turnitelia perdita Con., Natica permunda Con.
6. \TICKSBLHtG. - Ostrea Vicksburgensis Con., Pecten anatipes Morton, Pecten Ponisoni
Morton, Bjssoarca protracta Con., Area M(ssissippiensis Con., Pectunculus arctatus Coil.,
(irassatella ilfississtppiensis Con., Cardium diversum Con., Cytherea sobrina Con., C. imi
tabilis Con., Dentalium .2liississippiense Con., Pleurotonia congesta Con., P. tenella Con.,
P. cnistata Con., P. rotct'dens Con., P. declivis Con., P. abunclans Con., Mitra ceilulfera
Con., ilL conquisita Con., Turbinelia Wilsoni Con., Caricella demissa Con., Jlurex sim
plex Aldrich, Typhis curvirostratus Con., Oliva Miss issippiensis Con., Fulgur spinige'r
Con., Chenopus liratus Con., Oniscia harpula Con., Lyria costata Sow., Melongena
crassicorn uta Con., Cia vilithes Mississippiensis Con., Turritella ecelat nra Con., T. Missis
sippiensis Con., Solarium tniliratum Con., Natica Miss issippienszs Con.
Ostrea Georqiana, Fig. 806, was originally described from Shell Bluff, Ga., of Lower
Claiborne horizon. It is doubted whether it is rightly made a Vicksburg species.
A specimen containing Eocene fossils has been reported by lJpham and Crosby from
the drift of Cape Cod.
In California, in the Tejon group, occur, according to Gabb, Ammonites (A. Jugalis
Gabb), Eusus, Surcula, Typh is, Tritonium, Nassa, Pseudoliva, Olivelia, Fasciolania,
.lifitra, li'icus, Natica, Lunatia, iYeveriea, Naticina, Scalaria, 'l'erebra, .ATiso, Cerithiopsis,
Architectonica, Con us, Rimella, Uyprwa, Loxotrema, Turritelia, Galerus, iVerita, Mar
ganitelia, Gadus, BuUa, Solen, Gorbula, Necera, Teilina, Donax, Venus, Meretrix, Dosinia,
Tapes, Cardium, Cardita, Lucina, Crassatelia (C. aita Con.), Mytilus, Alodiola, Avicula,
Arca, Axincea, Pecten, Ostrea, with the coral Troelwsmilia striata Gabb.
MIOCENE.
1. CIATTAROOCUEE. - Orthaulax pugnax Heilprin, Pyrazisinus campanniatus FIeilp.,
P. acutus Helip., Genithium Hillsboroense Heilp., Potamides Ira nssectns Dali, TTasum sub
capitellum Heilp., Coralliophiia magna Dali, Ampullina solidula DalI, Turnitelia Tampce
Heilp. The fauna of the Chattahoochee deposits where typically exposed has not been
carefully studied; the above-mentioned species are mainly from near Tampa.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

CENOZOIC TIME -TERTIARY.

917

2. ('ii iven..t. - Or(haula.r 1','v,!il,i Dall, ,'qr,,,jbu.q ."ll(lriehi 1)all, Turriecila suliqruu
difera Dail, T. Ch ipolana I)aIl, J'o!!ju lees Jjurusjj I)all, _lmjiullina Fischcri flail, ('lava
Dall, I?iUiun, (li ijnslan mit 1 )al I, JIodulu cuiijiaetus Pall, Trrii!la uzdenta
(Jhipolii
var mi.r(a Dall, Tube, (U' ulissi,na I)aIl.
1. Y it Kimv s. - Osirea pirerassa ('tin.,
. clm.jiarilis Con., I'eeien .J4JTersun (us Say,
J'. Madison his Say, I (1i,stvin ins Say, lfql iloeuuc/mcg Inc urea Con., A rca idonea Con.,
it. sit brostrula Con., .1. zU(;lis Say, ,i?ta?'((1 Cente'nvirivi S', P('t U tiC ul US S U!iVe(it us Say,
vj uinq neruqalus ('on., Asiatic umlithi(a Say, (?rassa (ella me umlaut Say, CY. nu'lina ('on.,
C. .11(1 ef/la ?Ulie(i Coll., I.1U'?fl(i It ii (Uh()flla Say, 1. Crib?'arUl Say, I)ipkulou (cm arclinis Con.,
(ai'ddi,sa.m'a (lr4t(tl Coll., ('ardium laijueaium ('on., I n us eoriinv,rt'a Rogers, Cy(!eerea
'1/a rylvi tivljea ('on., C. slam inea
Isora rilia "6-ale rita Say, Dosin ía acetabula Coi.,
3!(((h-(t (14'! Uiii bis ('on., I'efricola eenfruaria ('oil., I'aii o,ia'a rejiexa Say, F. :1 HiV'li('((na
Con., P/eulwlom yet abrapia Con., Cm-bidet ivbius'vt ('on., TvIliuei FipFieata Con.. Tcrvbra sim
plex (eon., Eep/i ora q uittlrieiisgv,bt Say, I"viseinlaria rimvim b',idv'vi I {tigers, 'l'f/Js/l IS acutk'isla
Con., Urosaljmiu.r trussulus ('on., Fusus parilis ('on., I". exit/s ('on., 1". s(i'ui,tvmSies (eon.
The Miocene species of the isIiky Marl bed, South Carolina, determined by flaIl (1894,)
include Jstartr rieina Say, Ecpiwrvt cjuadriros(cz(a, an .Ini us/nm not distinguishable from
.1. .l!ortoni, Luelna emmirm'ta, Dental/mon alien untum, I'eeten eb'eennarius, with others of
('orliula, Lecla, lultl,a, 7'el!inn, .llarqinella, Solen, Jlodis,!a. The species show closer
relations to the York town epoch than to time ('hipola. D all adds that the change in the
rock to the phosphate condition probably took place in Pliocene titue like that of the
similar phospliatic pebbles of Peace River, Via.
The Miocene of Cray Plead, Matita's Vineyard, afforded I)all : Careliarudon auqus
(ideus, Hentiprisiis semi, Oxyrliina ivaslalis ; the ('rustacean :Irehamplas sitnmf"ra
St iinson ; the Mollusks, Yoldia limatulu, Y. sapotilla, Card/no I 7 rqiniaz urn, Xueula
S/ialeri I )al I, Ge;nmna purp urea var. Touen I, .lhia are na,'ia, Mya (vu iteata, Glycitneris
rlexa, Chrysodmnu us Siotiri l'ilslnmry. The overlying Pliocene contained, according to
J. B. Woolworth, Corbkula densata, and Venericardia borealis of Pliocene type.
PLIOCENE.

Fi.on 11)1 A N. - Arm sealarina I lcii).. .1 rm'viplervt ae,eula'furni is I Ieilp., Area crassicos(a
I leilp., (_'/ia,na rrmissa I Leilp. , (.'ardiumn Dat/i I Ieilp., Venus rtlf/u(iua lleilp., Cyiliara Let,ninuht D all, Strombus 14'idri// I Ieilp., i"'ip/Im.cP/pra'a ))rftblm'flialica I Ieilp.. 1 asuin lwrridum
I Ieilp., Fasewla,'um ,eularina I i4'ilp. , Lioc/elamn ys bulbosa 1 Ieilp., 'I'urbinella reqina l!eilp.
The above lists of Atlantic border and (half border species are from 0. 1). Harris.
The species are " characteristic " in being found 11 either exclusively, typically, or most
abundantly, in the group where mentioned.''
C/iaraefcris(ie Genera of I ertebrates.
In this list of genera the names of those which occur in corresponding beds
abroad are put in small capitals; those which are represented by existing
species are followed by an interjection mark.
EOCENE.

PtmEnco (",uorr. - Monotremes or Marsupials (Mnltitnberculates): Paloilits, ?,Teopla
qiaulu.r. ('/miros, Pmslymas(mlon. Tillodonts : Psiuaevalberium. Ungulates: llaploeunus,
Periptycli us, Protoqu U in, Pruiv,io,,mulo,m ; Pai:iolum bdmm. Creodonts : Oxuelmu,, its, lien (a
CO(lO H, Triisodon, i)fje,'oc'lit'n (mlii' 11, Dissacus, DelLatheriu in, J)idyrn ktis.
Quadrumana
(Lemuroids) : .11ixcitleetes, Jndroduu.
Tillodonts Dr!/puxlon, ESTIIONYX, CA LA
\VASATIf ('nori'. - Rodents : I'ai'mmnmii
MotioN. Ungulates: Phenneudus, lrispvinilylus, .,lfCfl(SCU(/U'r/U71t, 1.fyi-acops ; Coryphodun,

918

HISTORICAL GEOLOGY.

4lfanteoclon, Ectacodon, Metalophodon; HYRACOTHERIUM, Eohippus, Systernodon, HErTODON, Lambdotheriu m; Artiodactyl Ungulates, Pantolestes, Hornacodo n, Eohyus,
? Achcinodon. Insectivores: Diacodon. Creodonts: Anacodon, ? Dissacus, Pachya,'na,
SIN0PA, Dideiphodus, PAL.EON1TIs, Oxycena, illtacis, Didyrnictis. Quadrumana: Anap
tomorph us, HVOPSODUS, Pelycodus, Cynoclo ntomys, Micros yops.
WIND RIVER, GREEN RIVER Gaoups. -Rodents: Paramys. Tillodonts: Esthonyx,
Calarnodon. Ungulates: Phenacodus, Trispondylus; Coryphodon, Bathyopsis; Byraco
therium, Pachynoloph us, Lambdotheriurn, Palosyops; Artiodactyl Ungulates, Panto
lestes. Insectivores : Ictops. Chiropters : Vesperugo. Creodonts: Sinopa, Patrio fells,
Afiacis, Didyrnictis. Quadrumana: Microsyops, Pelycodus.
BR1DGER Gnoup. - Rodents: Paramys, Mysops. Tillodonts: Anchippodus, Tillothe
rzinn.

Ungulates: Uintatluriunz, Dinoceras, Tinoceras; Orohippus, Lambdothertum,
Pala?osyops, Lirnnosyops, Telmatherium, Hyrachyus, Heloh yus, Golonoceras, Triplopus,
Bela letes, ISECTOLOPU us, Am ynodo ii; A rtiodactyl Ungulates, A chnodo fl, 110M ACODON,
Insectivores: Ictops, Palajacodon, ? Passalaco
Nanomeryx, Helohyus, Ithygramnodon.
don. Rodent: ? Apatemys. Chiropters: Nyctilestes, ? Vesperugo. Creodonts: Miacis,
Didymictis, Mesonyx, SINOPA, PItOvIVERRA, ? Viverravus, Patriofelis.
Quadrumana:
H YOPSODUS, Notharctus, Microsyops, Tom itheriurn, Lemuravus.
UINTA GROUP. -Rodents: Paramys.
Ungulates: Epihippus, Triplopus, Amynodon,
Isectolophus, Diplacodon; Artiodactyl Ungulates, Protoreodon, Byomeryx, Leptotragulus,
Oromeryx. Creodonts: Itlesonyx, ? Miacis. Quadrumana: Hyopsodus.
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MIOCENE.
1. LOWER MIOCENE.
A. WHITE RIVER Gnoup.
(In part, Oligocene of W. B. Scott.)
Titanotherium
beds.
(1)
Ungulates: Titanotheriurn, Brontotherium, Brontops;
Teleodus, CN0PUS, Mesohippus, C'olodon; SCHIZOTHERIIJM (Canada); Artiodactyl Ungu
lates, ? Oreodon, ELOTHERIUM, ANCODUS (HYOPOTA Mus), ANTHRA COTHE RI UM, Pobrothe
riurn, P Leptomeryx, P Hypertragulus. Creodonts: Hemipsalodon (near Pterodon, Canada).

(2) Oreodon beds. -Marsupials: DwELI'nYs! Rodents: Ischyromys, Gymnopty
chus, Heliscomys, STENEOFIBER, Sciuitus, EuMYs, Palaolagus. Ungulates: MEsouzr
PUB, CNoPus, Hyracodon, ZIearnynodon, Colodon, PROTA i'i itus; Artiodactyl Ungulates,
Oreodon, Agrlochcerus, ANCODLJS; ELOTREIUImI, ANTuitAcOTIIERIUM, PE1tcnuRus, Lepto
cha3rus, Poëbrotherium; Leptomeryx, Hypertragulus, Hypisodus, Stibarus. -Insectivores :
Creodonts:
Chiropters: P Domnina.
Ictops, Leptictis, Mesodectes, Geolabis.
NODON.
Carnivores: Daphwnvs, CYNODON, DINICTIS, Hoplophoneus, Buncelurus.
Quadrumana: P Laopithecus.
(3) Protoreras beds.-(Rodents not studied.) Ungulates: CIENOPUS, DIcE1ATiIEItIUM, ilyracodon; ?Miohippus; PROTAPIRUS; Artiodactyl Ungulates, Oreodon, ?Epo
reodon, Agriochcerlts, Coioreodon; Leptauchenia, ANcoDus; ANTII RACOTIIEIUUM, Percho3
rus; Leptomeryx; Protoceras. Creodonts: Hycimodon. Carnivores: CYNODON, i)INICTIS,
Hoplophoneus, P Pogonodon.
B. JOHN DAY Gitoup. -Rodents: Ailoinys, Sciunus, STENEOFIBRR, Sitornys, Paciculus, Pleurolichus, Eutoptychus, Patwolayns, Lepus /
Ungulates: MACItOTILIRIUM
C.ENOPUS, D1cERATnERItnI ; illiohippus ; ? PuOTAI'iltIIs ; Artioclactyl Ungulates, Eporeo
don, .Mesoreodon *, .iferycoclLcerus, Aqrwrhcrrns, Coloreodon (Aqr(omerix), I1,pertragu
ins; Poëbrot/ieriuin, Gomphotherinin ; Elotheriurn, Chwnohyus, Bothriolahis, 'l'hinohyus.
Carnivores: Daphanus, C-NonoN, Temnoegon, (Jynodesmus *, Enh?/drocyou, Hywnocyon,
Oligobunis, Archwlurus, Dinictis, Iloplophoneus, Nimravus, Poqonodon, Parictis.
(The genera in small caps are found in the Lower Miocene of Europe. The genera, the
names of which have an asterisk added, are known only from the John Day of Montana.)
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2. UPPER MIOCENE.

FORK GROUP. -(1) Deep River bids.
(Ticholeptus beds.) -Ungulates:
Anch
itheriurn,
*,
Afiohippus, Desmatippus
Protoh(ppus, Aphelops, MASTODON.
Nebraska
beds
or
Fork
(2)
Lou1)
proper. -Rodents: STENEOFIBER, Sitomys (Hesperomys), Hystricops, Pakuolayus, Pan olax. Edentates: Uaryoderma. Ungulates:
Chalicotherinin, Piioh ipp us, Protohippus, 1-1 ii'tuuos, P Tap iravus, Aphelops, 'i'eleoceras;
Artiodactyl Ungulates, Merychy us, Meryeochrus, Protolabis, Procamelus, Flatygonus,
Fliauchenia, BLASTOMERYX, Cosoryx. Proboscideans: MASTODON. Carnivores: ? CANIS I
Elurodon, PSEUD.ELURUS, MACHARODUS, STENOGALE, Brachypsalis.
PLIOCENE.
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1. Palo Duro beds. - Rodents: P Arctomys, P Geomys.
Ungulates: Protohippus,
Equns!, Hippidium, Aphelops; Artiodactyl Ungulates, large Camel, probably Pliaucke
nia. Proboscidean: Mastodon.
2. Blanco beds. -Edentates: Megalonyx. Ungulates: EQuus!; Artiodactyl Ungulates, Platygonus, Pliauchenia.
Proboscidean: MASTODON. Carnivores: Canimartes,
?
FELlS!
Borophagus,
The preceding list of genera has been prepared for this place, for the most part, by
W. B. Scott.
The more important publications on North American Tertiary Mammals and their
historical relations, are those of Leidy on the Mammalian Fauna of 1)akota and Nebraska
(1869), and other memoirs; Marsh, on the Introduction and Succession of Vertebrate life
in America (177), and his many earlier and later papers; Cope, on horizons of Extinct
Vertebrates (1878), on the Origin of the Fittest (1887), and his other various publications;
H. F. Osborn, on The Rise of the Mammalia of North America (1893), and other memoirs;
and papers by W. B. Scott.
FOREIGN.
Notwithstanding the catastrophe that produced over the continental seas
the wide exterminations of species which closed Mesozoic time, Europe in
the earlier part of the Tertiary era was much like Europe of the Cretaceous
period. In the interval there had been emergencies and a widening of the
areas of dry land; yet nearly half the continent south of the parallel of 5°
remained under salt water, or was barely emerged. There were frequent
oscillations during the progress of the Eocene; but in its later part the sea
had great extent over southern Europe, covering, in part, the sites of the
chief mountain ranges and spreading largely over Asia. Great Britain was

still continuous with Europe, and the London-Paris basin was one of the
large local seas; but that basin had narrowed limits in southeastern England
and also in France. After time Eocene the conditions were changed by the
making and partial elevation of the Pyrenees and large emergencies else
where, but part of the region of the Alps and Juras was still producing rocks

for the finishing of the mountains.
The contrast with Tertiary North America was great. There was no
localized sea-border belt of accumulating deposits; and what it had of inte
rior lakes were estuarine or lacustrine in alternation with marine conditions.
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Consequently,- Mammalian life is much less perfectly represented in the
European Tertiary than in the North American.
ROCKS-KINDS AND DISTRIBUTION.
In England, beds of the Eocene occur in the London and Hampshire
The Lower Eocene consists of beds of sand,
basins, resting on the Chalk.
with marine fossils called the Thanet sands, with some clay-beds above, and

the London Clay, an estuarine deposit, 500 feet in maximum thickness, which
has afforded many species of fossil leaves and Eocene Mammals, besides
The Middle and Ujper Eocene consist of marine fossil
marine shells.
iferous sands called the Bagshot beds, with some leaf-bearing clay-beds.
Among the fossils occur some Nuinmulites, species that were abundant
farther south over Europe.
In northern France and Belgium there is a general resemblance in the
The
Eocene strata to those of the British part of the London-Paris basin.
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Lower are clay-beds, marlytes, and sand-beds, partly marine, but containing
The Middle Eocene in France consists
in some parts Plants and Mammals.
largely of a coarse limestone, the Calcaire grossier, partly glauconitie and

Nummulitic; and the Upper is a series of sand-beds, sandstones, and mans,
with some limestones, having at top a bed containing gypsum 100 to 160 feet
thick, containing in some layers nodules of opal-silica (nienilite).
In southern Europe the Eocene beds are largely Nuinmulitic limestones
of great thickness; and they range widely from southern France, the
to Asia Minor and
Pyrenees, and Spain, over much of the region, eastward
The Nummulitic beds are
beyond, indicating a pure sea of great extent.
In. the Alps they constitute the summits
3000 feet thick in southern France.

of the Dent du Midi, 10,531 feet, of Diablerets, 10,670 feet in elevation,
and of other heights. They occur in the Apennines and. the Carpathians.
made of Num
They extend into Egypt (where the Pyramids were in part
muhitic limestone); also through Algeria and Morocco, parts of Asia Minor,
Persia, Caucasus, India, the mountains of Afghanistan, the southern slopes
They
of the Himalayas, and to a height of 20,000 feet in middle Tibet.
occur also in Japan, on Luzon in the Philippine Islands, and in Java.
are found in the
Oligocene beds of alternate salt and fresh water origin
In the Paris basin, in France,
Isle of Wight and the Hampshire basin.
They include the Grès de Fontaine
they are largely of freshwater origin.
bleau in the Paris basin, and below, marlytes, with gypsum, affording remains
in
of Mammals at the quarries of Montmartre.
They have wide distribution
north Germany, and hold in the lower part beds of brown coal with remains
of plants.
In Switzerland they constitute the lower lacustrine part of the
The
sandstone formation called Molasse, having a thickness of 7000 feet.
beds called Flysch are at the hase of the Oligocene.
Miocene Tertiary beds are not recognized in England or in the Paris
basin, and are mostly confined to scattered areas which are only in part
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marine. The upper part of the Molasse, mostly marine, is Miocene. The
beds of (iEningeui, on Lake Constance, affording Insects in fine preservation,
along with leaves and some Mammals, Birds, and other species, are of the
Upper Miocetie. Among the noted (Eningen fossils is the Homo dlluvii testis
of Seheuchzer (1'TOO), shown by Cuvier to be an aquatic Salamander.

The Miocene has a thickness of 10,000 feet in northern Italy and the
It occurs also in Sicily and Malta.
Ligurian Alps, and extends southward.
The Marine Pliocene of Europe is mostly found along the sea border.
This is its position in eastern England, where it is called the Crag, in Bel
gium, and on the French Mediterranean coasts; but in Italy the beds spread
more widely along both sides of the Apennines, and in Sicily they have an
elevation in some places of 3000 feet.
LIFE.
PLANTS. -The higher plants were mainly Angiosperms, Conifers, and
Palms.
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The Isle of Sheppey is famous for its fossil fruits; and among them are
those of several species of Palm, related to the Nzpa of the Moluccus and
Philippine Tslancls, England in th Eocene having been a land of Palms.

In the Middle Eocene, in England, there were species of Fig, Cinnamon,
various Proteacec, etc., indicating a climate and flora much like that of India
and Australia. In the Tyrol, Eocene beds contain Palms; nearly a third
of the plants were Australian in character, and a fifth were allied to plants
of tropical America. The Oligocene contains, in its hignitic beds, species of
Taxites, Cupressin.ox/ion, Sequoia, and affords elsewhere leaves of Laurns,

Ciiwamonaum, .Maqnoiia, Sassafras, Quercus, with Palms of the genera Sabul,
Flabellaria, P1n.icites. In the Miocene, Palips were absent from England,
and the forests of Europe had lost their tropical character. It is remarkable
that a much larger proportion of species than now were of North American
type, showing that, while the Eocene. vegetation of Europe was largely Aus
tralian, the second or Miocene phase (including in part at least the Upper

Eocene of Lyell) was more like that of North America than now. In the
Pliocene, the Flora embraced the modern genera of Rose, Plum, Almond,
Myrtle, Acacia, Whortleberry. There were also species of the genera (now
unknown in Europe) of Taxoclium, Goniptonia, Liquidambar, Nissa, Robinia,
Gleditschia, Cassia, Rhus, .Juglans, (1eunothus, Ceiastrns, Liriodendron, indicat
Moreover, certain
ing that there was still a strong American character.
genera, as that of the Oak (Quereus), which have numerous species in
America, had many in Pliocene Europe, but have few now.
In Greenland, according to Heer, Eocene beds, named by him the Unartok
series, occur on the shores of Disco Island, containing species of Magnolia,
Laurus, Juqians, Quercus, Sequoia (S. Lan gsdoiffi) ; and Miocene beds of
the Atanekerdlulc series, that have afforded 187 species of plants, including
the same Sequoia, Gl!Iptost rob us Europa us, Taxodium thsticltum, Taxites
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Olriki, Onoclea sensibilis and species of Fagus, Platanus, Saiix.
Dawson
refers the former to the Laramie, and the latter to the Eocene (1888).
Spitz
bergen, in lat. 78° 56', has yielded many species, including two species of
Taxodiurn, and species of Hazel, Poplar, Alder, Beech, Plane Tree and Lime.
But it is now questioned whether part of the Miocene of Greenland is
not Eocene.

Out of 180 species from the Eocene beds of Haring, 55, according to Ettingshau.sen,
are Australian in type, 28 East Indian, 23 tropical American, 14 South African, 8 Pacific,
7 North American and Mexican, 6 West Indian, 5 South European. The resemblance to
Australia consists not merely in the number of related species, but in their character,
the small, oblong, leathery-leaved Proteaeee and Myrtacee, the delicately branching
Uasuarin, the Cypress-like species of Feenela and C'aflitris, etc. Only 11 species have
their representatives in warm temperate climates.
In the Miocene of Vienna, nearly a third are North American in type; but with these
there are some South American, East Indian, Australian, central Asiatic, and not a sixth
European. The species particularly related to those of North America (its warmer por
tion) belong to the genera Fagus, Quercus, Liquidambar, Laurus, Burnelia, Diospyros,
and Andromedites.
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ANIMALS. -No fossil Invertebrate or Vertebrate of the Cretaceous of
Great Britain is known from the Tertiary; and this is true also for Europe.
Invertebrates.-The shells of Rhizopods, Foraminifers, were as important
in rock-making during the Eocene Tertiary as during the Cre
1546.
taceous.
The species of greatest interest are the coin-shaped
.Nu,nrnulites which contributed largely to the constitution of
/

Eocene strata, as already stated.
A common species is here
represented, with the exterior of half of it removed, so as

to show the spiral ranges of cells that were formed by the
NummUlIte8 fluin. successive
budding of Rhizopods. There are but few Braehiowulariue.
pods known, and these are mostly of the groups of J4ingulids,
Discin ids, Terebrat ulid.s and Rh.ipicho n ellids.
The Mollusks were nearly all of modern genera. Some of the common
Eocene Gastropods are species of Oliva, Fusus, Voluta, Fasciolaria, C1onus,
Mitra, (Jerith ia ni, Tarritella, Ros(ellarii-i, Plea rotoma, '!,prea, .LY(It ica, &alaria.
England had six species of Eocene Nautilus.
Insects, and also Arachnids and Myriapods, have been obtained in great
numbers from the amber in the Lignitic portions of the Lower Oligocene

of northern Germany, near Königsherg.
Over 2000 species have been
collected from it.
They were caught in the resin while it was in its original
liquid state, and the most delicate parts are preserved in perfection. The
is a I'inus,
lignite was made chiefly from Conifers, and the common species
P. succinifer.
They show that forests of Conifers were a common feature,
of northern Europe. Insects occur also abundantly in the Middle TerLiary
of (Eningen, Radoboj, Parselilug, Auvergne, and in the R.henish Brown coal.
Vertebrates. -Among Fishes, T('leosts, or common Fishes, which began in
Ganoids were relatively few;
the Cretaceous, were profusely represented.
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and among them in the Eocene occurred species of Acpenser or Sluryeoi.
Teeth of Sharks are also common, and are like those of America in genera
and partly in species.
Among Reptiles, there were many true Crocodiles, - 18 or 20 species
having been described. Over 60 species of Tertiary Turtles are known; and
the shell of one Indian species from the Pliocene of the Siwalik Hills,
Testudo (Colossocheiys) Atlas, had a length of six feet.
A species of Snake, 20 feet long, Pukeophis typheus Owen, was discovered
in the Brackleshain beds of the Middle Eocene, and another species, 30 feet
long, in the Lower Eocene of Slieppey. Several species related to the com

mon Black Snake (Colubrid) occur in the Miocene.
Remains of a large number of Tertiary Birds have been found and
described. According to A. Miltie Edwards, the Miocene beds of the Depart
ment of Allier, in central France (between 4° and 47° in latitude), has
alone afforded To species; and many of these Miocene birds are of tropical
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character.
He thus speaks of them: Parrots and Trogons inhabited the
woods. Swallows built, in the fissures of the rock, nests in all probability
like those now found in certain parts of Asia and the Indian Archipelago.

A Secretary Bird, nearly a.llie 1 to that of the Cape of Good Hope, sought in
the plains the serpents and reptiles which at that time, as now, must have
furnished its nourishment.
Large Adjutants, Cranes, and Flamingoes, the
Pi,lu'iodi (birds of curious forms, partaking of the characters both of the

Flamingoes and of ordinary Gralku) with Ibises frequented the banks of
the watercourses, where the larvLe of Insects and Mollusks abounded ; Peli
cans floated in the midst of the lakes ; and, lastly, Sand-grouse and numerous
gallinaceous birds assisted in giving to this ornihologieal population a strange

physiognomy, which recalls to mind the descriptions that Livingstone has
given us of certain lakes of southern Africa.
The London Clay (Eocene) afforded Owen a bird, named by him Odontopter/x, having tooth-like dentations of the bony edge of the bill.
The Mammals of Europe were much like those of America in the charac.
teristics of the earliest known species and in the lines of succession. The
beds of the Lower Eocene of Europe, the Cernaysian, near Reims, and else.
where, in France, have afforded kinds of TJngulates, Creodonts, and Quad
Remains of species of
rumana, related to those of the Puerco group.
from
England, France, Germany, Russia,
Zeuglodon have been reported

The London Clay of the London basin, repre
and even from New Zealand.
senting the, Middle Eocene, has, like the WTasatcli, its species of Corphodon
and Hyracotherinin. genera first established by Owen from British species,
and also new Creoilonts ; and the Upper Eocene, including the Galcaire
qrossier of Paris, is like the Bridger group in its Ungulates, Creodonts,
and Quadrumana, the genera Lophiodon, Hyrachyus, being characteristic.
Further, the Uinta beds, or those of the closing Eocene, have equivalents in
the Gypsum beds of Montmartre of the Paris basin, the beds that afforded
These Parisian strata, the
Cuvier the earliest known of Tertiary Mammals.

924

HISTORICAL GEOLOGY.

Calcaire grossier, and the beds of the Montmartre Quarries are referred to
the upper section. of the Eocene in French geology; the latter is the Lower
Oligocene of other parts of Europe.
The same general facts are true with regard to the Mammals of the
Lower Miocene corresponding to the White River beds of America,
desig
nated Upper Oligocene in Germany, and to those of the later Miocene and.
Pliocene.

Among the species of the Upper Eocene, brought to new existence by
Ouvier from the beds in the vicinity of Paris, one of the most characteristic
is the Paleothere (named from 7raAadc, ancient, and Op, wild beast), related
to the Tapir in its elongated nose and
other respects.
The restoration by
Cuvier has a close resemblance to the
figure of the Tapir on page 905.

1546.

The

largest species of the genus,
Palcotherutm magnum Cuv., was of
the size of a horse, and a smaller,
P. curtum

j

sheep.
has the

7
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)

but a
/

Xiphodon gracills, as restored by Cuvier.

Cuv., not larger than a
The restoration by Cuvier

stout form of the Tapir;
skeleton, discovered in 1874,

species, has the
long neck and nearly the figure of a
With the Paleothere were
Llama.
referred

to

this

Tapir-like beasts of the genus Lophiodon, and others. Higher in the series were found the remains of Anoplo
theres and Xiphodons, Artiodaetyls related to the Ruminants in their feet,
but at the same time having some characters of the Hogs.
The Xiphodons
were of slender form (Fig. 1546).
The species were remarkable for having
the full number of teeth, 44, and the set of teeth as even in outline as in
Man, the eye-tooth having nothing of the elongation which is common in
brutes and is so striking a part of the armature of Hogs and Carnivores;
and hence the name Anoplothere, from vo7rAoc, unarmed, and Op. With the
Anoplotheres, there were also Hog-like Artiodactyls, species of Ghceropotamus
and of other genera. The fauna included also various Carnivores, Rodents,

Bats, and an Opossum. The Carnivores included a Wolf, Canis Par'iaiensis,
the Weasel-like Gynodon Parisiensis; and the Creodonts, the Dog-like Hy
nodon dasyuroides, etc.
In the Miocene occur the earliest of Mastodons, Elephants, and the still

stranger Elephant-like animal, the Dinothere, besides Paleotheres and other
Tapir-like beasts, new Carnivores, Monkeys, Deer, Antelopes, and the
first Edentates.
Fig. 1541 represents, much reduced, the skull of the Dinothere (Din otherium giganteum Kaup). The head carried a trunk, and two tusks, like
an Elephant; but the tusks were turned downward.

There is a mixturt
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of the characteristics of the Elephant, Hippopotamus, Tapir, and the marine
Mauatus (Dugong), in its skull; but its nearest relations are with the Elepliant or Mastodon. One fine skull was dug up
1547
at Eppelsheiin in Germany ; and the remains
have been found also in France, Switzerland, and
other parts of Europe, and also in Sind, India.
In the Miocene, Europe had its species of
Ant-eater, the Macrotlieriu in, which was an Un
gulate, related to the later Clialicotlieriam.
The Pliocene of Europe has afforded also
species of the Baleen Cetaceans (Whale-bone
Whales).
Species of the genus (Jetotheriuin
occur in the Pliocene of England and Belgium,

and also, according to Lydekker, in the Miocene
of Patagonia, along with Cetaceans of other

Dinotherium ggantoum (x ge).

genera.
All the Fishes, Reptiles, Birds, and Mammals of the Tertiary are extinct
species.
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Subdivisions and Characteristic Species.
Lower Eocene.-(1) CERNAYSIAN (= PuERco). -Beds at Reims and La Fere in the
adjoining departments of Marue and Aisne in northern France. At Cernay, near Reims,
occur the following Mammals:-MARSUPIAL: ?Teopiaqiaulax. CREODONT Arctocyon,
Hyodectes, Iieterobons. INSECTIVORE,: Adapi..orex. QIT A DIRTMANA Plesialapis, Proto
adapis. There are also the BIRDS, Gastornis Edwardsi, Eupterornis.
In overlying beds occur J1y(cnodictis, Procieerra, Plesiodapis, with Teredina
personata ; and some sand-beds afford Cyrena cuiiefirmis, Melania inyuinata, Cerithi inn
varui bile.
(2) SUESSONIAN of d'Orbigny (= Wasatch, the Landenian of Belgium). Includes
the Thanet sands of the London basin (Thanetian, of Lapparent). Also, (a) the mans
of Meudon, with (b) Liguitic clays, and (e) Plastic clay, but more marine in Belgium, to
which correspond the stages (a') ]fandunian, (h) Sparnacian, and (c) Ypresian. The
Paniselian beds of Dumont are part of the Yiresian.
In EN L.ND. - Thanet sands. - Pholadomya cuneata Sow., Cyprina ilforrisii Sow.,
Corbula ion qirostris 1)esh., 9caiaria Bowerbankii Morr.
Woolwich and Reading beds. - Cyrena cuneiformis Fer., U. tellinelia Fer., Melania
ing ninata 1) fr., Ostrea beliovacina Lain.
London Clay (Island of Sheppey, etc). _ATautilns centrails Sow., N imperialis Sow.,
Aturia ziezac Bronn, Beiosi'pia SP))U)idC(Z Blv., Voluta Wet/icrellil Sow., V. nodosa
Sow., Aporrhais Sowerbyi Niant., Cyrena cuneiormis, Cryptodon (Axinus) augniatus
Sow., Leda ainy1jdaloides Sow., Pinna affinis Sow.
VERTEBRATES of the London clay. - FishEs AND REPTILES Tetrapterus priscus Ag.,
Pristis bisulcatus Ag., Lamna elegans Ag., Pakophis tOiiaj)iCnS Owen. MAMMALS. MARSUPIAL: Dideiphis. UNGULATES: Lojmiodon, Mioiophu.s, .tlyracotheriuin, Coryphodon.
In France, at Meudon, Coryphodon, Palaonictis, Phenacodus, with Gastornis.
Middle and Upper Eocene. -PARISIAN (= the Bridger beds). (1) The Caicaire
grossier of Paris (Lutetian of Lapparent) ; with above, (2) the sands of Beauchanip,
France, etc.; Bagshot sands of the London Basin, and the Barton clay of the Hampshire
Basin, England (Bartonian).
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IN THE BAGSROT SANDS, ENGLAND. - Numniulites levigatus Lam., Cardita
pianicosta
Lam., Pleurotoma attenuata Sow., Turritella multisulcata Lam., Coitus (leperditus Brngt.,
Lucina serrata Sow. ; .1lfyliobatis Edward$i Dixon, Uarcharodou angustidens
Ag., Otodus
obliquus Ag., Gaieocerdo latidens Ag., Lamna elegans Ag. Reptiles, Paiwophis typhaus
Owen, Gavialis Dixoni Owen, Crocodilus Hastingsia3 Owen; Mammals, Dichodon
cuspi
datus Owen, Lophiodon minimus Cay., .Mlcrocherus erinaceus Wood,
Paioplotheriuin
annectens Owen.
Barton Series. - MiCra scabra Sow., Voluta ambiqua Lam., Typhis pungens Morr.,
Voluta athieta Sow., Terebeilum fusforine Lam., T. sopta Morn, Gardita suleata Morr.,
Grassateila sulcata Sow., Nummuiites variolarius Morr. (variety of .N radiatus
Sow.),
Chama squamosa Brand.
The CALCAIRE GROSSIER Contains many species of Fishes, and also of other tribes
identical with those of the Upper Eocene of England.
Oligocene. - LUDIAN (= Uinta beds). The Montmartre gypsiferous mans of Paris,
Bembridge and Headon beds of the Isle of Wight.
TONGRIAN (=White River beds;
Upper Oligocene, of Europe). Includes the Hempstead beds of the Isle of Wight, the
Fontainebleau sandstone, in France, clays with Cyrena convexa, near Tongern in
Belgium,
the Lower marine Molasse of Switzerland. The name Rupelian is given in
Belgium to
an upper portion of the beds; and Bolderian to still higher beds.
Headon Series.- Pianorbis enomphalus Sow., Helix labyrinthica Say, iVeritina concava Sow., Limncea caudata Edw., Uerith turn concavum Desli.; Lepidosteus; Reptiles,
Emys, Trionyx; Mammals, Paiceotherium minus Cay., Anoplotherium, Anthracotherium,
Dichodon, Dichob une, Spalacodo n, Hycenodo ii.
Bexnbridge Series (120 feet thick). - Cyrena sern(striata Desh., Paludina lenta Desh.,
P. orbicuiaris Voltz., Melania turritissima Forbes, Cerithiu,n ?nutab tie Lam., Ugrena
pulchra Morr., Buli,nus ellipticus Sow., Helix occiusa Edw., Pianorbis discus ldw.
MAMMALS: Pakeotherium magnum Cuv., P. medium Cuv., P. minus Cuv., P. minimum
Cay., P. curturn Cay., P. crassum Cuv., Anopiotherium commune Cuv., A. secundariurn
Cay., Dichobune cervinum Owen, Choropotamus Cuvieri Owen.
From the Montmartre gypsum beds of France, and equivalent beds, have been obtained
species of the genera Pakeotherium, Anoplotherium, Xiphodon (X. gracilis) ; the Carni
vores, Hycenodon (H. leptorhynchus Blv.), Cynodon Parisiensis Pomel, Bats, and
Opossum.
The Phosphorite beds of Quercy, referred to the Oligocene, have afforded Palceotherium, Anoplotherium, Xiphodon, Hycenodon, Cynodictis, Gebochcerus, along with Amphitragulus, Aceratheriurn, Necrolernur, and others.
Lapparent divides the Oligocene into the Tongrian and Aquitanian stages; and the
Tongnian into Sannoisian and SCam pia ii substages.
The Hempstead beds of England have afforded Corbula pisum, Cyrena sernistriata
Desh., Cerithium plicatum, C. eleqans, Rissoa Chastelii, Paludina lenta, Melania fasciata,
Al. costata Sow.; the Mammal, ilyopotaenus bovinus Owen.
Lower Miocene (= John Day Beds, Lower Miocene, in Germany, etc.).-Lacus
trine limestone of Beauce and Meulières de Montmorency, in France, and limestone of
Agenais in Aquitania, southwest France; Red Molasse, Lignitic Molasse in Switzerland.
1. MAYENC IAN (Langhian, Burdigalian). - Freshwater Molasse of Switzerland ; beds
at Mayence, Belgium.

2. HELvETIAN.-Marine Molasse of Switzerland, Faluns of Anjou with Ostrea crassissima, etc., of Touraine, in western France, Molasse of the Superga, Italy.
Upper Miocene. - 'roRTONLAN. - Mans with Helix Turonensis in western France;
ningen beds, Leitha limestone near Vienna, Blue mans of Tortone in Italy. Above

CENOZOIC TIME - TERTIARY.

927

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

the Tortonian, the stages Sarmatian and Pont 14n are recognized in Dauphini, Austria,
and Italy.
Some of the Miocene genera are Pilopithecus, Dryopithecus, of Quadrumanes;
Macharodus, Fells, Hyenarctos, !Iy(eua, Ganfs, Viverra, Mustela, of Carnivores; Mas
todon (M. ion1irostris, 31. tapirokles Cay., etc.), Elephas, Dinotheriunz; Rhinoceros,
Listiiodon, Sus, Anchitherin,n, Hipparion, Equns, Hippupolanus; Camelopardalis, Ante
lope, (Jerrus, of II t1miuuits ; Erinaceus, Talpa, of Insectivores; lialitherinin, Squalodon,
Physeter, Deiph in us.
The Tertiary Mammals of the Siwalik Hills, India, from beds now referred to the
Pliocene, include, besides Quadrumana, species of Hycrnarctos, Hyena, 3lachwrodns,
Felis, Canis, Mustela, Viverra; Elephas, Mastodon, Rhinoceros, Ilexaprotodon, Hippo
therium, Equ u, hippopotamus, Sus, Anoplotheriu m, Chalicotherium, Merycopotamus,
Cainelus, Camelopurdalis ; Sivatherium, Antilope, ilfoscli us, Cervus, Ovis, Bus; Dinothe
rium ; 1ltrfx ; Enhydriodon. The SivatiLerium was an elephantine Stag, having four
horns, allied to the Deer, but larger, being in some points between the Stags and l'achy
derius. It is supposed to have had the bulk of an Elephant, and greater height. Bos and
the related genera probably occur nowhere earlier than the Pliocene. There were also
Crocodiles of large size, and the great turtle Colossochelys Atlas.
In southern South America, the Santa Cruz beds, which are referred to the Miocene,
afford species of Edentates, Rodents, Marsupials, Nesodo n, Toxodon, Prototherium,
Prosquaiudon, -1rgyrocetus, Odontoceti, or Toothed Whales, and other species.
The following new Miocene species from East Siberia have been described and figured
'.V.
H. Dali Semele Stimpsoni, Siphonaria Peujiuw, Conus Okhotensis, Cerithiuni
by
cymatophorum, Diloma ruderata; and he has identified also Ostrea gigas Thunberg.
They occur in a bed in the northeastern angle of the Okhotsk Sea, on a small bay in the
Gulf of Penjinsk containing a layer of coal. They were brought from the region in 1855
by Wm. Stimpson, a member of the Ringgold and Rogers Exploring Expedition. The
fauna is related to that of the China and South Japan seas, and indicates, states Dal], a
nao
ii
f11t9 o'4l? .
tç'?r1
change downward of vr
Lower Pliocene. - MESSINIAN, the Zancletmn beds in Italy of Seguenza, and over the
Zanclean beds, along the Apennines, Plaisan clan of Seguenza.

Upper Pliocene.- ASTIAN.-Crag of Norwich, etc., Eastern England; Subapennine
In the Bed Crag, Fells pardoides Owen,
mans and sands of beds of Val d'Arno.
Mastodon Arvernensis Croizet & Jobert (a ugustidens Owen), Rhinoceros Schieiermacheri
Kaup (incisivus Cay.), Tapirus priscus KaUl) (Arvemnensis Croizet & Jobert), Cervus
In the Norwich Crag, Mastodon Arvemnensis, 31. longirostris, M.
anoceros Kaup.
Borsoni, Elephas meridwnalis, C'ervus Falconeri, C. rerticomnis.
Forest bed of Cronwr on the east coast of England, referred by many to the Lowest
Quaternary, includes, besides the Cave Bear, the Irish Deer; and several modern species,
as the Beaver, Wolf, Fox, Stag, Auroehs, Mole, Wild Boar, Horse; also the European
Pliocene species, Ursus Arrernensis, Cerrns Polif/nadus Robert, Hippopotamus moor Cuv.,
Rhinoceros Etruseus, II. eqarhinus, El'phas meridionails, E. antiquns, Equns Stenonis,
and without any remains of man. The Forest bed is made Pliocene in the Manuals of
Etheridge and H. B. Wcodward, but lower Glacial by Geikie and others.

The Pikermi Middle Pliocene beds in Greece contain out of 29 genera of Mammals,
18 that are found also in the Middle llioceue of the Siwaliks of India; there is the same
remarkable abundance of true Ruminants, and among them, as in the Siwaliks, several
there are at l'ikernii 15 Ruminants to 1 Pig and
species o &iraflida' and Antelope;
the
Siwaliks
37 Ruminants to 12 other Artiodactyl Ungulates
and
in
1 Ghalicothcrium,
(Oldham, Geol. of India).
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GENERAL OBSERVATIONS ON THE TERTIARY.
BIOLOGICAL CHANGES AND PROGRESS.
The precursors of the Tertiary Mammals. -No immediate precursors of
the Tertiary non-marsupial or placental Mammals, linking them to the
Marsupial, have yet been found in any part of the world, notwithstanding

the occurrence in many regions over America as well as the other conti
nents of a gradual passage from the Cretaceous formation into the Tertiary.
rililey are naturally supposed to have existed in the later Cretaceous over
the dry land of eastern and western America; but still it is strange that
they did not find resorts somewhere on the border of the Cretaceous seas
along with the Marsupials. The nearest approach in the Reptilian type to
the Mammalian yet known was made by the stupidest of the Dinosaurs,
which had a pair of Bovine horns and two-pronged teeth.
Early prototypic character. - Another strange fact is that although the
Marsupials of earlier time had become variously specialized, their placental
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successors should have had unspecialized or prototype characteristics, such as
have been described; that there should have been at this time so striking a
starting from what appears to be a new beginning. The removal of the
former mystery may also remove this.
Moreover, it is to be considered that
among the fossils of the Mesozoic Marsupials, remains of the limbs, or of any
parts of the skeleton excepting the jaws and teeth, are of very rare occurrence.
DIVERSITY OF EOCENE MAMMALS. -Another remarkable fact is that so
great a diversity of Mammals, diversity in structure as well as size, should

have appeared before the Eocene period had passed.
The prototypic plant
eaters and flesh-eaters of the earliest part, supposed to he plantigrade in feet,
were followed, even in the Wasatch division of the Lower Eocene, by species
of large, short-footed Ungulates, the Coryphodonts, and in the later Eocene
huge Dinocerata, the latter supplied with horns for attack and defense.
In the Eocene, also, the Tapir-like species advanced far toward the modern

genera, Tapirus and Rhinoceros. There also appeared various species with
paired toes, in the line of the Hogs, Hippopotamus, Camel, so that the type
of Artiodactyls, and the types of several of its principal subdivisions, were
established. There were also some prominent Eocene types of Rodents and

Further, the Quadrumana of the Early Eocene, having the
typical number of teeth, 44, were followed in the Later Eocene, by others,
in which the number of teeth was reduced to 32, the final limit in the
Insectivores.

Quadrumana, and that characterizing Man.
Moreover, there were several successions of Mammalian faunas in this
first period of the North American Tertiary, and the species in each of them

probably outnumbered those of Recent North America. The kinds found
fossil may have been a fourth of all then existing in the region, and
probably not more.
Loss of prototype characters. - Very early in the Eocene, prototype charac-
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ters began to disappear. The teeth had the typical number, 44, reduced; their
structure made more complex; and their characters varied otherwise through
use and adaptations to different purposes.
The feet had the number of digits reduced in most
but not in
U9ulates,
the Coryphodon line, or in the Carnivores, or the Quad rumana, or rarely in the
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Insectivores or Rodents.
Moreover. the feet lost the piaiiligrade tread in
the Herbivores, and Carnivores, but not in the Quadrumana, Insectivores,
or Rodents.
In most of the larger species the regularity in the
carpal and tarsal series
of the feet gave way to the oblique or alternating position of the bones
required for firmness in running.
Some 0 the cwies fcmm'oriny change. -The development of so great a
diversity of Eocene Vertebrate structures is the more remarkable in view of
the absence of all evidence as to any great physical or meteorological dis
turbance to require new adaptations. No change of climate is indicated
beyond what might have occasioned a feeble amount of migration. No evi
dence of disquiet in the earth's crust has been noted, excepting that relating
to the imperceptible geosynchinal movements over the areas of the Eocene
lakes attending the slow deposition of sediments.
The only sources of disquiet that can be appealed to as causes of bio
logical change. are bo1ogit-at sources proceeding from the appetites or needs
or impulses of the animals. Of these appetites the dominant one, the most
As
imperative, the only daily recurring one, was the demand for food.
half
of
the
Mammals lived on animal food, there was perpetual strife
nearly
between the stronger flesh-eaters and the weaker, and between all flesh-eaters
and other species. It would naturally have driven the weak kinds to holes,
or somewhere out of reach of their enemies, where pool' food, darkness, and

other privations, would have been unfavorable to high pi-ogress. The strife,
moreover, as writers on the derivation of species have illustrated, would
have promoted fleetness, cunning, devices for protection, and have favored
those changes in the Mammalian structures that would better fit or accom
modate the species to the new demands.
The evolution of the Horse through the necessity of running to escape
from enemies has often been set forth as an example of the effects, under

certain conditions, of such a cause. An animal of primitive Ungulate type,
having the third or middle toe the longest of the five, raising itself on its
toes for greater speed in running, and forcing itself forward naturally by its
longer toe, had this toe, as Eocene and Miocene time passed, with the bone
of the foot above it (the metatarsal and the inetacrpal) enlarged and

elongated, while the less-used toes either side dwindled till too short to reach
the ground; and finally, through these and other concurrent changes, there
was evolved, a long-legged one-toed animal-the Horse. It became tall and
long-legged, not only by elongating growth in certain bones, but also through
the functional appropriation by the leg of all of the foot
terminal hoofed joint.
DANA'S MANUAL -59

excepting the
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For the Artiodactyl, the theoretical history is the same, excepting that
two toes, the third and fourth, were concerned instead of one-the two
An early Ungulate rising on these two
acting together in dynamical unison.

toes in running in order to make thus its greatest speed, the toes and also
their metatarsals-and metacarpals became equally enlarged and alike elon
gated, while the less-used toes either side, the second and fifth, became a
shorter, weaker pair -as illustrated in the Hog; or, after further change,
the dominant pail' became still longer, while the shorter was reduced to a
rudimentary pair or to hoofs, or became wholly obsolete excepting meta
carpal and metatarsal splint bones, as in the fleeter Artiodactyls.
Further: the stroke of the foot demanded, for high speed and safety,
that there should be little or no rotation of the foot by a movement of the
bones of the lower leg, -that is, of the radius and ulna of the front pair and.
the tibia and fibula of the hind pair, - and consequently the ulna and fibula
became reduced sometimes to splint bones, or united by coössification sever
ally to the radius and tibia; and likewise, in the two-toed Artiodactyl, the
corresponding two metatarsals and metacarpals, having no movement between
them, became coössified into a "cannon bone."
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There is little that is hypothetical in the above statements, for the suc
cessional lines and the sutures of half-finished coössificatiou are fully illus
Modern surgery finds that bones at joints become
trated among the species.
coössi&ed by too long confinement in splints without a chance for movement.
The variety of four-toed Artiodactyls during the Tertiary was very large;

but at present they are confined to the few of the Suillines, or the Hog
The two-toed species, on the contrary,
family, and the Hippopotamus group.
or the Stags, Deer, Cattle, and the like, are most abundant in recent time.

The following considerations bear on the character of the changes that
Of the three divisions (1) the Plant
went forward among the Mammals.
eaters, (2) the Animal-eaters, (3) the Omnivores, the last-mentioned, - that
is, the Quadrumana or Monkeys, -must have early taken to the trees, as

This was an easy method of escaping enemies. Being
strong in their fore limbs, they had the trees and the ground, fruit and flesh,
For defense or attack they needed no abnormal growths,
within their range.
such as horns; and they have been from the first without them.
The Animal-eaters, in their development, would have divided according
Those forced to take the poorest and most abundant
to food and habits.

their habits indicate.

and easily got of animal food, the Insectivores, fossorial and skulking species,
the
degenerated, becoming small species, mostly remaining plantigrades,
teeth in some losing their differentiation, in others disappearing altogether.
Some of them found pro
The insects which they ate needed no chewing.
tection in the substitution of spines for fur (the Hedgehogs), and in the safe
but cowardly method of rolling into a ball with spines out in all directions.
The higher section of the Animal-eaters, or the Carnivores, living on the
best of animal food, and generally having to fight for it, and always on the
alert, having the fore limbs the stronger pair, and efficient as arms in secur-
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ing or holding food, and jaws armed with long canines, they, too, needed
no abnormal growths for defense or attack.
The larger Plant-eaters, who dared to face the Carnivores, at least when
escape was not easy, whose legs, while good for locomotion, were of no ser
vice for prehension or attack, 'ied themselves as battering-rams, with the
head as the striking end an the means also of tossing away or rending the
Under the necessities of their condition, the forehead and
daring enemy.
nose grew horns, and a pair of teeth became elongated into tusks. As the
legs, besides, were of no service for gathering food, the nose, as well as the
elongated canines, was sometimes made to serve for grubbing; and the nose
thus used became elongated, until the Tapir's nose could pull over a tree,
and the Elephant's serve as a long agile arm of great strength and wide

Such abnormal growths are characteristics of Herbivores
diversity of work.
alone.
The graceful Horse is one of the exceptions among herbivorous
locomotors, for it finds its chief means of attack in its hind legs, and of
escape in its fleetness.
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Great degeneration also took place among the Mammals; for before the
close of the Eocene there were Whales in the seas-the Zeuglodons. The
species is supposed, from its teeth and food, to be a degenerate flesh-eating
species, which, for escape, took to the water, where support from limbs
In this supporting element the body became enormously
is not needed.

enlarged and multiplicate in its vertebral column, like the Sea-Saurians,
the length being increased from four or five feet to 70 feet, and the size of the
dorsal vertebre to a diameter of a foot and a length of a foot and a half.
Its teeth remained few, 36; and the molars retained their two roots, but the
distinction between molars and premolars was lost.
Further: in the Miocene, as stated on page 912, Whales appeared of

greater degeneration along two or more lines: species appearing that were
multiplicate in teeth, and in the phalanges of some. of the digits of the fore
limbs, as well as in vertebrLe; others that had teeth only in one jaw and all
single-rooted; and still others that had no teeth, but only plates of whale
bone with juiravelled edges in a huge mouth to strain out small animals from
the sea-water for food.
It may be supposed that these aquatic animals became urosthenic, like
Fishes, because sculling with the whole posterior part of the body was their
best mode of progression; that the body became long and almost indefinite
n number of vertebre, to secure greater force in the sculling organ; that
the hind limbs disappeared because useless; and that, in one branch of the

tribe, the teeth began to disappear altogether when the smaller swarming life
of some parts of the ocean received into the mouth almost without effort,
It may also be presumed that the whale-bone
began to satisfy appetite.
plates, over 30 in number, either side of the middle line, grew downward
from the palate just as soon as they were needed; but the question, what

made them grow, remains, as in many like cases, unanswered. In the young
The results were much like
state these 'Whales have ruthmentary teeth.
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It was progress downward
those that had. before occurred in Reptiles.
almost indefinitely, but without loss of the essential characteristics of a
Mammal.

The above examples and explanations may serve to illustrate some of the
methods by which the modifications of species are supposed to have taken
place without the aid. of physical catastrophe.
The great diversity in the characters of Eocene Mammals, wrought out,
it is believed, in such quiet times, teach this plainly -that the first period
of the Tertiary was exceedingly long, whatever may be gathered to the
contrary from some persistent Cretaceous plants.

OROGENIC AND EPEIROGENIC MOVEMENTS.
In the opening of the Tertiary era geological history reaches the time
when, as mentioned under Dynimical Geology, besides the making of great
mountain ranges, nearly all the mountain chains of the world received
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additions of many thousands of feet to their heights and hundreds of thou
sands of square miles to their areas; and also when igneous eruptions took
place of -extraordinary extent.
1. Orogenic movements at the close of the Nnnuniilitic epoch of the Eocene.In Europe, the elevation of the Pyrenees, and of some other heights in
eastern Europe, occurred after the marine Numinulitic beds of the Eocene
had been deposited. The mean direction of the Pyrenees is about N. 800 W.
There are large flexures and steep slopes on the side toward France, but
less upturning arid gentler slopes toward Spain.
2. Orogenic movements at the close of the Miocene. -In North America
an upturning took place at this epoch along the coast region of California
and Oregon, tilting and, in some cases, flexing the Miocene, Eocene, and
Cretaceous formations, 5000 feet or more in thickness, as is proved by Mio
The earlier Jurassic
cene fossils in the upturned beds (J. D. Whitney).

strata are believed to have been earlier upturned and metamorphosed, being
of cotemporaneous origin with the Sierra Nevada.
At this epoch also the great upturning of the Alps and Juras occurred
It gave to the mountains the bold flexures
briefly described on page 367.
of the Mesozoic formations with the overlying Eocene and Miocene, which
The Apennines,
are a remarkable feature of many of the lofty summits.
at
according to Stefani, passed through a crisis of upturning and flexures
the close of the Nummulitic Eocene, like the Pyrenees, and also at the close
of the Miocene, with the Alps.
The Himalayas were, to a large extent, beneath the sea during the

Nummulitic epoch, and at least 20,000 feet lower than now (page 368).
Either directly after this epoch, or before the close of the Miocene, there
was an upturning and flexing of the Nummulitic and underlying Cretaceous
beds (down to the top of the Carboniferous) and the commencement of the
final elevation of the mountain chain.

According to the Geological Survey

CENOZOIC TIME - TERTIARY.

933

of India, the beds above the Nuininulitic formation at the top of the
upturned series are probably Miocene, as indicated by the plant beds, one
species, the Sabal major, ranging from Lower to Middle Miocene in Europe.
The Siwalik Tertiary beds (of the Sub-Himalayas), many thousand feet
thick, along the length of the Himalayas, which are Pliocene with probably

Upper Miocene at top, rest on the inferior Mesozoic and Paleozoic rocks
This steep "fault
along what appears to be an enormous fault-plane.
plane." as shown by .Medlicott, is really an original limit of deposition, in
part almost cliff-like, to the north of which the Siwalik beds never extended.
These beds are, therefore, not included in the disturbed region.
There
to
be
doubt remaining whether the epoch of upturning followed the
appears
close of the Nulnn1ulitic Eocene or that of the Miocene.
The mountain chains to the north of the Himalayas for 22° of latitude
are nearly parallel to it, and this has led to the suggestion that all this great
region in Asia was involved in one system of orogenic movements.
Epeirogenic movements during the Tertiary era. -Through the Tertiary,
changes of level went slowly forward by geanticlinal bendings of the earth's
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crust and slippings along old or new fracture planes, giving great altitude to
vast continental areas, and especially those within 800 miles of the sea
border, and affecting all the continents alike with the same stupendous results.

The continuing of the movements through all Tertiary time, and also beyond
it, during part of the Quaternary, teaches that they were extremely slow in
general progress; yet sudden slips of scores and hundreds of feet were
probably among the events.
In the Rocky Mountain region the change was slight during the Eocene,

and yet it was sufficient to modify the outlines and positions of the Eocene
lakes.
With the close of this period, the land was so far raised that the
Eocene lakes were drained; but the elevation attained was so small, as
Hayden first remarked, that vast Miocene lakes covered a large part of what

now constitutes the eastern slopes of the mountains, and continued into the
Pliocene. The long continuance of the lakes indicates not only slowness of
emergence, but also that the movements were interrupted through long
intervals.
The western margin of the Nebraska lacqstriue beds is 3500 feet
above the level of the eastern, the former having a height of about 6000 feet

and the latter of 2000 feet. This is proof that the elevation of the moun
tains went on through the Pliocene, for the rise to the westward could not
have made much progress in the Miocene without drying up the lake.
The height which the Rocky Mountains had reached by this change of
level is not ascertained. This much is known: (1) that the Cretaceous areas

were originally at or near the sea level ; and (2) that within the area of the
United States the present height of the upper beds is now, in part, 13,000
feet.
Moreover, the correspoiiding height in central Mexico is 10,000 feet,
and in British America, toward the Arctic seas, 4000 feet.

During the progress of these changes over western North America there
were also, according to Gilbert, Powell, LeConte, and others, faults along
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fracture-planes thousands of feet in displacement in the mountain ranges of
the Great Basin, the High Plateaus of Utah, the Wasateh Mountains, and
the Sierra Nevada.

Through a study of the river systems of the Sierra Nevada, it has been
proved by LeConte (1886) that a great elevation of the Sierra took place at
or near the close of the Pliocene. The drainage of the Sierra is chiefly to
the westward, the eastern front being very steep.
Whitney describes in his
Report (1865) the facts respecting an early system of valleys having been
covered up and obliterated by basaltic eruptions, and the new and much
He illustrates also, by a
deeper system of subsequent time (page 300).
plate in his work on the Auriferous Gravels (1880), the difference in the
depth of erosion of the two systems, the earlier that occupied all Cretaceous

and Tertiary time, and the later, of subsequent time after the eruptions.
In view of these and related facts, LeConte urges that the deeper erosion
by the existing streams, although their time of work was short compared
with that of the earlier system which existed through the Cretaceous and

Tertiary, proves that a great elevation of the Sierra Nevada, increasing the
fluvial denuding power, took place soon after the Pliocene; and that this
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was

accomplished by a rise along a fault-plane having the course of the
It is to be remarked that the Glacial period
steep eastern front of the range.
followed, the Pliocene; and its glaciers and abundant precipitation would
account for part of the profound denudation of the later rivers. But this
fact does not invalidate seriously the conclusions. It is sustained through
additional facts by other geologists, including Lindgren and Diler.

The eastern border of the continent underwent only small changes.
At
the close of the Eocene some modification of the surface occurred within the
Mexican Gulf which put an end to the deposition of true marine beds along
its northern beds west of Florida.
The only Miocene beds recognized are of
fresh-water or brackish-water origin.
With the close of the Tertiary, and
probably before the Pliocene had fully passed, elevatory movements occurred
which raised the Tertiary of the Atlantic border about 100 feet, and that of
the Gulf border not much more, except along a region in Georgia, and the
border of Alabama in a line with the Peninsula of Florida, where the height
is 300 to 400 feet above sea level.
A Florida axis of elevation is indicated
On Long Island, Martha's Vineyard, and other islands south of New
England, occur upturned beds of the Cretaceous or Cretaceous and Tertiary,
indicating orogenic movements before the Quaternary. See further, page 1021.
by it.

The elevation of the Atlantic border may have been part of a greater
change which affected also the whole of the Appalachian region; but no posi
tive evidence of this is yet obtained.
What was the total gain in mass through the great Tertiary elevation of

the North American continent ? On this point little is known with regard
to its eastern half, but the western affords available facts.
With the opening of the Tertiary the larger ptrt of the western half of the

United States was atthe water's level from the eastern foot of the Sierra Nevada
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near the meridian of 1200 to the meridian of 9°, or through a breadth of 23°,
or nearly 1500 miles. The higher emerged Pets of the Rocky Mountain
region were perhaps 4000 or 51 100 feet out of water ; the Sierra Nevada, 3001)
to .1004) feet.
Many peaks have Cretaceous rocks at a high level ; one, Slaty
Peak, in Colorado, at 13,000 feet, and this is suppused to have lost 3000 feet of

Upper Cretaceous by denudation. The floor of the Great Basin was probably
at a height of 1000 feet and less, and its ridges 21)01) to 4000 above sea level.
Almost all the rest of the surface was near the sea level or below it. The
yeunlicliiEe added at least 13,4)00 to the height of the summit. region; of cen
tral
chraska. 3000 feet (taking only present altitudes), and of western, 5000
to 60111) feet; of Colorado, east of the Front Range, (3000 to '00() feet; of
central Mexico, at least 1I),00() feet ; of the Sierra Nevada. 10.000, a third of
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it probably through the general geosyiiclinal movement, and the rest through
one or inure faults ; and so on. The average elevation of western North
America was certainly tripled. This would make the increase of mass at
least 10 tunes. But, as a large part was a total gain, since it rose from the
sea level, the amount probably iuueh exceeded this ; 12 or 15 times may be
nearer the fact. Supposing no addition in the eastern half except that of
the Cretaceous and Tertiary sea border, the gain in mass for the whole con

tinent. would be over six times.
It is to be admitted that the present elevation cannot in any region be a
It is safe
correct measure of the aetual height at the close of the Tertiary.
to say only that it is the final elevation after denudation and such Quater
The mean height may be
nary oscillations as may have since ot'urred.
much less now than it was at the close of the Tertiary.
III South America, the region of the Andes through the length of the con
tinent underwent at the same time an elevation of many thousands of feet.
In Ecuador. the Upper Cretaceous forums most of the peaks of the eastern
Andes. and has a height in some of the ridges of 6000 meters (19,686 feet)
in Peru. northeast of Lima in 11,1* S., near the Pass of Antarauga, a height
of 4803 meter. (15,754 feet) ; in the Province of Hmnunaehut'o, 2000 to
5001) meters ; in 12° S., between l'achachaea and Jauja, time Gault, at 5000
meters (16.405 feet).

In Haiti, according to Oabb, the Miocene has an elevation of 200 to 2000 feet; and
a sea-border of limestone, a height of 170 feet and less. In Jamaica there are 2000 feet or
more of white limestone, and the reek covers six sevenths of the area of the island. A
the thick white limestones of Jamaica
yellow limestone below on Jamaica is 'Miocene ; and
are
as
well
as
of
Cuba
probably of Tertiary origin, if not partly of
and Santo Domingo

Quaternary.
)n the Barbados, there is an oceanic deposit consisting of a score or two of feet of
eakareous earthy material, largely made of Globigerime, overlaid in some places by tOO to
130 feet of siliceous Radiolarian earth, and above this other cakareous and pumiccous
beds, with red clays 100 feet or more; and these beds underlie the elevated coral-reef
rock of the island from the seashore to a height of 804) to 000 feet. They are regarded
and as evidence of a
by ,Jukes-Browne and Harrison (1891, 1802) as probably Pliocene,
as
now afford similar
or
to
such
depths
Pliocene subsidence of 2000 to 3000 fathoms,
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Radiolarian earths. The Barbados are outside of the outermost range of islands; and
whatever changes of level they have experienced may not have affected the Caribbean Sea.
At present the bottom of this sea is made of Globigerina and not of Radiolarian earth.
Radiolarian deposits occur also on Haiti, Jamaica, and Cuba; but they have less extent
and are less decisive as to change of level.
Whether the following changes of level were epeirogenic or not is undecided.
Over Europe and Asia the same elevation of the land over extensive areas
was in progress, especially during the Pliocene.
Europe was much changed
in elevation c.otemportneously with the disturbance in the Alps; and "by
the close of the Pliocene all its main features had come into existence." The
Alps were carried. up probably 12,000 feet or more, and the Pyrenees over
10,000 feet.

The Himalayan chain, a region of upturning at the close of the Miocene
(if not before, at the close of the marine, Nummulitic epoch), when 0,OO()
feet lower than now, began afterward. or simultaneously, its slow emergence
and attained its present level according to Blanford by the end of the Pliocene
or in the early Quaternary. rjhe Tertiary beds of the Sub-Himalayas, or the
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Siwalik Hills, which are chiefly freshwater Pliocene and contain the remains
of the Fauna Antiqua &valensis, were laid down during the progress of the
During all this Himalayan elevation, peninsular India underwent
uplift.

little change.
Blanford derives additional evidence as to the remoteness of the time
Out of 43 species
of the uplift, from the existing Mammalian fauna of Tibet.
of Mammals in Tibet, pertaining to 26 genera, 27 species and 4 genera are

16 species of Rodents, only one is not
the elevation
purely Tibetan. The various facts accord with the view that
of the Himalaya Range commenced early in the Tertiary.

not known out of Tibet.

Out of

was.
During the early Eocene, as well as the Cretaceous perio1 the British Channel
a
range
crossed by an Interior basin, perhaps having, as Jukes-Browne suggests (l89),
Miocene,
on
the
But
in
the
to
Cornwall.
western
of land over the
part, uniting Brittany
become
land
basin
had
dry
same authority, even the area of the Eocene Anqlo-Parisian
northwest
to
southeast,
from
formed
the
Channel
the
Pliocene,
were
and in
crossing
ridges
Artois,
the
axis
of
to
as the Weald. Axis, the Portsdown, the Purbeck corresponding
which
a
Bresle, and Bray to the south. Only in the Middle Quaternary, after a phase in
Province of
passage extended across from below Dover and Brighton on the north to the
Calais in France, did the Channel secure its place through a general subsidence.
"Thus, throughout the Tertiary era, the continents of Europe and Asia,
as well as America, were making progress in their bolder surface features,,
as well as in the extent of dry land. The evidence is sufficient to show that,
wnen the period ended, the continents had in general their mountains raised.
to their full height." The evidence is stronger now than it was, more than
30 years since, wher those words were written.
- the " Coral Island subGeosynclinal movements over the oceanic basin
sidence." -That there were profound geosynclines over time oceanic basins.
is put beyond question by
during the later Tertiary and early Quaternary
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the fact of the great continental elevations of the same time. The Coral
Island subsidence, announced by Darwin in 1839, recognized such geosynelines;
and they were long since set forth by Dana as the counterpart of the conti
nental movements. The subsidence is thus a real event in geological history;
and if marvelous, equally so is that of the world's so recent elevations.
Gondwthia-Land," connecting India with southern Africa (page 737),
continued to exist, according to Oldham (1894), from the Carboniferous

period throughout Mesozoic. time, and "sank beneath the sea in the Tertiary
era," leaving some volcanic and coral islands in its course, including to the
northward the sunken atoll of the Chagos bank. The extension of ' Gond
wc,na-Land" over the Indian Ocean is not here in view, because it is not
believed to have ever been a fact.
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A paper by Haddon, Sollas, and Cole (R. Irish Acad., 1894), after men
tioning the observation of Jukes that the eastern mountain range of Aus
tralia, extending for 35° of latitude from Tasmania to the northern cape,
Cape York, is continued in islands across Torres Strait to New Guinea, and
describing the straits and the lands beyond, concludes that this southern
continent lost its border lands of New Zealand, New Caledonia, and New
Guinea and the intermediate islands "possibly during the great Alpine and
Himalayan revolutions of the Tertiary period.
Igneous eruptions (lunng the Tertiary.-An eruptive period in the
earth's history commenced in the Later Cretaceous (page 875) and passed

its maximum in the course of the Miocene.
Eruptions through fissures cov
ered vast areas of the Pacific slope with igneous rocks, and volcanic erup
tions made great volcanic cones, which added largely to the outflows and
The eruptions continue.(] through the Pliocene, and some of the
ejections.
The loftiest of the volcanoes are situated along
cones are not yet extinct.
the Coast region, from Washington to northern California, the heights vary
ing from 10,400 to 14,500; and those farther south along a belt through
Mexico-the highest three, Orizaha 18,200 feet, Popocatapeti 17,500 feet,
and Ixtaccituatl 16,7170-are probably of like Miocene origin.
Some of the regions of fissure eruptions have been already described.
South of Lassen's Peak, in northern California, the southernmost of the
cones of the Pacific border, the region of the Sierra Nevada had its outflows
of broad streams of basalt from fissures which were later cut up into Table
Mountains; and similar floods occurred over Nevada, New Mexico, and
Arizona.
The higher western slopes and summit region of the Rocky Mountains
The Yellowstone National Park and its vicinity was
also had their cones.
one of the volcanic centers. Electric Peak and Sepulchre Mountain are two
denuded cones in the Park, as described by Iddings; Emigrant Peak, on the
Yellowstone, 16 miles north of the boundary, is another, where dacyte and
rocks; Haystack Mountain, 12 miles
quartzose porphyry are the igneous
north of the east corner of the Park, is another, its cone consisting of gabbro
and dioryte; and another stands just east of the east corner of the Park,
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which is like the last in its rocks.

Iddings refers these cones to the early
He states that after a long period of eruption of acidic audesytes,
Tertiary.
basic audesytes and basalts were ejected; and after these had been much
denuded, the great outflow of rhyolyte took place, forming the Park plateau;
and that finally the basalt was poured forth that extends widely over the
Snake River plains in Idaho.
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Igneous eruptions occurred through all the successive, geological ages.
But at no time in American history since the Archan, have they approached
in extent those of the Later Cretaceous and
It was a time
Tertiary periods.
of pouring from fissures and of the birth of volcanoes, as never before.
It is not yet certain that a volcano ever existed on the continent of North America
before the Cretaceous period; for the published facts relating to supposed or alleged
volcanic eruptions in the course of the Paleozoic ages are as well explained 011 the suppo
sition of outflows from fissures and tufa ejections under submarine conditions; and none
of the accounts present evidence of the former existence of a volcanic colic, that is, of
an elevation pericentric in structure made by igneous ejections. Such cones in the
tropical Pacific are now encircled by coral reefs as well as beds of detritus, and are thus
in process of burial; and so they might have been buried by limestone and other strata, if
an actual fact in Paleozoic North America.
During the Archean, to its end, igneous ejections were on a vast scale. Even after
the cooling had so far advanced that the sedimentary series in progress of deposition
attained a thickness of many thousands of feet before a crisis of upturning and meta
morphism occurred, the heat from below, which was added to the heat of a dynamical
source to produce the metamorphism, was so far the greater of the two that fusion of the
lower beds would have generally taken place; and, as a consequence, great effusions of
the melted rock through the overlying and much broken metamorphic beds, should have
occurred in true bathylithic style, as the facts attest. But there is no evidence that they
ever made Archan volcanic cones. Arcliian conditions gradually declined as Paleozoic
time was passing, and so also did the power of making bathyliths. Later came the
power, not merely of eruption through fissures, which has always existed, but also that
of producing lofty volcanic cones.
The volcanoes also of the Andes are supposed to be chiefly of Tertiary
origin. In Europe "the grandest volcanic phenomena were those of Oligo
cene (Lower Miocene) times, to this date belonging the basaits of Antrim,
Mull, Skye, the Faroe Islands, and the older series of volcanic rocks in
Ireland" (Geikie).
The volcanic eruptions of Auvergne, the Eifel, and of
Asia, if
Italy, Bohemia, and Hungary are referred mostly to the Tertiary.
the ranges of islands off its eastern and southern coasts are excluded, is
But the outflow of the Decean trap in
peculiarly free from volcanoes.
peninsular India, 200,000 square miles in area, was an event of the early
Tertiary, and has been supposed to have occurred when the rising of the
Himalayas began.
The concurrence during the era from the Later Cretaceous to the close of
the Tertiary of the most extensive orogenic work in the world's history, of
the chief part of its continental elevation, and unprecedented igneous erup
tions, came when the earth's crust had reached a cooled condition that took
all past time up to the present era for its production.

The inquiry thence
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arises whether these events are not in some way a consequence of the con
dition of the crust then for the first time reached. The conclusion has been
before stated; it is here announced in its place in geological history.
CLIMATE.
The climate of the United States, even the northern, during the early
Tertiary, was at least warm-temperate. as indicated by the fossil plants.
There is evidence, as Asa Gray has remarked (1S9, 1872), from the dis
tribution of Tertiary plants in the Arctic, made known by Heer and others,
and, their relation to similar kinds in the eastern United States and in Asia,
that the northern parts of the continents of America, Asia, and Europe were,

during that age, under a nearly common forest vegetation, with a compara
tively moderate climate. The genus Sequoia, of California, has its species
(as Fleer has shown) in the Eocene. of Greenland, Arctic. America, Iceland,
Spitzbergen, northern Europe; and one Greenland species is very near the
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great Californian S. giqantea; and these were successors to Arctic Cretaceous
species. There were two species of Libocedrus in the Spitzbergen Miocene
(Fleer) ; and one (L. decurrens Heer) now lives with the Redwoods of Cali
fornia, while the other occurs in the Andes of Chile.
Gray adds that the
common Ta.rodium, or Cypress, of the Southern States, occurs fossil in the
Miocene of Spitzbergen, Greenland, and Alaska as well as Europe, and also,
according to Lesquereux, in the Rocky Mountain Miocene. Time Arctic
Miocene is now made by Dawson and others probably Eocene in age.
Europe evidently passed through a series of changes in its climate, from

tropical to temperate. According to Von Ettingshausen, the Eocene flora of
the Tyrol indicates a mean temperature between 74° and 81° F.; and the
species are largely Australian in character. The numerous Palms in England,
at the same period, indicate a climate but little cooler.
The Miocene flora of the vicinity of Vienna the same author pronounces
to be subtropical, or to correspond to a temperature between 68° and 79° F.

Farther north in Europe,
it most resembles that of subtropical America.
climate
the flora indicates the warm-temperate
characterizing the North
American Tertiary; and it is also prominently North American in its types.
In the Pliocene, the climate was cooler still, and approximated to that of

the existing world.
The North American feature of the Miocene forests of Europe was proba
bly owing to migration from America through the Arctic regions, and not
from Europe; for a number of the European species, as shown by Lesque
reux existed already in the American Laramie and Eocene. The Australian
feature also may have been a result of migration, but from the opposite

direction. The Indian Ocean currents favor migration northward, along the
borders of Asia, and not that in the opposite direction.
What was the temperature of North America and the other continents
at the close of the Tertiary, as a consequence of the addition of thousands of

feet, and in some regions, of tens of thousands, to the height of the land, is
to be learned from the events of the following era, the Quaternary.
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QUATERNARY ERA, OR ERA OF MAN.
Hitherto, along the ages, to the close of the Tertiary period, the conti
nent of North America had been extending its foundations and
dry land
southward to the Gulf, southeastward to the Atlantic, and southwestward to
the Pacific, chiefly through marine depositions.
The scene of prominent
action now changes.
The Quaternary phenomena are mainly those that
pertain to the continental surface; and this general fact is true for all the
continents, north and south. rrliI.ouh the making of the great mountain
ranges in the era just passed, and the raising of them to icy altitudes, and
by the growth of the continents to their full limits, the water-power of the
world had been vastly increased, and this was the chief working agency.
Rivers had become of continental extent, and glaciers had gathered about
the loftier mountains.
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These agencies, so eminently characteristic of the
new era, were the means of finishing off the earth's physical arrangements.
The Quaternary era opens with a glacial period.
"The existence at this
time of an epoch of unusual cold was a natural sequence to the vast amount
of elevation and mountain-making that had been going on in the Tertiary
over all the continents; for this upward movement would necessarily have
resulted in increasingly cold climates over the earth."
(D., 1881.)
The following are the periods of the Quaternary: 3.
2.

1.

RECENT PERIOD. - A moderate elevation of the land where depressed in
the preceding period.
Mammals of existing species.
CHAMPLAIN PERIOD. -Depression of lands that were glaciated in the
Glacial period; amelioration of climates; final disappearance of the

ice; great river floods and lakes, and fluvial and lacustrine deposits.
Mammals of the warm. temperate zone over parts of the previously
glaciated regions, their species largely extinct.

GLACIAL PERIOD. -Increased elevation of the land over wide regions in
higher latitudes; climate in these latitudes of low temperature and
abundant precipitation, and consequently, the production of glaciers,
and, a wide-spread glaciation of the frigid lands, with the exclusion of
all life except that of icy regions.

The Glacial and Champlain periods were united by Lyell, in his later
works, under the general name of the PLEISTOCENE; and thus the Quaternary
era-or the Post-Tertiary, as he named it-was divided into the PLEIsT0sense.

and RECENT periods.

The term 'Pleistocene is used beyond in this

Lyell used the term Post- Tertiary for the formations subsequent to the Tertiary, and
through many editions of his works divided it into Post-Pliocene and Recent. In the first
edition of his Principles of Geology, published in l83O-.l, the Tertiary was followed
simply by the division Recent ; and the subjects of the Drift and Cave animals were
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included under his second division of the Pliocene, called Newer Pliocene. In 1839, he
proposed to substitute Pleistocene for Newer Pliocene, as a fourth division of the Tertiary,
characterized by having about 05 per cent of the shells those of living species -a larger
proportion, as the name implies, than in the earlier part of the Pliocene. But the new
name, as he states, was used by E. Forbes in 1846 and others for the Post-Pliocene instead
of the. Newer Pliocene, and he withdrew it. The perverted use of the term was partly
owing to his retaining Glacial and related topics under the Newer Pliocene -,,in arrange
ment which was continued into the 5th edition of his Man nal of Elementary Geolvigy,
published in 1855. This was later changed. But in the 4th edition of the Antiquity of
Man (1873) Pleistocene was finally adopted as a substitute for Post-Pliocene.
The term Quaternary was used by Rboul, of France, in his work La Géoloi,ie de la
.P rwde Q natern aire, Svo., 1833.
The division of the Post-Tertiary or Quaternary into the three periods mentioned
above was presented by the Author in his address on " American Geological history"
before the American Association, iii August, 1855. (Amer. Jour. Sc., xxii., 305, 1850.)
The names for these subdivisions then proposed were the (.laewl, an epoch of elevation
the Laurentian, an epoch of depression ; and the 7rrac#, an epoch of moderate elevation.
In the first edition of this Geology (1803), the terms adopted were Glacial, Champlain,
and Terrace.
The two earlier periods, the Glacial and Champlain, have their more
prominent characteristics displayed almost solely over high-latitude regions.
They are not represented in tropical latitudes, or in warm temperate
latitudes south of the parallel of
except locally about regions of lofty
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mountains.

Moreover, deposits, like those of the Champlain period, were
forming through the Glacial period along the southern border of the ice
sheet, owing to the melting that was going on, and the streams that were
thereby made, especially in the summers, and still more largely during
Further, the Mammals of
temporary relaxations of the extreme cold.
temperate climates that spread northward over the, previously glaciated

area when the Champlain period opened, probably were all in existence
during the middle and later parts of the Glacial period, after the epoch of
extremest cold and maximum extension of the ice had passed, if not earlier.
Glacial and Champlain phenomena were thus coteniporaneous. Nevertheless
the periods stand well apart in the great epeirogenic movement, or change
of level, that separates them, and in the continuation of Champlain con
ditions long after the ice had disappeared.

Review if modern Glacial phenomena. -The general phenomena and laws of Glacial
Geology have been stated on pages 3-5O, and illustrated in part by facts from an existing
continental glacier-that of Greenland. As there explained, the glacier moves over hills
and ridges, up slopes as well as down, the pitch of its upper surface determining its direc
tion and rate of movement. It is greatly aided in excavating work by subglacial streams,
that are far more effectual workers than ice ; which streams in Greenland, according
to H. Rink, probably branch widely over the country, like a regular river-system, and
have at times great volume. It gathers stones, gravel, and sand, for transportation, as
well as large rock-masses. It abrades, through the stones at bottom, rocky surfaces
passed over, and corrades the transported material, making rock-flour, sand, gravel, and
smoothed or scratched stones out of the debris taken aboard; and it may convert the
finer material into clay. It deposits rock-flour and other debris from subglacial streams
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before and after escape from the ice-sheet, and makes clay-beds, sand-beds, moraines,
drumlins, eskers.
It makes glacier dams, producing thereby large lake-basins,
by piling up the ice in
narrow gorges, or by pressure against the sides of valleys, and thus
crossing and so
closing open valleys; and small lakes, liable to frequent discharges (page 238), by pressure
of the ice against the side of the valley ; and, in times of
melting and dissolution, it may
build ice-dams in narrows along river channels out of blocks of
floating ice and ac
companying glacier debris or drift, converting rivers into lakes.
Further, the glacier,
wherever it flows, usually leaves its tracks in scratched, grooved, or
planed surfaces, upon
the rocks passed over; in scratched stones distributed through the drift material
; in
large scattered bowlders that are traceable to a source in a direction opposite to that
of the movement; and also in its moraines and other drift accumulations. In the use of
glacial scratches to determine the direction of movement of the ice-mass, it is always
to be noted that the direction is quite sure to be diverted from that of the
general ice
mass by valleys, or valley-like depressions in the surface beneath the glacier when
they
are oblique to that course, even if the depression be small ; and that a knoll or low
ledge
of rock may have some divergent effect. Only scratches on high land, without such
sources of error, are to be trusted. Moreover, with regard to traveled material or drift,
the question is always to be asked whether water or
floating ice may not have been the
transporting agent.
A glacier period in geological history was first, recognized in IS$7 by Louis Agassiz,
before the Helvetic Society of Natural History, and in 184() announced at the meeting of
the British Association. Agassiz visited Scotland to verify his theory. He says in a
letter to Professor .Jamieson (1840) : "I had scarcely arrived in Glasgow when I found
remote traces of glaciers; and the nearer I approached the high mountain chains, the
more distinct these became, until, at the foot of Ben Nevis and in the principal valleys,
I discovered the most distinct m.oraines and polished rocky surfaces, just as in the valleys
of the Swiss Alps." On Nov. 4, 1840, lie brought the subject before the Geological
Society of London. His theory of the drift was for awhile opposed by advocates of the
Iceberg theory, but it now has general acceptance.
The earlier systematic observations on the drift in North America were made between
1832 and 1842 by E. Flitchcock, W. W. Mather, C. Whittlesey, James Hall, and others.
Mather devotes many pages to the subject in his New York quarto report (1842), and
states that he had gathered facts personally from New England to the meridian of 970 W.,
"traveling over 100,000 miles." His descriptions of Long Island drift, and that of the
Coteau des Prairies and of many regions between, though he was not then a glacialist, are
excellent; and they are supplemented with results from other sources, and a long table
giving the courses of glacial scratches over different parts of the country.
Among the later investigators, over the Eastern and Central States, there are C. H.
Hitchcock, whose work has been mainly in New England, and has been published in the
Geological Reports of Vermont and New Hampshire, and elsewhere; T. C. Chamberlin,
whose papers have appeared in the Reports of the Wisconsin Geological Survey, those of
the U. S. Geological Survey, and in other places; Warren Upham, who, after work in
New England, has served as one of the geologists in the survey of Minnesota, and tem
porarily also in the Canadian Survey, and in each has extended his studies to the Winni
peg region in British America; F. Leverett, II. D. Salisbury, J. S. NewbelTy, G. K. Gillwrt,
W. J. McGee, J. C. Branner, Carvill Lewis, G. F. Wright, and others. The author's pub
lications on American Glacial history range from 1850 to 1893, and those giving the results
of special investigations, from 1870, onward.
For the Rocky Mountains and the Pacific Slope within the United States, the most
S.
important publications are those of J. D. Whitney, Clarence King, I. C. Russell, J.
Newberry, and J. LeConte; and for British America, those of Dawson, G. M. Dawson,.
R. Bell, R. G. McConnell, J. B. Tyrrell, and It. Chalmers.
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PERIOD.

AMERICAN.
Three subdivisions or epochs, of the Glacial period, are
(1) the EARLY GLACIAL Epocir, or that of the Advance of
its maximum extension; (2) the MIDDLE GLACIAL EPOCH, or
First Retreat of the ice; (3) the LATER GLACIAL EPOCH, or
Final Retreat.
1.

recognized:
the lee and
that of the
that of the

Epoch of the Advance.

General Condition of the Continent dirinq the Advance.
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Topographical and fluvial conditions. - The continent, when the lee age
began, had its high mountains and full-grown rivers. The elevating of the
continental surface that was begun in the Tertiary had covered the laud
with running waters, and the new and vigorous streams made erosion their

first work. The older streams, also, that had reached a level of no work,
received new energy and were set to work deepening their channels, leaving
the old flood grounds as terraces to mark progress. The time was especially
favorable for pre-glacial erosion.
In addition to this growth of rivers,
forests took rapid possession of the continent, and faunas and floras greatly
widened their range.
As the cold and precipitation increased, the time finally came when the
heat of summer was not sufficient to melt all the snows of the colder season,
and then began glacial accumulation. For a while glaciers were confined to
the higher mountains; but gradually all glacier areas became united in one
great continental ice-sheet, Greenland-like, with local glaciers only along
some of the deeper terminal valleys.
'While thus spreading over the land, there were oscillations in the progress

of the ice-sheet, as in modern glacier regions, determined by meteorological
cycles, - the 11-year cycle dependent on the cycle of the sun's spots, and a
longer cycle of 35 to 50 years, as now in the Alps. And besides, there were
other sources of meteorological change, causing longer halts and recessions
in the ice-sheet, for which no explanation can yet be given.
A large ice-sheet gives a temperature of 32° F. to the air above it, and this
favors its perpetuity. But the southern margin, at the time of maximum
advance, was in middle temperate latitudes with the tropics not far away;
and warm or hot winds, therefore, were at hand to produce large fluctuations
in the extension of the ice with the changing seasons.
Causes determining places of the first ice and of greatest accumulation. -

Since the ice would have accumulated most rapidly where abundant pre
cipitation and low temperature were combined, the region of earliest com
mencement and maximum accumulation would have been over the eastern
portion of the continent toward the Atlantic. Along the coast region of
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New England and Canada the annual rainfall is now 45 to 50 inches a year,
and it was then probably still greater, perhaps 55 to 60 inches.
Farther
north, at the present time, the Precipitation decreases while the cold
increases.

In northern Labrador the former is reduced to 20 inches.
In.
Greenland, where ice is perpetual except within 30 to 60 miles of the coast,
the mean annual precipitation is but 10 inches.
The mean annual precipitation west of New England over three fourths
of the state of New York is now 38 to 42 inches.
But in the Mississippi
valley, over Wisconsin, it varies from 32 to 38 inches; and over the larger
part of Minnesota, from 20 to 32 inches, while farther north in Manitoba it
is mostly between 20 and 10 inches.
Moreover, in the Continental Interior

the summer isotherms make a long sweep north, that of the July mean of
700 F. extending beyond Lake Winnipeg, even to 56° N., which is 10° of
latitude, or 700 miles, farther north than the position of the same isotherm
over New England.
Consequently, New England would have made a large
accumulation long before the Mississippi valley in the same latitudes had
And after the ice had become permanent, it might
any permanent ice.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

have disappeared over the Interior while on the eastern border it was still
accumulating. With the conditions in the Continental Interior so near the
critical point, the ice-mass there would have responded readily to changes of

temperature; a meteorological change might have carried off the ice for a
breadth of scores or hundreds of miles, which would have made no impres
sion in corresponding latitudes to the eastward.
At the same time, in latitudes beyond 60° N., the precipitation might be
too small for great accumulation and glacial movement.
However great the
cold became, the icy heights to windward were everywhere robbing the air

of its moisture, and so leaving little for the regions to leeward.
Southern linit o the ice. - Under such various conditions the ice became

distributed over the breadth of the continent from the Atlantic Ocean to
the Pacifiè.
The map of North America, Fig. 1548, shows the southern limit of the
ice-sheet, as ascertained from the traces it left over the surface.
The limit
is indicated by the heavy line crossing the map from southeastern Massa
chusetts over southern Illinois and northern Montana to the Pacific coast.
Its most eastern observed point is Nantucket; thence, it extends along the
islands south of New England, to Perth Amboy in New Jersey.
Farther
east and northeast its course was probably over George's Shoal, 150 miles
east of Cape Cod, where the minimum depth is now but a few feet, and over
the shoal region off Nova Scotia (by Sable Island) and Newfoundland.
From Perth Amboy it crossed New Jersey and Pennsylvania obliquely,

entered for a short distance western New York; then bent southwestward
to southern Illinois. Beyond the Mississippi and the meridian of 97° W. it
made a bend northward to 47° N., on account of the dry and warm summer
climate of the Continental Interior, and near this parallel it reached the
Pacific coast.

But in the Rocky Mountain or Cordilleran region, it covered
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the higher summits at intervals, even as far south as New Mexico.
Again,
the
Sierra
were
and
there
isolated glacier regions along the Cascade Range
Nevada, about Rainier, St. Helens, 1-bed, Shasta, Lyell, and other summits
and in the Great Basin, Oil Jeff Davis Peak, the East Humboldt Range,
SlioslEolle Range, and 'West Humboldt Range.
Shrunken relics of the old
glaciers still linger about the Wind River Mountains in Wyoming; on
Mount Lvell and Mount Dana in the Sierra Nevada; and on Shasta, Rainier,
and other summits of the Pacific coast region.
East of the summit range of the Rocky Mountains in British America,

the limit between the eastern drift, or that from the region east of Lake
Winnipeg, and the western, or that of the mountains beyond, has the posi
tion shown by the dotted line on the map, Fig. 1548, the height being 3000
to 370t) feet above sea level.
There was also a northern limit to glaciation in northwestern America,
according to G. M. Dawson. The line crossed the plateau region of British
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Columbia, between 600 and 64° N., and consequently Alaska was uncovered
--t fact confirmed by the more recent observations of Dali and Russell.
Greenland had probably no more ice than now.

The details on the map (Fig. 1548) with reference to the moraines from the Mississippi
to New Jersey have been obtained chiefly from published and unpublished notes of
Chamberlin and Leverett; those over Iowa and Minnesota, from W. Upham; those about
the Coteau des Prairies, from I. E. Todd ; and those farther north, from G. M. I)awson;
for the position of the southern ice-limit, or Moraine line A, from H. C. Lewis, Report Z
The Terminal ,3loraine in Pennsylvania, 1884, from G. F. Wright ; for the line westward
to the Mississippi, Lewis's Report Z, and also Wright's lee Age, etc. ; for the positions
of the glacial lakes of Manitoba, from W. Upham ; those of the lakes of the Great Basin,
from G. K. Gilbert and I. C. Russell; for the glacial strh over New England, from
C. 11. Hitchcock mainly; and those of other regions from Chamberlin's map, 7th Ann. Rep.
U. S. 0. 8., and other sources.
Condition o?It.ide of
.f the Ice-limit. Forced migration. - South of the Ice
the P1eiIitatio11 was probably as heavy as to the north of it. But it
made only deep snows about the Appalachians and other low mountains,
and contributed water abundantly to rivers and lakes. Over a narrow belt
near the front, there would have been marshes and ponds with Arctic vege
tation, and cold-climate Mammals, which had been driven southward.

Several of the eniigraiit plants still remain and thrive on the summits of
the mountains of both eastern and western North America. Thirty-seven
species, according to Asa Gray, occur on the White Mountains of New
Hampshire, and part of them also on the Adirondacks and Green Mountains.
Out of 27 species observed by the Jensen expedition on a Greenland Nunatak
in 1878, the 'White Mountain flora includes, according to Gray, the Grasses

Luzula liiperborea and TrisetunL subspicatum, the Sorrel, Ox'jria digyna, the
Moss-like Heath, Cassiope hypnoides, and the Moss-like Catchily, &lene
aeaui"js. Seduni rlwdioia, a subalpine species, occurs on cliffs of the Dela,,
ware, below Easton, Pa.; Soxfraga oppositfolia Linn., on Mount
'Willoughby,
DANA'S MANUAL-60
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in Vermont; Arenaria Gröniandica, on the White Mountains, the Catskills,
Shawangunk Mountain, and, in the form of A. glabra Michx., on the Alle
ghanies of Carolina; S1CirpuS casjntosus in North Carolina, a patch remain
ing on Roan Mountain, and Hephroina arcticun, and other northern Lichens,
with Lycopothum selago oil the highest Alleghanies.
Even freshwater shells of the tJnio family were among the immigrants,
as C. T. Stimson has found by a study of fossil shells from near Toronto.
Scudder has shown that in North America the fossil Coleopterous Insects of
deposits laid down in the Glacial period are very nearly all of extinct species,
while those from peat beds of later origin are, with a rare exception, existing
species.
The bones of the Reindeer have occasionally been found in the valley
Two bones, referred by Marsh to the Arctic Reindeer, 1?anqifer
drift.

tarandus, were found in the lower clay-beds of the Quinnipiac River, three
miles north of New Haven, and others have been reported from near Vincen
town, N.J.
Other remains, but possibly of the B. caribou, have been found
near Sing Sing, N.Y., in Kentucky at Big-bone Lick, and on Racket River
in northern New York.
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The region farther south abounded, no doubt, in the beasts, birds, and
other species of a temperate climate.
With so long a glacial front in lati
tudes of 40° to 35°, at the time of greatest extension, the extreme cold
would have swept at times over the south, and have probably excluded
from the region north of Florida tropical and subtropical species, excepting
migrating kinds.

Elevation of the Continent.
The evidence that the continent, especially over its northern portions
and along the mountain borders, continued its rise above the sea level after
the Tertiary period is based largely on the facts relating to river channels,
fords, and Arctic migrations between Europe or Asia and America.
Evidence from river channels and jiords. - Near and beneath the

southern margin of the ice, over the interior of the continent, many river
channels, as proved by borings, have a depth of 100 to 400 feet below their
These deep gorges are filled with drift, thus making it certain
present bed.
that the excavation was completed in the Glacial period.
Newberry states
that all the river valleys of Ohio are examples.
The Cuyahoga, which is
one of them, has, where it enters Lake Erie, its bottom 200 feet below the

present bed, and this continues for 20 miles up the stream.
The valleys of
northern Pennsylvania are other examples, and
according to Carli and
White the depth of the drift-filling is, in some eases, 300 to 400 feet.
At
the west end of Lake Ontario, the Dundas gorge has been
proved by borings
to descend 227 feet below the sea level, or
half
as
far
as the deepest
nearly
of
Lake Ontario, the material penetrated
part
by the boring being drift
It is inferred that the lake was above the sea level in the
(J. W. Spencer).
period, and that a river flowed along its bottom, either eastward or westward,
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and produced the excavation. The depth of Lake Ontario is 738 feet, 492
elevation that
of which are below tide level; and hence the minimum
would give the same slope to the water as now was 738 feet. As shown on
the map on page O1, this Ontario River (or the line of greatest depth) was
near the south shore; and the depression had a high declivity on that side
which was very steep for time first 500 feet. Similar conclusions may be
all the Great Lakes; for they are generally believed to have
drawn from
been excavated by running waters during the Glacial period. The map on
the page referred to has marked upon it the outlines of the drainage areas of
the several lakes, the deep-water line, and the position of the point of maxi
mUIII depth ; and Selmermnerhorn remarks that time deep-water line of each is
near the center of the area of drainage. The Lake Superior basin descends
407 feet below sea level; the
Iichigau, 289 feet; the Huron, 121 feet.
For fluvial excavation, the elevation must have been not only that which
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would raise the basins above sea level, but to a height above the surrounding
land that would enable even the bottom waters to flow out of the drainage
basins; and to pass, not the existing drainage barriers, but the barriers of the
Glacial period, when the land in the vicinity was far above its present level.
A change of level is also proved by the reversed flow of some streams.
Carli and others have shown that the Pennsylvania rivers, the Alleghany and
l-eaver. then flowed northward into Lake Erie, proving that the land (lipped
toward the Erie basin.
sylvania. now a tributary
and Hice (lStfl)), is only
200 feet. according thus

In

the

Beaver River channel in western Penn
of the Ohio, the filling of drift, according to Foshay
60 feet deep at its month ; but 20 miles above, it is
with the view that its drainage, as shown by Carli
for the Alkghanv. had been reversed. The Tionesta and Conewango basins,
according to Carl]. participated in reversed Erie-ward pitch. Facts on this
subject of reversed drainage are presented by Chamberlin in a paper of 1894,

along with illustrating maps. Moreover, Gilbert pointed out in 1871, that the
Maumee River. now emptying into the west end of Lake Erie, then flowed
westward, and joined the \Vabash, and thus made the lake a tributary to the
Ohio. He found the evidence both in westward glacial scratches and
It is possible that a Huron River made
moraines, and in lake terraces.

another Ohio tributary.
Again, Lake \Vinnipeg, as pointed out by G. K. Warren (Rep. U. S.
Enqineer Dept., 1867. 1874, and Am. ,Thur. Sc., xvi., 417, 1878), which now
discharges into Hudson Bay by the short Nelson River, formerly discharged
into the Mississippi, and, with the Saskatchewan River, was its northern
head waters.
At the present time, the level of the lake is about 260 feet;
too low for a southward flow. The divide is in Minnesota between Big Stone

Lake, the head waters of Minnesota River, and Lake Traverse, the head
waters of lied River of the North, a Winnipeg tributary. These two little
lakes are but a, few miles apart and differ but. eight feet in level. The valley
of Red River and that of the Minnesota were found by Warren to be con
tinuous. and to be a great valley across the divides, 125 to 150 feet deep, and.
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a mile and a half wide, enlarging southward to its junction with the Missis
of the Mississippi north of this
sippi valley; and, in contrast, the valley
junction is small. He thus obtained positive evidence that the valley and
river from Winnipeg southward was not long since one, and that the conti
nental level was then such as would give the southward flow to the waters.
To reproduce now this slope would require a rise of the Winnipeg region
(or a sinking of the divide) amounting to about 260 feet; and to give the
The former
waters also a pitch of half a foot a mile, an additional 165 feet.
existence of this greater Mississippi is also shown by the fact that fresh
water shells of the Winnipeg region also live in the Mississippi.
Warren also suggested that Lake Michigan at the same time, owing
to the same northern uplift, discharged by the Illinois River into the

Mississippi -its broad and deep valley widening in the vicinity of the lake
in accordance with this direction of flow.
The changes about all the Great Lakes were such as tended to give them
The channels that now unite them are all
probably independent outlets.
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shallow, generally not exceeding 50 feet.
Further proof of high-latitude elevation in the Glacial period is afforded
by the river-valleys of the coast region now filled with water, that is the

fords, and the multitudes of islands, and many channels among islands, along
The fords of Maine, Labrador, Newfoundland, Greenland,
fiord coasts.
British Columbia and Alaska, and those of Scandinavia, western South
America south of 41°, of Tasmania and South Australia, are such valleys, and
None occur on southern Africa,
they all are coifined to Glacial latitudes.
which reaches only to 34° 22' S. They were made when the land stood high

enough for the denudation of the rocky coast region; and in view of the
great lift the continent and other continents were having in the Later Ter
tiary time and during the opening Quaternary, it is a reasonable supposition,
as the author pointed out in. 1856, that the work of excavation should have
It cannot be affirmed that the work
gone forward during the Glacial period.
of denudation was not begun during emergencies long before; but if so, this
period of so widely extended elevation, probably the greatest in the world's
history, must have finished the work.

Some of the fords of the Atlantic coast between southern Maine and
Hudson Bay have been found by soundings, as stated by Spencer, to have
depths of 2000 to 3670 feet below the sea level; and. the St. Lawrence chan
nel below the Saguenay has afforded soundings of 1104 and 1878 feet.
The
Saguenay gorge descends 300 to 840 feet below the sea level and rises 1500
feet above it.

They compare well with the fords of the Scandinavian coast,
several of which are above 2000 feet in depth, and one, the
Sogne Fiord,
4020 feet.

The fords of a coast differ widely in breadth and
depth; and the deepest
and largest were probably those channels that had been excavated to the sea
level, during the time of emergence, while others are the shallower
gorges
of the denuded region.
have
at
of
drift
They
generally
present a bottom
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or other detritus, so that the actual depth of excavation may much exceed
that obtained by soundings.
From such facts it is reasonable to estimate the elevation of portions of
British North America along the Canadian watershed, or the great Ice
level. This
l)lattu1, to have been at least 3000 feet above the present
as
subject has been recently well dismissed by Upham, with this estimate
his conclusion. The author, in 1571, suggested M)(H) feet, and this may not
l) too high for some portions of the Canadian region of highest ice. With
300() feet for the Canada, watershed south of Hudson Bay, this bay must
have been largely dry land. Along the coast of Maine the elevation indi
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cated is less than a thousand feet.

South of Maine, on the New England coast, other tiord.Iike indentations of the coast
exist in Narragansett Bay, 11.1., and the gorge of the Thames, from New London to
Besides these, there are pot-holes in the gneiss of islands off the
Norwich, Conn.
Connecticut coast.; and those of the Thimble Islands, in the bay of Stony Creek, show that
this bay was formerly crossed and probably excavated by a freshwater stream. The great
depth of the bays on the north side of Long Island, 50 to 5 feet notwithstanding the
later drift deposits over the region, is further proof of elevation. The amount for southern.
New England and Long Island could not have been less than 150 feet (D., 1870). With
this elevation, Long Island Sound in the Ice period would have been, instead of an arm of
the sea, the channel (If a river tributary to the larger Connecticut River; and Long
Island with New York on the west. side and the south coast of New England on the east
would have been con? inulT,us dry land. (See map, page 18.') The soundings of the Sound
and of the waters south of Long Island are shown on this map, and also more fully in Am.
Jour. Sc., xl., 1800, with explanations in the same volunte.
If the fjords of the coast. are proof of elevation, the absence of them farther south
should be probable evidence of little elevation or none. The submarine Hudson River
channel (map, page 1$) indicates a former emerged condition of the sea bottom, requiring
an elevation of the region and the adjoining coast of 200', judging from the deepest part
and it has been inferred by Lindenkoltl and Upham that this elevation took place in the
Glacial period. But the facts front the New England coast indicate only small elevations.
Moreover, the origin of the submerged Hudson River channel appears to have been of
much earlier (late, as has been explained on page 744.
.1. W. Spencer has inferred from the Coast Survey maps that there are submarine
river channels off the timonthis of several of the rivers of the coast south of ('ape Hatteras,
and in time Gulf of Mexico, the Mississippi included. But no satisfactory evidence of such
channels exists on these charts, in the opinion of officers of the Coast Survey.
G. M. I)awson states, with reference to the fiord region of western
America, that the land in the Pliocene stood relatively to the Pacific about
900 feet higher than now; and he concludes that the fords were. shaped and
enlarged locally during the following Glacial period, when the amount of
elevation was still further increased. The submerged river channels of the
Pacific coast of North America, on the coast of California, as described by

G. 1)avidson (1887), descending to depths of 2400, 3120, and 2700 feet,
indicate a higher level of the region of 2500 to 3000 feet, and probably during
the Glacial period.
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Evidence from Mammalian migration between iVoith America
and Europe
or Asia. -Another argument for the elevation of the land of
the higher
latitudes, and particularly the polar, has been drawn from the fact
that the
migration of Plants and Mammals took place between the two continents in
1549.
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Bathymetric map of the Arctic seas, reduced from the chart of the U. S. Topographic Department.

The migrating species include the
Quaternary.
Reindeer, Moose, Elk,
Polar Bear,
Grizzly Bear (the Brown Bear, Ursus Arctos of
Europe, being
regarded as identical with the
Grizzly), Beaver, and probably other Mammals.
There were also even
migrating Tjnios, one species, Margaritana
margaritiJ'era,
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occurring in northern Europe and Asia, and also in North America from
British Columbia to California, and on the east from eastern Canada to
I eiiiisylvania. These facts prove land communication. Dry land at Bering
Straits would have sufficed, and required an elevation of but 200 feet. But
there was probably Connettion also across from Europe to Arctic America.

The connection was prolonged for the polar part into the Champlain period.
The aceonipanying bathymetric map will aid in appreciating the effects
of a change of land in the Arctic regions.' An elevation now of but 1000
feet would add certainly 70(1 to 1000 miles to the width in a northward direc
tion of Europe and Asia, mtti1mg Franz Joseph Laud along the northern
margin, anti, perhaps, much of the unsotuided region farther north. Only
0 miles intervene between northern Spitsbergen and Greenland.
about
The, map shows further that ,in elevation of 3000 feet would make a dry
land passage from Norway by Britain to Greenland, drying up the German
Sea, and probably nearly the whole of the Arctic Ocean. The waters north
of Mel'-ifle and Ba.thurst lands may be as shallow as those north of Lapland.
A))))aret upward darn e due to change in water let-el. -Part of the appar

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

eut upward change of level may have been only a downward change in the
water level of the ocean.
Agassiz. holding that ice covered nearly the whole
continental area of the globe, argued that the abstracting of water from the

ocean to make ice would have occasioned a large continental emergence.
But the proportion that was actually covered was so small relatively to the
whole surface of the globe that the consequent emergence could not have
exceeded 60 feet. South America has but a narrow strip in glacial latitudes,

and the ice areas of Australia. and New Zealand were very small.
Another cause affecting the water level was the attraction of the mass of
the high we-plateau. It acted on the ocean's waters like that of any other
elevated land-mass, by drawing the water up over the land, and thus occa
sional actual submergence. The effect was, therefore, opposite to that from
the loss of water for making ice.
Ileiqht,

Thickiu',s, (inn

Flow of the Ice.

Evidence from qla(ml scratches and transported bowiders. - On the map,
Fig. 1548, the mean directions of glacial scratches are marked by arrows,
and these. directions are taken in all cases, as far as could be ascertained,
front the results of observations over the higher land of a region, away from
the influence of valleys or depressions.
Positive facts as to the height of the ice in pai'tieular localities are few.
Scratches observed by E. Hitchcock on Mount Washington, in 1841, put the
limit, in that part of New England, above 5500 feet; and the more recent

discovery by C. H. Hitchcock (1875) of transported bowlders, some of them
90 pounds in weight, near the summit of the mountain (6293 feet above the
sea level), proves that the mountain was completely covered, and that the
I The depths, on the map, are given in 100 fathoms, 5 signifying 500 fathoms or 3000 feet,
and .5, 50 fathoms. The arrows show courses of marine currents.
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Mount Mansfield, the highest
height of the ice was not less than 6500 feet.
summit of the Green Mountains, Vt., 4389 feet high, was wholly under
Mount Katahdin, in Maine, has
ice, as proved by transported bowiders.
The Catskills have marks of glaciation to
bowiders to a height of 4700 feet.
a height of 3200 feet (Smock, 1873), and Elk Mountain, in northeastern
It is probable that Mount
Pennsylvania, to a height of 2700 feet (Branner).
Katalidin and some peaks in the Catskills were "Nunataks."
Evidence from the pitch required for movement. - From the probable pitch
of the upper surface of the ice-sheet required for movement, estimates may
be obtained of the height of the ice in other regions.
In Greenland, flow takes place when the slope of the surface of the ice is
but 0° 26', or 40 feet to the mile = 1: 132; and Helland obtained for the
maximum rate of flow, where the

slope of surface was less than half a
If the rate of slope between the summit over
degree, 20 meters per day.
the White Mountains and the southeast side of Martha's Vineyard (which
was the course of movement) was only 30 feet per mile, then the height of
the ice-surface over these mountains was about 6,500 feet; and it would have
been a third larger, if 40 feet per mile.
dacks gives a height of about 7000 feet.
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kill

Mountains, mentioned

A like calculation for the Adiron

The height of the ice on the Cats
above, 3200 feet, corresponds with the latter

estimate; for the distance of these mountains from the southern limit of the
ice, near Perth Amboy, N.J., is nearly one half as great as that of the
Adirondack summits.
Moreover, drifted stones of hypersthene rock from
the Adirondacks occur upon them, as stated by Mather.
The ice of the Adirondack region flowed south-southeastward, over eastern
Connecticut, into what might be called the realm of the White Mountains
and it did this notwithstanding the obstructing Green Mountain range

on the route; and this is evidence that the Adirondack part of the ice
plateau was the higher.
By the same kind of evidence, the height of the
watershed between the St. Lawrence and Hudson Bay, toward which
the scratches over northern and northwestern New England point, is found
to be 13,000 feet.
But this part of the Laurentide ice-plateau may have
been nearly level for a long distance south of its summit, so that the height
may not have exceeded 10,00() feet.
Again, Mount Katahdin is 60 miles from
the summit of the mountain range that stands between Maine and the St.
Lawrence River; and hence the height of the ice over this range was about
6500 feet, if 4700 feet at Katahdin.

Across Wisconsin the distance from the south shore of Lake Superior to
the southern ice-limit is not less than 500 miles, and a
slope of but 20
feet a mile would give a height at the lake of 10,000 feet.
Part of the
10,000 feet was made by the greater
height of the land in the Lake Superior
region. The difference in elevation now is about 1000 feet. It was probably
greater in the Glacial period, through the increased elevation of the Lake
As reported by 0. A. White, a mass of native
Superior region.
copper, of
30 pounds weight, was taken from the drift of southern Iowa, Lucas
County,
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and other smaller pieces from other parts of the state, and also from the
southern part. of Illinois.
It came from the Keweenaw Copper region,
in northern Michigan, south of Lake Superior, for this is the only possible
source. The distance is about 450 miles.
A slope of 20 feet a mile, noting
that the locality in Lucas County has a height of 1000 feet, would give, for the
height, of the ice-surface in the Keweenaw region, 10,000 feet. The present

height (it' the land in this region is about 1500 feet; it was possibly then
500 feet. It. may be thought that detached ice, floating down the Mississippi,
might have transported the copper. But the Lucas County locality is about
120 miles west of this river, and 500 feet higher than the laud at Burlington,
Iowa, a Mississippi town.
The distribution of copper in the drift has been attributed to the Indians.
But in all probability they would have gathered it from the drift, and thus
diminished the amount rather than increased it.
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The distance of travel appears to have been still greater in British
America. Along a line from the Laurentide ice-plateau in Canada, across
the region of Lake Winnipeg, to the western limit of the drift, even a
slope of 12 feet. a mile would make the height of the Laurentide ice-surface
over 8,000 feet. The drift at this limit contains Archean bowlders of varying
size up to a length of 40 feet, which proves its eastern origin. The rocks on
the west side of Lake Winnipeg are Arclnan.
With the slope at a minimum, the rate of transportation per century
would be at a minimum, and the time for corrasion and decomposition,
or the wearing out of stones, at a maximum; so that the material for the
terminal moraine, under such circumstances, should be at a minimum.
The thickness of the ice in any place equaled the total height less the
elevation of the laud beneath; as the latter is an unknown quantity, the
actual thickness is seldom obtainable. A thickness of ice of 4000 to 500()
feet probably existed along the Canada watershed, in northern New England
and New York, and west of New York, in the region of the more northern

of the Great Lakes; and a thickness of 1000 to 3000 feet was common over
the region to the southward.
One large area of snows and thin ice-not thick enough to participate
in the glacier movement -existed in the midst of the moving glaciers of

Wisconsin, Iowa, and Minnesota.
It is now driftless, and has an area of
12,000 square miles (map, Fig. 1548). J. U. Percival, in his survey of Wis
consin, first recognized its driftless character, and J. D. Whitney, in 1862,
described and mapped it. It is now an area of minimum winter precipi
tation. The ice flowed either side of it, passing on the west side over the
east border of Iowa.
Courses of glacial scratches in the White Mountain region, New Hampshire, according
to C. H. Hitchcock: Near Lake of the Clouds, 5000' to 5200' above the. sea, S. 34054) E.;
on the N. side, near top of Mount Clinton, 4430', 17 in. W. of Mount Washington, S. 50
640 E.; and on S. peak of Mount Clinton, 4820', S. 540 E. ; between Mount Pleasant and
Mount Franklin, 4400', S. 300 E. ; between Mount Pleasant and Mount Clinton, 4050',
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S. 30°E. ; S. end of Mount Webster, S. 37° E.; top of Mount Webster, 4000', S. 300 E.;
top of Moosilauke, 4811', S. 22° E. Further, on Mount Abraham, in Maine, the direction
found is S. 590 E.
From the White Mountains to the coast of Maine, along by Portland and the mouth
of the Kennebec, the distance is but 70 miles ; and hence, supposing the pitch of the
surface the same as to Nantucket, the foot of the glacier in that direction, as remarked
long since by Agassiz, was over the shoals off the coast of Maine, south of Nova Scotia,
then probably an emerged area, and the depth of ice over this part of Maine was at the
least 4000'.
The direction of the scratches (see map) over western New England is testimony as
to the Adirondack source of the ice. The following are observed facts: Over high western Connecticut, 1000' to 1200' above the sea, in Warren and Litelifleld,
29°
E. (P.); in Newtown, S. 32° E. (1).); in Sharon, S. 33°-.36° E. (D.); in Cornwall,
S.
S. 33°-36° E. (1).); near Norfolk, S. 20°-25° E. (Mather); on Mount Toni, near Litchfield,
S. 17°-22° E. (Hitchcock) ; in Goshen, S. 23° and S. 28° E. (H. Norton) ; on Kent Moun
tain, S. 19° E. ; and S. of Kent, S. 38° E. (D.); bowlders, from Canaan, of limestone con
taining canaanite, found 5 m. W. of New haven, S. 10° E. (P.).
In western Jlassachusetts, on Mount Washington, in its southwest corner, on the
of
its summit peak Mount Everett, 2024' high, S. 18° E. (Hitchcock), S. 27° E. (D.)
top
on top of the ridge Tom Ball, nearly N. of Mount Washington, S. 43° E. ; on the Taconic
Range, W. of Richmond, S. 53°-.S. 70° E. ; on top of Lenox Mountain, between Stoekbridge
and Richmond, S. 41°-45° E. (Benton); E. slope of Taconic Range, near Pittsfield,
S. 50° E. (P.); on the mountain between Otis and Becket, about SE. (Fhitchcock).
The bowider train (page 059) over Richmond and Lenox has the course S. 45° E. west
of Richmond, and S. 35° E. from Richmond through Lenox.
Over the higher part of Vermont (from E. and C. H. I-Iitchcock's Vermont Rep.),
mostly S. 30° E.-S. 55° E. the greatest to the northward ; in the southern portion of Ver
mont, in Windfiam, S. 280 E. ; in Wihiiington, S. 29390 E. ; in central Vermont, West
Hancock, S. 50° E., Ripton, S. (100 E. ; in northern Vermont, on Camel's I-lump, 4077'
above the sea, S. 55,1 E., on Mount Mansfield, 4380', S. 55° E. ; on Jay's Peak, north of
the last, S. 50° E.
In higher parts of eastern New York, in Putchess County, mostly S. 15°-30° E.
(Mather) ; near Arthursville S. 24° E. (D.) ; in l'utnarn County, near Patterson, S. 17°
22° E. (Mather) ; in Columbia County, north of 1)utcliess, S. l8°-30° E., and on moun
tain top east of Shaker village, S. 45° E. ; beginning of Richmond bowider train on the
borders of Lebanon and Canaan, S. 550_450 E. (Benton).
In northern Pennsylvania, J. C. Brainier obtained for strh on Pocono Mountain, west
of Carbondale, a mean course of about S. 20° W.-S. 30° W. ; and on the summit of Bald
Mountain west of Scranton, S. 100 W.-S. 33° W.
The facts prove that from all western New England the flow was from the northwest
ward, across the Taconic Range and the Green Mountains, and in a direction from the
Adirondack region, or the more elevated Laurentide region beyond it.
The distance from the Adirondack part of the plateau to the southwest margin of the
lobe in western New York is about 200 miles, or 150 if the Adirondack plateau extends
50 miles west of Mount Marcy. It is about 250 miles to the ice-limit south of New York,
and nearly the same to southern Long Island in the line over New Havemi ; and about 220
miles from the White Mountain center to the southeast side of Nantucket. It is to be
noted, however, that the position of time margin in western New York was 1500' above
the sea level.
A bluff facing the water of Lake Cayuga, about a mile north of Ithaca, according to
H. S.Wihliams, in a region where scratches,
flutings, and plan tugs of the rocks are exhibited
on a grand scale, has its whole vertical face marked with scratches that have a descendizq
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c.irse t' about 25't#) lO-. The harrow lake trends about S. by W., not far from the
direction of Inovelnent in the ice-sheet over the region.
iver Manitoba, (lie following Coue.s of scratches are reported by S. B. Tyrrell
About Lake Manitoba, S. to S. 13' K. ; about Lake Wiiiiiipegosis, S. 13 E. to S. 58 W.
ahuiut Swan Lake, West of Viiiuiiegosjs, S. 4W-53 W. ; on Reil Deer River, S. 680's W.
intl Rapids ''ii the Saskatchewan, S. 2,1420 W. ; at Roche-rouge. S. 12 SV.
Cedar Lake. S. 11)
W. Th soulhwi i.l and southeasterly course is evidently due to
a valley hinuvemelit along the lakes. For others, over the interior of North America. see
Ululialu's paper on Lake Agassiz, ('an. (jeul. Rep. for 1S-1589, and other Reports of the
Canada Geological Surve.
In the us' of scratches to (leterinine direction of flow, the directions on page 942
should be observed. When scratches having different courses occur at the same locality,
it is also to be remembered that, direction of general niovement, in the ice-mass depends
on the slope of the upper su11et', as is true for any liquid and therefore that the thinning
of the ice front inviting may change the direction of inuuveinent at bottom. But where
thinning has diminished the slope of tiw ice-surface below the angle required for flow,
the ice is that only of a death glacier.
Bowhkrs were observed in Northampton and Monroe counties, Pa., by Lewis
and Wright, which must have Conk' from the Adirondacks. One of them of lahradorite
syeuyn".'' 21' in diameter, was found in Upper Mount Bethel just south of Kittatinny
Mountain another, similar, measuring 4' x 3' x J', on the moraine near Taylnrshurg,
between Kittat inny Mountain and I'ocono Mountain ; and another, of gray Adirondack
granite, containing magnetite. near Fork's Station, in Paradise, 5 miles north of I'ocono
sumnnhi(, at a height of 1550' ; and bowltlers of gneiss are abundant over the I'ocono
plateau. IIØIV above sea level. (Geol. Rep. P,., vol. Z, On the Terminal brain,' in P,.
am? V. ) . by H. C'. Lewis, 1884, with an Appendix on the Terminal Moraine in Ohio and
Kentucky. by G. F. Wright.)
General direction of flow. - From the Laurentide ice-plateau, or that
which
the Canada watershed and extended westward and north
ward. the flow was not only eastward and westward. but also northward, from
its northern part toward the Arctic seas, and along the great eastward bend
in the plateau over Canada south of 11 udson Bay to Labrador, it was south

west ward on the western part, and farther east, southward and southeast
warul. The observed courses of transported stones and lines of abrasion are
the means of locating time summit. region of the ice-plateau.
H i.,11 mnoumitains outside the plateau also influenced the flow, for they are

The White Mountains, Green Mountains,
regions of greatest precipitation.
and Adirondacks, (unIhsned into a common plateau by the ice, was one
of these mountain regions, apparently determining southeastward directions
of movement over New Englanul and southwestward over Pennsylvania and

much of New York.
In western New York and over the higher
parts of
Ohio the flow was again east of south ; but beyond Indiana to Dakota the
direction was in general southward and southwestward, as if from an ice
plateau in the Lake Superior region.
But above these plateaus, and farther north, dominated the
higher
Laurentide ice-plateau, which appears to have been the chief source of
movement southward for the region during the time of maximum ice,
although
there were many subordinate sources.
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In the glaciated area along the Rocky Mountain Range of British America
called the "Cord Cordillera, area" by G. M. I)awson, and the region between this

range and the coast, the movement of the ice was for the larger part south
eastward.
But a northern part, north of 60°-65° N., moved northwestward
and central portions escaped westward through passes in the mountain
ranges near the coast (G. M. Dawson).
About the Wisconsin driftiess area the scratches over the surface east of
it, according to Chamberlin and Leverett, mostly point westward or west

southwestward, toward the area, in concordance with the fact that the area
was that of a depression in the ice-sheet, so that the slope of the ice-surface
was toward it.
And to the south of it the same course is continued, show

ing that the depression in the ice-sheet was lengthened southward.
But on
the same authority, there was also an interval when the movement south
of the area, as proved by the transported material, was reversed, or from
Iowa into Illinois.
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To the eastward, the ice-sheet, when at its maximum stage, extended
southward in a broad convexity or lobe over New England and New York.
This was due in part to the general topographic form of the
(See map.)
surface, but more directly to the position and height of the White Mountain
and Adirondack ice-plateau, the head of the ice-movement.
But besides this,
Pennsylvania. and southwestern New York were under the lee of the ice
covered Adirondacks and Catskills, and it is for this reason, apparently, that
over the former state the southern limit took its northwestward course into
New York; a course which has no correspondence with the lines on a modern
rain chart.

The flow was also guided in part by large lake depressions, and especially
when these were near the border, as was the case during the progress of the
Glacial period.
Moreover, the flow of the lower ice was always influenced
locally by the topographic form of the surface, and particularly by the

courses of large river valleys as stated on page 24.
Such valleys have their
This movement,
valley drift and scratches, as proof of the valley movement.
as in the case of that along the Connecticut River valley, has sometimes been

attributed to a local glacier after the retreat of the ice-sheet. But the Con
necticut, for the 200 miles from Haverhill, N.H., to the Sound, has a pitch of
More than 50 feet a mile would be required for move
only two feet a mile.

ment, and this would demand a height at I-laverliihl of 10,000 feet, which
could not be unless the greatest of the earth's mountains existed there. A
length of 200 miles in a local glacier along an open valley is more than
three times greater than now exists.

The Connecticut River valley is a good example of the effect of large valleys, oblique
in direction to the general movement of the ice, in carrying off the lower ice which lay
in the depression, while the upper ice continued part way, or wholly, across it. Its direc
tion along southern Vermont and over Massachusetts and Connecticut to New haven is S.
8°-15° W., while that of the general glacier movement, was S. 300_500 E. The flowing
bottom ice, within the confines of the valley, carried along for distribution almost solely
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stones from valley rocks - chietly trap and red sandstone -and made scratches in the
dirt'ction of the valley, while the upper ice left similar evidence of its direction of flow,
S. 30--50 E., in the distribution of bowldcrs from the region west of the valley. These
howlders, in general, were dropped in the valley, they sinking in the ice till within the
valley flow; so that, in such a case, they prove only that the flow characterizing the upper
ice continued part of the way across the Connecticut valley.
Other examples of valley ice-streams are those of the Merrirnac, N.H., of the
Winooski Valley in Vermont, and that of Lake Champlain, as proved by the glacial
scratches observed by C. 11. hitchcock.
Tiu n SJ)Orlat ion and
Deposition-1.
Gathering of moferial, and its condition. - The ice-sheet received little
material from avalanches, that is, through falls of ice or stones from prec* itous declivities or overhanging cliffs, except toward its front margin
for. in the maximum stage of the ice, it covered all the mountains, except
the highest. The moving mass carried debris for the most part, not from
the slopes and summits of emerged ridges, but from those underneath it,
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against or upon which it rested, and chiefly from the slopes and summits of
such ridges rather than from level surfaces. It obtained its load by abrad
ing, plowing, crushing, and tearing from these underlying slopes and
It took up the loose earth and stones, abraded the hard rocks,
sununits.
plowed into the soft, and broke and tore off small and large bowiders from
the fissured or jointed rocks.
The ice-mass was a coarse tool; but through the facility with which it
broke and ada1)ted itself to uneven surfaces, it was well fitted for all kinds
Moreover, it was a tool urged on
of shoving, tearing, and abrading work.
by enormous pressure. A thickness of 1000 feet corresponds to at least
50,000 pounds to the square foot. The ice that was forced into the openings
and crevices in the rocks had thereby enormous power in breaking down
ledges, trying off bowlders. and in abrading and corracling. In contrast,

the ice of an Alpine glacier has a thickness ordinarily of but 300 to 500
feet.
It gathered little from the lowest parts of the narrower valleys, because
of the subglacial stream often present there, and the open space in the ice
above it-the ice resting itself in such cases mostly against the sides of

the valley.
\Vltere the fissured rocks were hard, large stones were taken up, some
of them hundreds, and occasionally thousands, of tons in weight. But in
regions of soft rocks, such as shale, slate, and fragile sandstone, and of rocks
easily decomposed, time material obtained was merely sand, earth, or small
stones that were readily reduced to earth. Over areas of great extent,
therefore, the glacier moved on with little besides the finer debris to dis
tribute.
Such facts suggest a reason for the frequent absence of stones and
large bowiders from large parts of a glaciated region.
In consequence of this subglacial method of gathering materials, nearly
all transported debris of the glacier was confined at first to its lower part,
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within 500 to 1500 feet of the bottom.
It was intraglacial,' as now in Green
land; there was in general no supergiacial drift over the ice-sheet.
The local
exceptions to this occur over the. melting lower margin; for a short distance

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

about some "Nunatak" (page 240), where local melting had favored the
growth of alpine Alg; and in regions reached by the dust of the drifting
winds.
Even the stones and gravel, taken p from the bottom over which the
ice moved, might have been carried upward along oblique planes of
bedding
or lamination into the ice-mass.

A paragraph from the chapter on Glaciers (page 246) is here repeated because of its
apparent importance in connection with the accumulation, transportation, and deposition
of the drift.
The slipping of the ice along planes of bedding or straticulation like that of the blue
hands has been shown by Fore! to be a fact in several glaciers, among them the Bossons
Glacier at Charnouni. In the lower part of a glacier these planes have a dip upstream;
and as a consequence, the mass of the glacier, as it moves down the valley, rises by slip
ping along one or more of the planes of lamellar structure. Fore! observes that. the fact
explains the difference of velocity between the upper and lower beds of the ice ; the little
movement at the extremity of a glacier; the reappearance, at the surface, of bodies
buried in the interior of the glacier; and the preservation of the thickness of the ice at
the lower extremity, notwithstanding the annual loss from melting. The cause must
have great influence over the direction of crevasses, and in all adjustments to resistances.
He states further that at the Glacier of 1-Iochsbalin, a frontal moraine was formed in 18S4,
by the slipping of a bed of clean ice over an old bed of debris-covered ice. (Arch. .Pliys.
Nat. Oenère, 1889, xxii., 276, and Am. Jour. Sc., 1889, xxxviii., 412.)
Besides taking up material for transportation, the
glacier pushed along
bowlders and gravel wherever its mass rested, and
especially where there
was a rocky surface at shallow depth below for it to slip over; and the loose
material gathered, besides serving for abrasion, made a prominent
part of the
ground-moraine here and there in progress of accumulation.
The uneasy glacier stream - uneasy because forced to make
unceasingly
new adjustments to the uneven surface underneath it -carried on the work
of corrasion among the transported stones with
vastly greater force than
water,
because
the
ice
had
a
firm
hold
running
on the stones and was plied by
of
vast
amount.
It
a
was
pressure
The
wonderfully efficient rock-mill.
stones, hard or soft, had their angles and surfaces rounded, and then were
gradually reduced to sand, earth, and rock-flour.
Owing to this wearing out
of the stones, the drift in any region seldom contained stones
gathered from
more
remote than the last fifty miles of travel.
points
Shaler states that
the stones and bowiders on Nantucket were all
gathered by the ice east of

Narragansett Bay.
It is not surprising that, in Illinois, Indiana, and Iowa, where the distance
of travel from any good
gathering-place was great, stones in the drift should.
be few, and be almost confined to the hardest kinds, as those of chert; that
the southern ice-limit should in some
parts have no well-defined moraine;
1 The term enqiaciul, used
by sonic writers, is not here adopted because it is half Greek.
Intra glacial accords with Latin usage.
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that clay makes a part of till, and sometimes interlaminating beds; and that
lmalt-(leeom posed rock-flour, fitted to make hess, should have been contributed
so abundantly to time Mississippi and its tributaries.
The smaller traveled stones were sometimes ground smooth on several
Shaler
sides, and thus hicetted, so as to resemble liunian flint implements.
mentions the frequent occurrence of such facetted stones on Nantucket, and
W. P. Blake has found many over Mill Rock, near New Haven, Conn.
The process of (leeninpositwn went forward rapidly because the stones

were in a moist place, and the needed air penetrated all glaciers. Moreover,
through the carbonic acid present in the ice, as it is present in all rain or
snow, decomposition of other kinds went forward, and especially that of

ciwnyiny the finely powdered "felthpai to clay (page 129).
vegetation not uncommon in glacier ice, including that of
through its decay. have afforded additional carbonic acid,
acids for the work of decomposition.
There is little of this clay made in the region of the

The microscopic
Greenland, may,

and also organic
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Alps, but it was
almost universal when the continental ice flowed over regions where crystal
line rocks were to be had; and the distribution of clay in great beds over
glaciated areas, as well as in the bowider clay, is thus accounted for.
The invading ice in its first movement trod down the forests and carried
off the broken trunks; and some trunks and stumps and eddy-like gatherings
of leaves in the till or bowider clay of Ohio, Indiana, Illinois, and other
states vest may have thus been gathered. The accumulation of soil and the
growth of forests over the debris that accumulates on the melting margin of
a glacier, as on the St. Elias glacier (page 239), illustrates a common process

of the Ice age.
2. Tcwiporta (ion. - In the work of transportation both ice and water
were concerned. Melting, through the warmer season, and copious rains
The glaciers of the Alps and Greenland teach that super
the water.
sup-plied
glacial lakes and streams may thus have been made, which contributed water
to sub-glacial rivers.
The distance of transportation by the glacier varied from 10 miles or less
to 500; and more examples of distant travel would exist if stones (lid not
wear out. Native copper has the advantage of stone, and some of its masses

made a journey of at least 450 miles, as stated on page 952.
The direction of travel is sometimes indicated by the occurrence of long
trains of stones leading off from the ledge or peak which afforded them. A
bill of hard quartzose chioritic rocks on the borders of Lebanon and Canaan,
in Rensselaer County, N.Y., was the parent source of the "Richmond" train
of large stones that crosses time Taconic Range into Massachusetts, and is
continued on over Richmond and Lenox into Tyringhamn (S. Reid, 1842, E.
Hitchcock, 1844. E. R. Benton, 1878).
Some of time transported bowiders exceed 1000 tons in weight. The
"Churchill Rock" at Nottingham, N.H., described by C. H. Hitchcock, is 62,
40, and 40 feet in its diameters, and is estimated to weigh about 6000 tons.
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" at
Whitiiigham, Vt., weighs about 3000 tons.
W. 0. Crosby has described a bowicler on the eastern border of New Hamp
shire having diameters of 30, 40, and 75 feet, and weighing 6000 tons. In
Ohio there is one 16 feet thick, which covers three fourths of an acre.
The "Green Mountain Giant

From southwestern Vermont, the granite of a high hill, between Stainford and Pownal,
which is almost as high as the Green and Hoosac Mountains lying to the east and south
east, was carried southeastwardly over the western sides of these mountains, nearly across
the state of Massachusetts.
Iron Hill of Cumberland, R.I., furnished bowiders of iron ore for the country south of
Providence, to the Newport region, thirty-five miles distant, and thence south of east, as
shown by Shaler, to Gay Head on Martha's Vineyard.
Large bowiders are scattered widely over eastern Long island, which are the crystal
line rocks, tral), and sandstone of New England ; and others, over western Long Island,
which are from the Palisades and heights along the Hudson River. South of Lake
Superior, there are bowiders which have come from the north shore of the lake.
In this movement of the glacier the transported stones and earth, at first
intraglacial, have sometimes become supergiacial, about any emerged or nearly
emerged mountain peak, as in Greenland about the "Nunataks" (page
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And after serving as a supergiacial moraine for awhile, the whole may
249).
have sunk away through crevices or crevasses to intraglacial positions again.
The ice, as it moves
a long slope of a hill or mountain-side, slips over the

rising surface, and carries its load with it; and on many slopes such stones
are found at a level 1000 to 3000 feet or more above their source. Mount
Katalidin in Maine has many bowlders on its northern face derived from

the Devonian rocks of the low country to the north, 3000 feet below it in
level, which were thus carried up the mountain.
Stones from a low level
in the ice may thus, if not stranded on the slopes, use the high level for
further travel or continue on at their original level.
3. Deposition. -The deposition of the transported material took place
(1) through crevasses and crevices, aided by descending waters from the

superficial lakes or streams; (2) from the melting bottom of the glacier;
(3) from the melting always in progress along the front of the glacier,
which was augmented during retreats.
Moreover, the material pushed along
by the glacier was an important addition to the moraine-making debris set

free by the melting ice.
Great bowiders would be the first landed from the
decaying ice-mass; yet large and small stones, earth and clay, are so mingled
in the till that the term bowlder-clay is well
The
applied to the larger part.
stones of the till show their glacier origin usually
by marks of abrasion.
But flowing glacial waters carrying sand have often worn smooth the
glacier
dropped stones and bowiders. The subglacial waters, wherever in gentle flow
along their valleys, may have made part of the local dposits of clay and sand,
while others were made by the waters
flowing away from the front.
4. The terminal ?flora tue or sonthern'ntost Ice-limit. - The terminal moraine
marks the limit of the ice-sheet when it was of maximum extension, and
therefore when of maximum
power for work, whether at abrasion, corrasiofl,
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or transportation. Along portions of the line in western Pennsylvania, Ohio,
and Indiana, the amount of drift material is small, so that it is sometimes
called the attenuated margin of the drift.
But at some places in Ohio the
terminal till is stated by Wright to be 100 feet thick or more. In southern
Illinois, Williamson County, the thickness at the limit averages, according
to Chamberlin and Leverett, 20 feet, and in some
places is 50 feet thick; and
striation is deep in the vicinity, proving the action of a land ice-mass. In
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Kansas and Missouri, the most southern portion of the drift, there are
bowiders of considerable size. To the eastward, in eastern
Pennsylvania,
near South Bethlehem, the Durham and
Hills,
to
665
900 feet high,
Reading
have bowlders and scratches at all altitudes.
Far eastward, south of New England, in the region of
greatest precipi
tation, the terminal moraine extends along the islands from Nantucket,
Martha's Vineyard, by Block Island, to the south part of
Long Island. On
this island, west of the Shinecock Hills, there is a
long interval of stratified
sands; and then at the western extremity of the island the drift is
again at
the surface, and continues to Staten Island and New
The
Jersey.
deposits
are coarse, 100 to 200 feet or more in thickness, partly stratified in places,
and carry large bowiders.
Ten to twenty miles north of the line just described, from Cape Cod along the Elizabeth
Islands and the shores of Rhode Island and Connecticut, between Narragansett Bay and
Watch Hill, and then along Fishers Island and the north side of Long Island, there is
a second range of terminal moraine, as first announced by Upham. The islands are not
drift made; for they had an earlier existence, as subjacent Cretaceous and other terranes
show; and they may, therefore, have determined the twofold subdivisions of the drift.
Yet. it is more probable that there are two lines of moraines, and that only the more
southern is to be taken as the terminal moraine, or that at the limit of maximum exten
sion. Nothing is known to exist over the sea bottom south of Long Island to indicate a
still more southern line, although the surface for 25 miles or more seaward was part of the
dry land.
This epoch of the advance in the Glacial period was probably of great
length. The vastness of the area covered with ice, the thickness of the ice
mass, and its accumulation even over the dry Continental Interior, lead
to this conclusion; and, as has been shown, the attenuation of the drift
along much of the front is not evidence against it; for, notwithstanding
this, there was slow transportation to the limit.

The terminal moraine, or southernmost limit of the ice, was located along the islands
south of New England first by Uphain and Clarence King; and along the coast east of Watch
lull (which is a continuation of Fishers Island) by C. King. Its location over New
Jersey
was made out by G. H. Cook and F. Smock.
2. Epoch of the First Retreat.
1. Distance of the Retreat. - The evidence of a retreat of the ice-front
is afforded by the condition of the till and other glacial
deposits over the
region of the retreat, and by the record of a long halt at the close in the
DANA'S MANtTAT. -
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existence ordinarily, as the northern limit of the retreat, of a moie or less
prominent belt or line of moraine.

The course of this moraine-line, as mapped chiefly by Chamberlin and.
Leverett, is shown on the map (Fig. 1548).
It is the line lettered B, B, B,
and is designated the moraine B, or moraine-line B.
The belt of land laid
bare by the retreat extended westward to the Continental Interior; no such
retreat has yet been recognized west of the Rocky Mountain region.
In
Illinois, the moraine B includes the Shelbyville moraine of Chamberlin and
Leverett, which passes near Shelbyville in central Illinois, and probably the
Altamont, of Upham, in central Iowa, the southernmost of the series in that
state.

The width of this belt varies from 10 miles
300 miles.

It

and less to more than
of New England, and

is least along the islands south
through New Jersey and Pennsylvania, where the precipitation was greatest
-so great that the annual accumulation of ice fell but little behind the
amount lost by melting.
But farther west, from western Ohio to the Conti
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nental Iuerior, the width increases with the decrease in the amount of
precipitation. In western Ohio and Indiana, the mean width is 40 miles;
from Illinois to northwestern Kansas, it increases from 150 to 275 miles;
and the driftiess area, lying chiefly in Wisconsin, is made part of a much
larger iceless area.
From

Kansas

in a northwestward

direction,

the

region of melting
stretched northwestward over the district of Assiniboia to the Saskatchewan,
or 1000 miles, if not beyond this; and as the dotted line
(Fig. 1548) is the
limit of transportation of drift from the eastward, and B B that of the
morainic limit of the melting (along the Coteau du Missouris and the third

Prairie level, in continuation of the Coteau des Prairies, as laid down by
G. M. Dawson), the width of the area laid bare in British America is full
300 miles.
The district of the Winnipeg region was still under ice.
Between Cape Cod and northeastern Kansas the retreat was from the
south, northward, but in British America it was from the west, eastward, and.
east-northeastward; that is, it was from the borders of the
great ice-sheet
inward.
the
Coteau
des
Prairies, the retreat from west to east was
Along

small, because the region west of that
part of the Missouri was bare through
all the epoch of maximum ice
owing to drought and heat.

South of New England the southernmost line, AA, from Nantucket to Perth
Amboy
is but a few miles from that of the moraine B situated
along the inner range of islands,
the coast west of Narragansett Bay, Fishers Island, Peconic
Bay, and the north half of
Long Island westward. At the head of Peconic Bay the moraines of the north and south
sides of the bay blend with one another. It is not certain that the moraine of the
southern limit, or that of maximum ice, was not outside of these islands, as it was
prob
ably outside the existing shore line to the east of New England, Georges Shoal being
probably on or near the limit. The retreat from this eastern limit was probably to
some line now under water; for the moraine on
Cape Ann, north of the harbor of
Boston, has been shown by Tarr to be
part of the east-and-west moraine extending
westward to the Connecticut.

CENOZOiU TIME
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2. Dv~wtrtfotta ~ d
distribulfwi. of drw. With the melting and fetie&t
of the ire-sheot, ileposition of tlie translmrted material went forward making
a wweriug of till of varying thickness, deposits in some parts of clay and
rock-Buur over and within the till, and intercalated depsito also of soil,
sometimrs with remains of forests,as has been already described. Besidei,
the escaping waters carried away material, fine mid coarse, for itratified beds
of clay, sand, and gravel. The older till over Illinois and Indiana has USUally a depth of about 20 feet In southeastern Indiana and southwestern
Ohio, wonling to Leverett, it w w followed by a covering of mil and then
a deposit of clay to a depth of several feet; and as the clay contains,
according to an (tiialysis, 2-32per cent of potash and soda, 16 per cent of it
or more is feldspar in groins. The beds of soil and the forest-beds in glacial
deposits are mostly contained in those that were made during this retreat

The moraine ridge, winch marks the limit of tlie retreat, consisting chiefly
of ~ m v ~atones,
l,
mill bowldcra, was mmle by the deposition, aloug the front,
of material brought down by the ice-sheet (hiringalong halt It indicates
the t ~ a p r t h i gpower of the ice ; aid as the moraine in Illinois and Iowa is
over ISO miles north of the southern itf-lintit, the surface of the ice-aha m y
have bad a steeper pitrli than (luring the period of maximum ice, 10 that
tniiis~~rfctition
went on more rapidly, while cormion and deposition were less
effective s ~ n c i e sof rock-wear. The halt had, M usual, its advances
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recessions; and this was one means by which the moraine ridge was widened
and rendered irregular in height and surface.
The foregoing figure of part of a moraine on Cape Ann, Mass., from a
paper by Shaler, though belonging to a later part of the Glacial history, shows
the common appearance of such moraines at the present time.
A great feature of the epoch was the amount of water discharged,
making new channels by erosion and giving the streams in the region of
melting great transporting and eroding powers. The Delaware, Susque
hanna, Ohio, and other streams were flooded; and the Mississippi derived
waters not only from the Ohio with its many tributaries and from the icy
heights of the Rocky Mountains, but also through the Missouri from
British America, far north of Montana, perhaps from the upper portion of
the Saskatchewan. Distribution of the transported material supplied by
the melting ice, and erosion by the loaded waters went forward, therefore,

with unwonted energy.
With the continent at its high level, the flooded rivers over all the conti
nent dug out their channels, during the time of maximum ice, often to great
depths; then at the melting the channels were filled with till, and, over the
till, with fluvial beds of sand or gravel. The Mississippi valley received then
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its earlier deposits of icess, over lake-like regions along its course, while
other portions of the valley had their coarser deposits.

South of New England, the retreat was short. On Long Island, then probably 500 feet
high, the eroding waters carried off seaward the terminal moraine of the south shore for
70 miles of its length, and dropped till over the denuded surface; then later waters covered
it with sand and fine gravel; for there are no bowiders or till to be seen over the even
slopes, although abundant elsewhere on the island. So also the waters that descended
the north slopes of the island from the moraine belt, cut out of the morainic accumulations
and underlying Cretaceous formation a number of short, steep valleys, and left them
similarly under fluvial sand-beds as the top-dressing, with no bowiders over their surface;
and the valleys, after the Champlain subsidence -which restored the waters of the Sound
to their place -became the deep and capacious harbors of the north coast.
During the epoch when the Mississippi was receiving waters, by the
Missouri, from the melting in progress through a thousand miles from
south to north, with other floods from the ice and snows to the east and.
the glacier regions in the Rocky Mountains, the deposition took place, of
what has been named the Lafayette formation-the
Orange sand formation
of Hilgard. As shown by Hilgard, the
was
a widespread flood
Lafayette
made formation, extending along the great valley of the continent, the
Mississippi, south of its junction with the Missouri, from southern Illinois to
the Gulf. Its eastern border passes near Cairo
through western Kentucky
and Tennessee, and the northeast corner of the
Mississippi, and, according
to L. Johnson, reaches the shore of Mobile
Bay in Alabama. Its western
border crosses Arkansas and Louisiana into Texas.
The formation is described as
consisting mostly of rust-colored or reddish
siliceous sand-beds. Near the great river channels,
notably that of the
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Mississippi on either side, of the Tombigbee and Tennessee, as well as of
the Sabine, there is a steady increase of gravel. It occasionally contains,
even in Mississippi, stones of 10 to 100 pounds in weight, and rarely 150
pounds. There are also some local clayey beds. The stones show that the
material came from the northward; many have in them Paleozoic fossils.
The beds are irregularly stratified, sometimes structureless for 20 feet of
thickness, but have generally the flow-and-plunge structure, illustrated in
Fig. 63, page 93. The facts prove, as Hilgard states, that there was a vast
and violent flow of waters down the broad Mississippi valley, bearing an
immense amount of sand and coarser detritus, and also some floating ice
for the transportation of the larger stones. Hhlgard therefore concluded
that it must have been made during the melting of the ice, while the conti

nent had still the elevation characterizing the Glacial period. These condi
tions are those of the First Retreat.
There were cotemporaneous depositions from streams descending the
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Atlantic and southern slopes of the then snow-clad Appalachians; and large
areas of the Lafayette formation in these regions and elsewhere have been
defined and mapped by McGee.

The "Orange sand" is often 401 to 1001 thick, and in some places over 200' according
to Hilgard, and toward the Gulf it has still greater thickness. In an Artesian well, near
the Calcasieu River, 200 miles west of New Orleans, beds referred to the Lafayette are 450'
thick, beneath 160' of clay of the Port Hudson group; and at New Orleans 760'. This
thickness along the Gulf is supposed to be evidence of a gradual subsidence of its bor
der to the great depth stated, as deposition went forward.
The actual limit of the formation is in doubt because it contains no fossils, and the
criterion usually appealed to in its correlation, -kinds and color of gravels, - is admitted
to have, whatever the rock series, almost no value. In Texas, some beds referred to the
Lafayette were found by G. D. Harris to contain Tertiary fossils.
In his early account of the formation, Hflgard stated, on the authority of Tuomey and
LeConte, that the formation passed from Alabama eastward, around the higher Appa
lachian highlands into the Carolinas, and thence north to Virginia and Maryland. McGee
described, in 1888, similar beds of orange-colored sands and clays along the Appomattox
River and other points in Virginia, and also others, in North Carolina and beyond, to which
lie gave the name of the Appomattox formation, and he has since studied the beds in the
Mississippi valley. He argues that part of the borders of the Atlantic and Mexican
Gulf were 200' to 800' below their present level at the time, making the beds in part
marine. No marine fossils or other marine relics have been described in evidence of the
submergence. Moreover the formation is made preglacial by McGee, and others.
The term La faiette was substituted in 1892, by agreement, for the older names of
Orange sand and Appomaetox.
Mr. Flilgard's last paper on the subject is in the Am. Jour. Sc., xliii., 1892; and
Mr. McGee's first on the Appomattox in Am. .Jour. Sc., xxxv., 1888, and his last on the
Lafayette formation in vol. xii., Rep. U. S. Geol. Sure., 1892.
River channels filled by the drift. - The discharge of drift from the
melting glacier sometimes filled up and blocked river channels at places,
and compelled the river to make a new cut.
The Ohio River, according to Newberry, formerly had a more southern
3.
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route around the Falls near Louisville, which it lost when the ice extended
to its southernmost limit. The Falls are evidence of uncompleted work in
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subsequent erosion along the valley.

It is held by some investigators of the drift, and prominently by Chamberlin, that the
retreat, instead of ending along the line of the moraine above described, continued until
North America had lost the chief part of its ice-sheet, and that this "First Glacial Epoch"
was followed by a second advance, of which moraine B was the terminal moraine. This
view is sustained on the ground that the erosion produced during the interval, the inter
calation of forest-beds and stratified clays, and the weathering and oxidation of the
lower tills would have required a very long period of time. It is, however, an important
consideration in favor of the shorter retreat, that the beds eroded were, to a great extent,
soft; that the amount of water discharged was very large; and that interstratified sand
beds and forest-beds are such as modern glaciers are 110W producing. The arguments and
facts favoring the theory of two glacial epochs and an interglacial are presented by Cham
berlin in his Report on the Geology of Wisconsin; also in the 3d and 7th Reports of the
U S. Geol. Surv., and in later publications, in part of which Leverett is joint author; by
G. M. Dawson in his Memoir on Rocky Mountain Geology in the Trans. Roy. Soc. Canada,
vol. viii., 1890, etc. lJpham, Hitchcock, Wright, and others favor the idea of a continuous
succession of recessions and halts during the retreat.
In northeastern Iowa, according to McGee, the successive glacial deposits are: (1) the
lower till, which is overlaid by stratified sands and clays (called locally gumbo) ; () a
forest-bed, with unconformity beneath through erosion and decomposition; (3) an upper
till of small extent, from ice that was of short duration; (4) the loess, which contains
some bowiders, and graduates at base into the till. These are supposed to be anterior to
what is called by Chamberlin the Second Glacial Epoch. The lcnss is stated to have been
formed in an ice-bound lake, which he names Lake Hennephi, made by the meeting of
two lobes of ice, advancing either side of the Driftiess area. The Icess makes a fertile
soil, which appears to be evidence that there was abundant vegetation in the waters in
which it was deposited, and thus throws doubt over the presence of the ice. The depau
perate condition of the shells shows only that the waters were cold; and their great
numbers, that conditions of growth were still not very unfavorable.
The great distance of transportation of glacial drift over the Continental Interior in
British America, and the remarkable uniformity in the drift deposits over the vast area
"250,000 square miles" -has led to the view that the region was submerged under fresh
or salt waters, and that floating ice was the transporter. But the flow over such waters,
whether tidal or not, would have been north and south, and not across the area; and
there is no evidence of marine conditions. Moreover, if floating ice worked there, it was
the agent to the south in the United States; and this is not in accordance with the facts
there observed.
Land and freshwater shells and other fossils of the hrss of the Mississippi valley.
From Galena, Ill. : Succinea avara, S. obiiqna, Patula striatella ; VallOnul pulehella,
Lininophysa humilis, L. desidiosa, Pupa Contracta, P. museorum (R. E. Call).-From
Davenport, La. Succinea avara, S. obliqua, Ileilcina oceulta, Pupa failax, helix stria
tella. Also tusk and molars of Elephas primiqenius (Pratt). -From Muscatine, Ia.
Helix striatella, H. fulva, II. puichelia, ii. lineata, Ii. Cuperi, Pupa B/audi, P. quarti
earia, P. muscorurn, P. simplex, Succinea avczra, S. obliqua, Heileina oceulta, Limna?a
hurnths, Unio ebenus, U. ilgamentinus, U. rectus, Melantho subsotida, M(t)y/czitifla COL
frago8a. Also teeth, bones, and antlers of CervusMuscatinensis (Witter,in McGee's Iowa).
From Hickman, in Kentucky : Conulus ehersina, Hyalina arborea, ilelicina orbicu
lata, Ii. profunda, Limuwa (Limniphysa) desidjosa, Mesodon
profumius, Jf albolabris,
.3facrocyclis Concaua, Painla alternuti,, P. pt'rs)wrtiea, P. solitaria, Steiwtreina (Helix)
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,nonodon, S. hirntum, Treudopsis apprsRa (Wetherby). The species are all of kinds now
living in the vicinity of the several localities.
The shells of the Iowa lake are much below the natural size of the species, showing
the depauperating effect of the cold water (McGee); but in Kentucky those obtained near
the Mississippi are larger than those a few miles to the eastward (Loughridge).
3.

Epoch of the Final Retreat.

At the commencement of the Final Retreat, as shown by the position of
moraine B, ice still covered all New England, all New York, and very
nearly all that part of Pennsylvania that was covered at the time of maxi
mum
ice. But in Illinois and farther west to Dakota, the First Retreat had
left bare a broad belt, which extended northwestward into British America
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west of Manitoba.
In the Final Retreat the Mississippi valley was still, compared with the
east, the region of most rapid melting, and for the same reason as before
the warmer and drier climate. The series of loop-shaped moraines in Illi
nois and Wisconsin, and that in Iowa and Minnesota, mark the succession of
halts and. recessions in the course of the retreat northward from the moraine

line B.
The Illinois series, as described by Chamberlin and Leverett, covers
much of Illinois and passes thence into Wisconsin; and the Iowa-Minnesota
series, as mapped by Upham, extends first northward and then over Minne
sota northeastward, for more than 400 miles. In addition, the retreat was
going on from the moraine line B in Assiniboia, north of Montana, laying
bare much of Manito13a.
In the Illinois series of moraines, there is near Madison the noted Kettle
moraine (KR on the map), more than 200 miles from the line B, or that
of the Shelbyville moraine. But in Indiana the distance of retreat between
the moraine line B and the line K, or that of the Kettle moraine, narrows
rapidly; and in Ohio it is very small, the first moraine north of the moraine

B being regarded by Chamberlin and Leverett as probably the moraine K.
Farther east, moraine K extends along with moraine B into western New
York.
It has been supposed by Chamberlin to pass probably south of
In view of the nearness to the line B
Cayuga and the other Finger Lakes.
whether
it does not take the same oblique
in Ohio, it may be questioned
course with it through Pennsylvania and become there indistinguishable
from it; and the same also farther eastward across New Jersey and south

of New England.
If this is the right view, New England held to its ice
during all the retreat in Illinois of 200 miles, precipitation to the eastward
adding about as much ice as was lost by the melting.
Subsequently the final retreat involved the Eastern States as well as the
Mississippi valley, and moraines over New England and New York mark
its progress.
One, as described by R. S. Tarr, crosses Massachusetts west of

the Connecticut, passing south of Turner's Falls, Orange, Royalston, Win
chendon, and terminates in the Cape Ann moraine described by Shaler.
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Three or four others, according to C. H. Hitchcock, exist in Vermont and.
New Hampshire.
The moraines made on this final retreat bring to light the fact, as
observed by Chamberlin, that the movements of the ice-sheet in the region
of the Great Lakes became largely resolved into movements along lake

They thus bear testimony to the preglacial existence of the basins
The Kettle moraine (KK) is concentric with the out
of the Great Lakes.
line of the Green Bay trough, a western arm of Lake Michigan; a Michigan
moraine borders the Lake Michigan basin; and a series of Erie moraines,
as mapped by Leverett, are approximately parallel with the western part
of the Lake Erie basin. Besides, there are indications of a Saginaw glacier
movement, along the trough of Saginaw Bay on the west side of Lake
There were thus
Huron, as an outlet for the ice. of the Lake Huron basin.
basins.

brought to view more or less distinctly, as melting went forward, the outline
of a Green Bay, Michigan, Saginaw or Huron and Erie glacier.
Lake Ontario and Lake Erie, during the time of maximum ice and long
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after retreat began, were crossed by the ice in a southward direction, the
glacial scratches south of Ontario having the direction S. 80_200 E., and.
But the evidence of a lake-basin
those south of Erie mostly S. 200_300 E.
movement -really an Erie-Ontario movement - is sustained by scratches at
In the
the east end of Ontario, and over the region at the west end of Erie.

latter region, the deep moldings in the limestone of Kelley Island have
the courses S. 600_800 W. (Newberry) ; and west of the lake the same direc
tions prevail. This westward flow in the Erie basin, first pointed out by
Gilbert, and later sustained by Chamberlin and Leverett, must have been
dependent in part on a like movement in Lake Ontario, for the supply of
ice required a general westward slope in the ice-surface to the eastward;
and the Adirondack ice-region was its probable source.
Chamberlin and
Leverett also bring forward evidence from the moraines (see map, Fig. 1548)
that Lake Erie was rid of its ice before the more northern Lake Ontario.

The movement along the troughs of Lake Michigan and Green Bay, sug
gested by the moraines, as Chamberlin points out, proves, if a fact, that the
ice over the troughs had the slope at surface requisite for movement and
transportation. The length of Lake Michigan is 335 miles; and hence, if
the mean slope was but 30 feet per mile, the height of the ice-surface at the
north end, above that at the south, would have been 10,000 feet; and two
thirds of this if the rate were but 20 feet
With such evidence of
per mile.
a southward movement there is no
satisfactory proof that a subsidence was
in progress to the north, although the retreat of the ice had even reached the
Canadian borders.

The Iowa-Minnesota series of moraines
appears to indicate a like move
ment, and a like northeastward rise in the
slope of the ice-surface. With
the retreat of the ice from Minnesota, the ice
disappeared from much of the
more northern Lake
Winnipeg region; and Lake Winnipeg, receiving waters
from melting ice on its eastern and northern
borders, as well as from
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rivers to the west, then began, while the continent over this interior region
was still at high elevation, its discharge by the Red River of the North into the
Minnesota, and the Mississippi became emphatically the "Great Mississippi."
It was at this time of the departure of the ice from the lakd region to
the country north of Lake Superior, before a subsidence had made much if
any progress, that the areas of the Great Lakes were fluvial areas, carrying
on vigorously the work of excavation under the high southward slopes due
to more northern elevation; that Michigan was discharging its abundant
waters through the Illinois or the Kankakee channel to the Mississippi;
Erie, with probably Huron, through the Wabash, to the Ohio; and Superior,
through the Fox or Wisconsin, to the Mississippi. The waters of Ontario
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are supposed to have gone eastward to the valley of the Mohawk, but for
want of satisfactory evidence as to any other course.
The following are the views of Chamberlin and Levered, with regard to the stages
in the interval between the time of maximum extension and that of the Kettle moraine:
(1) Partial deglaciation, and the formation of a sheet of drift perhaps 20' in thickness,
with occasional layers of soil interbedded in the drift. (2) Interval of deglaciation of
great length, the surface of old drift sheet deeply oxidized, leached, much eroded, with
thick widespread soil above. (3) Deposition of main body of kess and associated silts
along the Mississippi, Illinois, Wabash, and Ohio rivers, and between the Illinois and
Mississippi, and the material in southern Indiana and southwestern Ohio called "White
Clay." (4) Long interval of deglaciation, and deep erosion, cutting large valleys in the
kess. (5) Formation of a thick sheet of drift terminated by the Shelbyville moraine, 75'
to 100' deep, the maximum advance of the ice after the long deglaciation having termi
nated at or near the line of this moraine; and, following the deposition of the Shelbyville
moraine, other moraines in succession at short intervals up to the Kettle moraine series.
(6) An interval during which ice-lobes and ice-currents were shifted. (7) Moraines of
the Kettle moraine series of Illinois and Wisconsin. In remarks on these stages, it is
stated that as far as the correlation of the Kettle moraine has been made out, the
Shelby-vile
series of moraines is represented in western Ohio by only a single moraine, and in
eastern Ohio and northwestern Pennsylvania, it is nowhere in view, and is supposed to be
concealed by the Kettle moraine series. The correlate line across western Indiana of the
Kettle moraine is difficult to make out. In eastern Ohio the outer belt from the Scioto
River to southwestern New York has knobs and basins like the Kettle moraine; and the
moraine south of the Finger Lakes (Cayuga, Seneca, and others) is made the probable con
tinuation of the Kettle moraine series. The overwash from the Lake Michigan and Erie
moraines over Saginaw moraine in northern Indiana seems to show that the ice had
withdrawn from the Saginaw moraine while it was forming the series west of Lake
Erie.
With regard to the conclusions of Chamberlin and also of Leverett here and
elsewhere cited, they say that their observations are still in progress, and their state
ments are not to be taken as final.
ITpham names as follows the Iowa-Minnesota moraines, commencing at the south:
1, the Altamont; 2, the Gary; 3, the Antelope; 4, the Keister; 5, the Elysian; 6, the
Waconia; 7, the Dovre; 8, the Fergus Falls; 9, the Leaf Hills; 10, the Itasca; 11, the
Mesabi; 12, the Vermilion (Final Rep. Geol. Minn., vols. i., ii., and 22d Ann. Rep.).
Lateral moraines are seldom well marked over any part of glaciated
North America, because the mountains, with rare exceptions, were beneath
the ice-sheet; and there were no true valley glaciers, except occasionally
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But in some large submerged valleys, like that of the
along the front.
Connecticut, in which the bottom ice had a movement of flow in the direc
tion of the valley, there were sometimes obstructing conditions which pro
duced a forced deposition of bowiders and till, and thus made an accumulation
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somewhat moraine-like, which might be called an obstruction moraine.

A good example exists along the west side of the south end of the Connecticut valley,
in the vicinity of New Haven. This declivity is rather abrupt, and has a nearly north
and-south direction, while the course of the valley ice-stream, as described on page 956,
was S. 15° W. The ice-stream, in meeting the obstructing ridge or declivity, dropped along
it a large amount of till and many great bowlders of trap and sandstone. The top of the
ridge, five miles from the Sound, is about 300' above the lower laud to the east, and 400'
above the sea level. One great bowider of 1200 tons, and several others of large size
near by, were a little too low in the ice to pass the top of the ridge, and consequently
became stranded against its slopes, or combed out by its summit ledges. Half a mile
north is another trap bowlder of 500 tons, and several exceeding 100 tons lie to the south.
A mile and a half to the east, but separated by an open valley 300' deep, stands the West
Rock trap ridge, of equal height; and on this ridge, and almost in an east and west line
with the 1200-ton bowider just mentioned, at a like height, there is a 1000-ton bowider,
which was similarly stranded.
For a distance of 10 miles from Long Island Sound
the great bowiders are common, and the till against the slopes has unusual thickness.
The upper part of the glacier above the level of the ridges kept on its southeastward course
(S. 300-40 E.), carrying bowiders of gneiss from the northwest. But some, if not all,
of these gneiss bowiders, while on their way over the valley, dropped down so as to come
within the lower or valley ice-movement; and they are now, as a consequence, part of
the obstruction moraine along the eastern base of the West Rock Ridge, and other north
and-south trap ridges of the valley.
Among the formations produced by the melting, besides moraines and
deposits of till, clay, and other ordinary materials, there were glacial accumu
lations of loose materials called drumlins, and eskers or kanies, - formations
that were much less common in connection with the early partial retreat
than with the final.
Kettle-holes, also, were a feature of many moraines,

from the Cotean des Prairies to Cape Cod.
Kettle-holes are bowl-shaped depressions, usually 30 to 50 feet deep and
100 to 500 feet in larger diameter. Each depression, according to the accepted
explanation, was the resting-place, and often the burial-place, of a huge mass
of ice that became detached during the melting; and the final melting away

of the ice left a hole where the ice lay. The great 'Wisconsin moraine about
Green Bay is called by Chamberlin the "Kettle Range," from the great
numbers of its kettle-holes.
Near Wood's Hole, in southeastern Massachu
setts, opposite Martha's Vineyard, 1000 kettle-holes occur,
according to B. F.
Koons, in a distance of about 12 miles.
Kettle-holes occur sparingly over
Long Island; but it is possible, since there is clay beneath the drift, that
the weight of the overlying drift, with the addition of the
resting glacier in
some cases, forced aside the clay, flexing its
layers in the process, and thus
made the bowl-like depressions.
Drunilins are hills or ridges of till, 30 to 200 feet
high, made ordinarily
from
the
or
in
the
by deposition
course of its dissolution; and
glacier,
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eskers or kanies are rougher ridges and hills of rudely stratified coarse and
fine gravel, produced by the discharged waters.
Drumlins occur in great
numbers over New England, especially in Massachusetts and its more northern
states, and also in New York and the states west to Dakota.
Eighteen
hundred drumlins have been observed in Massachusetts alone, and thousands
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are reported from Wisconsin and the adjoining states.
Eskers are widely distributed over Maine, and are common in other parts
of New England and in most regions of the melting ice.
Drumlins are commonly more or less oblong, smooth-featured hills, having the longer
diameter in the direction of the movement of the glacier. In allusion to their form, they
were called " lenticular bills" by E. Hitchcock, their first describer (1842). Such hills
may be shaped by fluvial action from beds of till. But drumlins are generally results of
local deposition. Their height indicates a source elevated above the general level. Such
a source is afforded by the drift in the lower 200 feet or more of the ice. They were
probably formed, therefore, under the ice-sheet, and not far from its melting margin.
To gather and pile up the drift within the ice would require the descent of water along
crevasses, the water acting by melting, eroding, and transporting. If the crevasse had a
direction toward the front, the slow movement of the ice would bring forward new mate
rial for the enlargement and elongation of the hill. A large trench is sometimes made
about a drumlin to carry off the copiously descending waters.
Crevasses are often due to obstructing rocky ledges or hills below, or to bends in a
valley-like depression; and being thus local in origin, the same spot may be long accu
mulating deposits.
Drumlins sometimes have a micleal mass of stratified gravel and sand containing
occasionally intercalated till ; and those of Madison, Wis., have the till confined to an
outer shell, 20' or 30' thick. IJpham, who has described such drumlins, attributes the
nucleal stratified portion to moraine materials over the melting margin of the ice carried
down by the superglacial waters; and the till to the final wasting of the glacier, or its
removal by the descending waters. They sometimes show their subglacial origin by
being crossed by small valleys or trenches of erosion (G. H. Barton).
A drumlin of nearly circular outline, on the west side of the valley at New Haven,
Conn., height 115', stands on the summit of a rocky ridge, its base being nearly 200' above
the sea level. The valley is the south end of the Connecticut valley near where it passes
into the trough of Long Island Sound. The lower part of the ice lying in the valley was
moving S. 150 W. But, on reaching the trough of the Sound, it was forced to bend
abruptly around to S. 20°-85° E. in order to take the course of the general glacier move
ment along the Sound. This high isolated drumlin and lower accumulations along the
coast westward are evidence of the wrenching and crevassing at the turning spot. This
drumlin has, for half of its circuit, a deep valley, made by the deluge of waters that
descended the crevasse.
Eskers or Kames, unlike the drumlins, are rudely stratified accumulations of gravel,
sand, and waterworu stones. They are of rough fluvial or torrential origin, and occur
in long tortuous ridges (serpent-kames), mounds, and hummocks. They have the general
direction of the drainage, though sometimes not according with the present course of
drainage. They occur usually over the lower lands, outside of the steep mountains
where the slopes are not large; yet they are sometimes met with at. high elevations.
Indian Rid, e, near Andover, Mass., was the first of them described (1842, by E. Hitch
cock). Several modes of origin have been suggested. Their formation has generally
taken place after melting had made great progress over regions favorable to torrential
flows; where water, coarse gravel, and sand were freely discharged from the broken and
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melting ice-sheet and sometimes flowed along channels among the ice-masses or in its
opened chasms. They were formed also by the gushing streams from the end of glaciers
while the ice was rapidly disappearing, and sometimes beneath the ice.
They often
moraines
as
an
attendant
effect.
Stone
refers
those
of
Maine
accompany
chiefly to
superglacial streams; and J. B. Woodworth, those of southern New England mainly to
subglacLal waters, the ice giving them their limits.
Deposition seems to have some
times taken place in Maine over frozen soil and lakes, so that when the ice of the lake
melted (as in the case of the Ra.ngely Lakes) the kame over it dropped to the bottom.
Some of the so-called kames are ordinary fluvial deposits.
Kames were so named
in Scotland. The Eskers of Ireland and Osars of Sweden are of like nature.
The till along seacoasts sometimes contains marine shells that had been gathered and
transported by the glacier. Examples occur in the vicinity of Boston Harbor, especially
to the southeast of it, and have been described by Upham (1888), and by W. 0. Crosby
and Miss Ballard, who enumerate 55 species collected chiefly from drumlins (1894). Simi
lar localities, described by R. Chalmers (1893), exist on the coast of the Bay of Fundy.
The till

over Ohio has a mean depth, according to measurements in
borings made over 53 counties, collated by Orton, exceeding 93 feet, and
four borings in Butler County, in the southeast corner of the state, gave
116 feet for the mean depth.
The deeper places were along valleys.
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Excluding valley deposits, the depth is probably nearer 56 feet, as measured
In Indiana and Illinois, the mean depth, according to Clay
by Claypole.
pole, is 62 feet; for Central Minnesota, according to Upham, between 100
and 200 feet.

Near Darrtown, Butler County, Ohio, there are cedar logs in
the till, which, Wright says, point to short times of advance and recession
of the ice-front.

The Erie clays, so named by Logan because forming extensive deposits
along Lake Erie, are one of the results of deposition.
According to an
T.
G.
analysis by
Wormley, the clay contains 340 per cent of alkalies,
which indicates a mixture of clay with over 20 per cent of ground feldspar.
They overlie the till, are unstratified for the most part, and often contain

small scattered striated bowlders.
The deposit was probably made by sub
glacial streams after their escape from the ice, and by discharged waters
Over the Erie clays, near Cleveland, Ohio,
during the general melting.
there is a stratum of sand, gravel, and clay, and between the two occurs a
bed of vegetable debris, one to two feet thick, which
Newberry called a forest
bed. It contains portions of tree trunks of Conifers and other
vegetable
materials. It may belong to the Champlain period.
In the Rocky Mountain region of British America and over the Interior Plateau to
the west, as G. M. Dawson states, the later till is covered
by a deposit called by him the
White silts," a well-stratified formation which is, at times, in terraces 100 to 200' high.
Sometimes it passes gradually into sand-beds. It is supposed by him to have been formed
in the valleys of those high regions before the ice had
fully disappeared from them.
The obstruction of river
valleys at points by the discharged till was of
common occurrence during the Final Retreat.
A noted case is that of
River,
where
time
Niagara
river channel, then shallow, was thus filled and
the stream forced to begin
again the work of excavation.
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The accompanying birdseye view (Fig. 151), from a
paper by Gilbert,
the
river
shows
between Lake Erie to the south and the laud below the
Queenston Heights (Q H). To the right is seen the course of the old now
drift-filled channel, first recognized by
Lyell. The work of excavation is
still going on, and chiefly at Niagara Falls.
The Mississippi River was similarly blocked near its junction with the
Minnesota for a distance of about 10 miles, as described by N. H. Winehell.
In the new valley, since made by the
Mississippi, St. Anthony's Falls occur.
The river is still working at the removal of the falls so as to make the
cut complete.
1551.
- -----------.'
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Rock River, in northwestern Illinois, is stated by Chamberlin and Lever
ett to have been a tributary to the Illinois before the deposition of the
Kettle moraine. But, through the drift-deposits then made, it was filled U
for part of its course and thus was set to work making its present south

westward channel to the Mississippi.
During this time of melting, fluvial work was going on over all parts of
the continent - quiet waters and those of prolonged floods alternating, where
within the influence of the glaciers. The height of much of the land may
still have favored the work of erosion along many valleys.
The Mississippi was the greater Mississippi through. the larger part of
the time; for there is yet no proof that before the ice left the United States
it had lost its Winnipeg and Saskatchewan source. The valley received
new deposits of lwss and silt along some still-water portions, part of it over
the earlier Lafayette formation, and silt and coarser beds elsewhere. The
rivers of the Atlantic border south of New York were adding to the deposi
tions in their valleys and along the seashore.
But since snows were less
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common in the Appalachians than during the First Retreat, water was less
abundant, and the deposits, therefore, were generally much like those of more
recent time.
Deposits on the Atlantic border, partly marine and estuarine, and those
of similar character elsewhere, have been named the Qolumbian formation.
This formation is described by McGee (1888 and later) as occurring over the
coastal plain of the Atlantic slope, and ranging in height from over 100 feet
in the south to 400 or more in the north. It consists of a series of sub
The pre
estuarine and submarine deltas and associated littoral deposits.
dominant and most significant phenomena are widespread stratified deposits
and associated terraces, newer than the Lafayette formation of the same

coastal region. Part of the deposits made during the earlier retreat also are
described as Columbian. The formation, according to McGee, is in part of"
submarine origin.
Another result of the melting and depositions during the long retreat was
the making of innumerable lakes, especially over the more level portions of
the glaciated region. There were probably thousands where there are now
scores - like the Tundra regions of similar origin, in Russia. The gradual
action of waters during their flood seasons have converted many lines into
drainage channels, while numerous others have gradually become shalloweci
by depositions of earth and organic materials and passed to the conditions
of swamps; and the swamps have ever since been drying up.
Topographical results of abrasion by the ice and ice-made streams. -The
minor effects of abrasion by glaciers are scratches, groovings, polishing of
surfaces over the harder rocks; making deep channels in the softer, such
as limestone and many sandstones; producing forms over the surface like
the moldings in architecture, but yards in depth and width, where the
architect puts inches; carving out roches moutonnées, an example of which,
from the region of the Holy Cross in Colorado, is represented on page 250;
but not boring out pot-holes, which requires a stationary tool.
The larger effects of direct abrasion on the softer rocks are long and
wide trenches, one or more hundreds of feet deep; shallow lake-basins,
like that of Mono Lake in Nevada, which, according to Russell, was excavated
out of limestone to a depth of 51 feet below the existing rim, its bottom and
sides being limestone; river channels; ridges elongated in the direction
of the movement of the ice; steep fronts on the struck or stoss side of
hills-the side facing the ice-stream; and long-drawn-out ridges with
gentle slopes on the opposite side. Another case is that of soft rocks saved
from removal by being under the lee of a ridge of harder rocks, the harder
ridge making a great cavity or notch in the ice, -as near New Haven, Conn.,
where a ridge of weak sandstone (Sachem Ridge, on the map, page 993),
a mile long and 100 to 165 feet high, was left under the lee of a trap ridge
(Mill Rock), just as a tool with a notch in its cutting edge leaves a raised.
line on the surface of a board.
The tearing and displacing work of
frosts and freezing was also going on over all frosty regions, even those
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not glaciated. Deep lake basins in the harder rocks are not regarded as
among the possible results of glacier excavation, their existence in glaciated
regions being generally due to the damming of channels by the glacial
deposits and sometimes to changes in level.
Thus a glaciated country bears
everywhere the marks of the ice. The
more delicate marks-the scratches or groovings-would he now universally
visible over the exposed rocks, were it not for their removal
by weathering.
on the harder rocks they may
be
found
generally
by removing the soil.
The effects of abrasion and degradation are apparent also in the grander
work of shaping mountains and excavating deep
valleys; but in the pro
duction of these results, the ice was aided to a very large extent by
the subglacial streams.
Moreover, the degradation and excavation were
carried on as effectually, or more so, by the later floods from the melting
ice. The fords are attributed to the ice; but the waters from the melted ice
were the main eroding agent, while the ice worked chiefly by lateral abrasion.
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FOREIGN.
In Europe the region of the Scandinavian Mountains was the great
center of the accumulation and distribution of ice and bowiders.
There
were also some local centers: as in the Scotch Highlands; in the Alps, Urals,
Caucasus, and Pyrenees; in the mountains of Auvergne, Lyonnais, and Beau
At the time of maximum glaciation the ice was continuous
jolais, in France.
from Scandinavia westward over the. British Isles, eastward to the tiJrals, and
southward almost to the parallel of 50°. The ice spread over nearly 55° of
longitude, which is 100 more than was true in North America between the
coast of Labrador and the Cotean des Prairies; but the degrees are much

shorter, as the southern limit of the area lay 10° to 13° farther north than
the North American.
This difference in southern limits corresponds with
the existing difference in time positions of isotherms on the two continents.
The glacier did not cover England south of the Thames, nor any part of France.

Brussels and Dresden were near its limit.
Time accompanying map (Fig.
J.
on
Geikie (from his paper
The Glacial Succession in Europe,
1552), by
Soc.
shows,
the
Edwb., 1892)
Roy.
by
paler shading, the supposed limits
of the ice during the time of maximum glaciation, and by the darker color,
those during the epoch of the later Baltic glacier.
The glacial drift crossed the Baltic from Scandinavia eastward and

southeastward over north Russia, the Baltic Provinces, and Moscow, reach
ing nearly as far south as Kieff; and southward over Denmark, part of Ger

It spread southwestward over the Faroe and Shetland
many, and Poland.
Islands and to the coast of Norfolk, in England. The distance of travel
varied from five miles, or less, to 500 or 600. There is evidence also of trans
portation toward the Polar regions.
In Great Britain, the movements were mainly in the direction of the
slopes of the mountains and their valleys, the drift radiating from different
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centers, as the Highlands and. Southern Uplands of Scotland, the mountains
of the Lake country in northern England, and the Snowdonian heights in
North Wales; but only England received bowiders from Scandinavia.
30
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The height of northern Europe, if it was such as the fords indicate,
was sufficient to make dry land of the German Ocean (it being generally
under 500 feet in depth, and 800-1200 feet along the Norway coast) and
join Great Britain and Ireland to the continent, besides giving these islands

The depths of some Norwe
widely extended borders on the Atlantic side.
fords
from
2000
and
less
to
4020 feet.
gian
vary
The drift phenomena are exhibited on a grand scale about the
Alps,
Lines of stones and
especially along the valleys of the Rhone and Rhine.
gravel, and even great bowlders, have been traced (first by Professor Guyot)

from the Alpine summits about Mount Bane, by the valleys of the rfl.ieIt
and Rhone, to the plains of Switzerland, and thence over the sites of
Geneva and Neufchfttel to the Jura Mountains on the borders of France
and the declivity of this range, facing the Alps, is covered with the
howlders; one of them, the Pierre-a-hot, - a mass of granite
(or more
is
62
feet
properly protogine),
long by 48 broad, and contains about
40,000 cubic feet, equivalent to a weight of 3000 tons.
Moreover, the valleys of the Alps have their sides nearly horizontally
grooved or planed, to a height of 10,000 feet above the sea, or more than
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OO() feet aLit ive the ln'esciit Ul)PF Ii mit of till' ghuiers, or the level of any
existing adequate abrading agcticy. The l)OWI(1l!rS and scratches have been
traced leyoiid Geneva, even to Lyons, and to \'ieuue, in Daupliiué.
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A second epoch of glaciation is generally supposed in Europe to have followed a
period of depression liki' that of the C11-1 inplaiu i period, as mention( d beyond. .1. Geikie
itiakes flit- tnt iii tier if ( ; lacial ep t'lis in Europe five ; but four ci inlatitig from the epoch of
itiaxilnitin glaei:tt nut. Ilk his Ire Age, of 18(14, he recognizes in Great Britain six epochs,
two if them after (lie (.;rt'at, halt ii' glarier, or 4th. The firs: epoch in each case preceded
the il.'pnsit inn iii the ('romer Forest bed (page 927).
Bill, On' lofty mountains of Scandinavia - now in some peaks over 8000' in height and
glaeler.cover(tI, niul [lieu probably 11 ,tH)fl' or 12,000'- Were not far distant, so that the
glacial deposits 01 Great Britain might. well bear evidence of the fluctuating conditions
in the ice arising from uIt.shillcatit,ns of climate :LittI other causes. Oscillations in the
deposits from till to stratified gravels and the reverse may have required tin great length
,i time, and need no other cause. As l raptitkiit. i1 l tissia, says ( l94 ), The oscilla
tions of the fringe of a vast ice-sheet may account for the formation of the layers which
are tiescribetl as interglacial. The considerable changes which must occur in the direc
tions of flow of the ice-sheet may account for the crossing of stria and erratics, as well as
for the occurrence of interglacial beds." The deposits referred to as marking the intervals
are not such as would necessarily have demanded, in each case, a long period of time.
It is a remarkable fact that no ice-mass covered the low lands of northern
Siberia any more than those of Alaska.
But recent accounts report that
the I [igh Plateau of Asia, which stretches northeastward from the Hima
layas as an immense triangle having its summit at. Bering Strait, bear

unmistakable traces, where studied in the region of the gold mines, of having
been covered with thick sheets of ice. This is true of the border mountains
of the High Plateau, the Himalayas, the 'fian-Shan, the Altai, the
Sayan,
the Great Khingan, and others.
With these few data, time only plaus
ible ltvpothesis is that all of the High Plateau above 2000 feet to the
mirth. above 301)0 feet to the east of Lake Baikal, above !i000 feet in the
middle. portions, and still higher farther south, were covered with ice"
(Krapotkin, 1894).
Over the southward slopes of the Himalayas, evidences of glacier action
have been observed down to a level, 201)1) feet above sea level in the Kaugra
Valley; to 4700 feet on the southern slopes of the I)hohullith'; and to 5000

to 7000 feet in many valleys of Sikkimn amid eastern Nepaul.
They occur
also oil Motumt Antilihanus in Syria, in latitude 340 N, on the Atlas Moun
tains in northern Africa., and on Mount Kenya, a peak about 18,500 feet
high, not far from Kihma-Naro, in British East Africa.
In South America, indications of a great ice-mass are met with, from
Fuegia, as far toward the equator as the parallel of 37° S., and especially, as
Agassiz has shown, in the great valley between the main chain of the Andes
and the Coast Mountains, to the latitude of Coneepeion.
Besides, glaciers
had great extent about some of the higher summits along the Andes, and one
near the equator.
A. E. 1)ouglass, of the Harvard College
Observatory at
Arequipa, has reported the existence of glacial phenomena of great extent,
DANA'S 'MANUAL-G2
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including vast moraines, on the slopes of Charchani in southern Peru.
ciers existed in the Cordillera of Columbia about the peak of Cocui, 9,000 feet
In
high, and in the Sierra Nevada tie Santa Marta, 15,400 feet in height.
this region the decrease in temperature with altitude is now about 10 F. in
330 feet.
In New Zealand, glaciers descended along the so-called Alps on the west
side of the southern island, probably to the sea level. They were properly
local glaciers.
Captain Hutton states that in New Zealand the mountains

were 3000 to 4000 feet higher than now. There were glaciers also in the
Australian Alps about Mount Kosciusko in southeastern Australia, as re
ported by Von Lendenfeld in 1885, and
western Tasmania.

in

1893 by R. Helms, and in

CAUSE OF THE CLIMATE OF THE GLACIAL PERIOD.
A.

The cold climate. -1. The elevation of the land over the globe, and
especially in the higher latitudes, if a fact, as appears to be proved, is a
sufficient reason for a large increase of cold, and thereby of frigid winds;
and alone it goes far toward explaining the extension of a polar climate over
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the lower lands to latitudes where now the July temperature is 65° to 70° F.
2. This elevation would have made dry land, or a very shallow belt of
water, across the North Atlantic from Scandinavia to Greenland and thus
the Arctic regions would have been deprived of the large supply of heat they
now derive from the Gulf Stream.
The confinement of the circuit of the Gulf Stream to the middle por
tions of the North Atlantic would concentrate thus its heat, make a much
3.

warmer ocean, and produce abundant precipitation.
4. With abundant vapors for precipitation thus produced, and the conti
nents largely under a frigid climate, the snows which would have descended
abundantly, would have been distributed over different regions with some
reference proportionally to the ratio of precipitation; and this ratio would
have been the modern ratio, modified by the topographic and oceanic con
ditions then existing.
The cold of the Glacial period has been attributed to the loss of the Gulf Stream by
the Atlantic through the deep submergence of the Isthmus of Panama. But such a sub
mergence is not sustained by evidence in the region. Moreover, there is proof that the
Gulf Stream had the same effect on European climate in the Glacial period as now, in the
fact that the relation of the isotherms of the two continents was unchanged.
Croll's theory, which makes the occurrence of a cold period dependent on the eccen
tricity of the earth's orbit, is explained on page 254. It is objected to by American geolo
gists on the ground that the Glacial period closed, according to American geological facts,
not more than 10,000, or at the most 15,000, years ago (page 255), instead of 150,000,
or at the least 80,000, as the eccentricity hypothesis requires. According to this theory,
the cold epochs of the northern and southern hemispheres occurred 11,500
years apart,
or half the length of the precession cycle. J. Geikie, who recognizes six epochs of glacia
tion during the Quaternary, adopts the theory mentioned, and refers the times of the six
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epochs to as many precession cycles, during one period of maximum eccentricity, thus
putting several thousand years between the till deposits of successive epochs in the north
ern and also in the southern hemisphere. There is no evidence yet reported that the
Glacial periods of the two hemispheres were not essentially simultaneous in their epochs.
For a full appreciation of the views of Geikie, reference should be made to the recent
edition of his Ice Aye (1804), in which the arguments bearing on the question and on the
views of others are fully presented. Moreover, he gives a later map of the Baltic glacier
than that he published in 1892.
The merits of Croll's theory have been discussed mathematically and physically by
G. F. Becker (Am. Jour. Sc., August, 1894), with adverse conclusions, as follows -

"The summer of the eccentric period in the hemisphere of rigorous climate will be the
hottest possible, nearly 200 F. hotter, it. would seem, than that of the present time in tem
perate latitudes. Time evaporation would of course be immense. The heat gradient toward
the pole is also considerably greater than it now is, or than it would be at the time of zero
eccentricity. Hence the summer would be wet as well as hot. It seems to me, then, that
the period of greatest eccentricity would be most unfavorable to glaciation, the snowfall
being the smallest, and the summer rainfall the largest which can occur with the present
obliquity. It seems much less favorable than the period of zero eccentricity when time
winter cold is great enough to preclude much rain in the higher portion of the Temperate
Zone, while the temperature in the tropics is great enough to produce active evaporation.
It would be manifestly absurd to suppose equality of seasons sufficient to produce an ice
age ; but I am forced to the conclusion that, so far as eccentricity is concerned in the
matter at all, the smaller the eccentricity the more favorable are the conditions for glacia
tion." Considering the influence of the variation in the obliquity of the ecliptic, he states,
as a further result of his investigation, "that the combination of low eccentricity and high
obliquity will promote the accumulation of glacial ice in high latitudes more than auy
other set of circumstances pertaining to the earth's orbit. It seems to me that the Glacial
period may be due to these conditions in combination with a favorable disposition of land
and water. . . . All the indications seem to point to the conclusion that within 30,000 or
40,000 years conditions have occurred, and have persisted for a considerable number of
thousand years, which would have favored glaciation on the theory of this paper."
With reference to the return of the warmer climate which determined the departure of
the ice, the theory suggests that when the period of combined low eccentricity and high
obliquity of the apparent ecliptic was passed, the area of evaporation during the summer of
the glaciated hemisphere must have increased, and, at the same time, the temperature
gradient toward the pole must have become steeper. Both causes would have led to
relatively heavy, warm summer rains in high temperate latitudes. Such rains would
rapidly melt the ice-fields, making flooded streams.

The. amount to which the mean temperature of the globe was lowered
to bring on the conditions of the Glacial period was probably small. The
existing mean temperature has been thought. by some to be sufficiently low
for the result, provided the summers were cool, and excessively wet through
an increase of precipitation. This view is presented by J. 1). Whitney, in
his GIe)n(1te G/utnqes of Later Geoloqical Time (18S2). But it appears to be

more difficult to timid a cause for such excessive precipitation than for greater
cold. E. Bruckner, in a recent discussion of the subject, concludes that a
change in mean temperature of SO F. to 100 F. would be sufficient. The
lowering of the snow-line in Europe required would be not over 3000 to 4000
feet.

(Peuck's Geoyr. Abhandi., i.S90.)
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The amelioration of the cold, and the retreat of the ice-sheet. - Setting
aside Croll's theory, for the reasons already stated, the disappearance of the
cold and wet climate that was the occasion of the ice period is naturally
B.

attributed to a reversal of the conditions that produced it-that is, to a
subsidence of the land over the higher latitudes, and a deepening again of

the sea over the submarine plateau between Scandinavia and Greenland,
thereby restoring the Gulf Stream to its circuit in the Arctic regions.
But there

appears to be good evidence that the melting had made
great progress before there had been much subsidence of glacial regions.
The facts stated oil page 969 bear strongly in this direction ; for they show

that, however great the loss from melting and subsidence may have been,
the southward slope of the ice-surface continued, and the Mississippi drained
a large part of British America, even when the ice was making its last
moraine on. the northern borders of Minnesota.
These facts from the Continental Interior are sustained by others from
the eastern border.
It has been shown by N. L. Britton (1872), that the

Pine Barren flora of the New Jersey coast region formerly occupied Staten
Island and Long Island; and others have added to the range of its distribu
tion the southern shores of Rhode Island and Massachusetts, with the
A. Hollick has reviewed the facts (1893) and referred the
adjoining islands.
http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

northward distribution

of

this

southern

flora to

the period of Glacial
which
made
New
emergence,
Jersey, Staten Island, Long Island, with the
islands east of it and southern New England, continuous dry land.
The migration northward of the Pine Barren flora must have been
during
the later part of the time of high latitude elevation.
The flora was first
driven south by the ice, and long kept there. But finally, after the ice had

retreated from New Jersey it was again restored; and when the retreat
had made so great progress that the climate of southern New
England was
for
the
flora,
it
its
northward
right
It is thus proved
completed
migration.
that southern New England had a climate warmer than now,
long before
the alleged subsidence had
completed its work in southern New England.
These facts do not prove, however, that no subsidence had taken
place
in higher latitudes.
That of the submarine plateau between
Europe and
Greenland may have been so far completed as to have caused a
great modi
fication in climate. Each stage in the retreat was a contraction of the area
of perpetual frost, and a
widening of the range of tropical winds, ensuring
further encroachment.
In view of all the facts, it is probable that before
the subsidence had made large
progress, the ice-sheet had retreated to Cana
dian territory,
the
excepting
portions left about the higher mountains of
eastern and western America.
It seems also to be true that the conclusion of Becker, deduced from his
discussion of the question of Glacial climate, on
page 979, suggests the
right explanation of the initiation of the warmer climate and retreat.
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CHAMPLAIN PERIOD.
AMERICAN.

The Champlain period is so named from the occurrence of beds of the
period on the borders of Lake Champlain.
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'I'lie term Champlain was first used by C. II. I-Iitchcock, in the
Report on the Geology
of Vermont (1861), for the marine beds of the period
occurring along the lake, and for
similar beds in the St. Lawrence valley, as a substitute for the term, ' Laurentian
deposits,'' applied to the latter by Desor. The author, in a paper, in 1856, adopted the
latter name; but as Laurentlan was earlier given by Logan to a subdivision of the
Arclnean, Champlain was substituted in the first. edition of this work
(1863).
The prominent events of the period are (1) the
completion of the sub
sidence begun in the closing part of the Glacial
period; (2) the subsidence
over large areas, greatest to the north; (3) the
disappearance of the ice that
remained on the mountains and elsewhere within the borders of the United.
States, and finally from the Canadian ice-plateau,
completing the deglacia
of
the
tion
continent; (4) a change of climate to one even warmer than
that of Recent time; (5) the conversion of many of the southward flowing
streams, that were eroding streams in the Glacial period, into
feebly mov
and
streams,
and
the
of
imtg
lakes; (6) the rapid
feebly working
making
of
hills,
mountains,
and
growth
vegetation, covering
prairie regions with the
greatest of forests. A moister climate than the present is rendered probable
by the greatly increased surface of fresh waters in lakes and rivers over the
continent, as well as by the greater warmth of the climate.
The Champlain has been sometimes designated the Pluvial period, to mark
its contrast with the Glacial period.
THE SUBSIDENCE.
1. Kind of evidence. - Evidence of the subsidence is found on the borders
of the continent in elevated shore-hues of the Champlain period, as beaches,
shell-beds, seashore flats, rock planniatious or terraces; and over the interior
of the continent in the existence of lake-basins that were occupied by Chain

plain lakes, some of them exceeding in size any modern lake.
2. Amount over the eastern continental border. -The subsidence increased
in amount over eastern America from the south, northward, and also from.
the seashore, laudward. The difference between the level of the Champlain
period and the present as indicated by shore-lines, terraces, shell-beds, and
other evideiiee is about as follows at the places, mentioned : on the southern

shores of New England, near New Haven, 20 feet; shell-beds in deposits at
Sancati Head, on Nantucket, 80 feet; on the coast of Maine, as proved by
fossils, 150 to 300 feet; the upper benches at Mount Desert, Me., 270 to 300
feet (Shaler).
Along the north and south valley of the Connecticut, terraces increase in
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height northward, to 260 feet at a distance of 200 miles from Long Island
Sound.
Again, at the mouth of Hudson River, according to F. J. F[. Merrill, there
is evidence of a Champlain subsidence of 70 feet; 35 miles p the river, at
Croton Landing, of 100 feet; 50 miles up, of 180 feet; 140 miles up, about
Farther north the divide between the Albany plain
Albany, of 335 feet.
and that of the Champlain region, was evidently covered for awhile by fresh
water as stated by S. P. Baldwin; and hence the rise in level along the
Hudson may be regarded as continued along Lake Champlain.
A reduced
copy of a map of Lake Champlain of the
Champlain period is here inserted from

1553.
T(}'

/-73

J.

a paper on the terraces of the lake by
Baldwin (1804).
On the southern part
of the lake, at Benson Landing, terraces

1np1.i

extend

to 370 feet; at Orwell, 410 feet;

at Charlotte, Vt., near the middle of the
lake, 415 and 450 feet, and they contain
marine

shells;

at St.

north end, 500 feet.

Albans,

near

its

Marine shells occur
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in the terraces of the Vermont side to
Addison, or through the northern two
thirds of the lake, and at Plattsburgh on
the west side.

rue

)i (
f.iA1tth.
Crown rLi
tcoudt.gR

On the St. Lawrence, near Montreal,
30 miles distant in a nearly north direc
tion from Lake Champlain, shell-beds

I
Mid la-,,
i'
lm

44_

occur at 520 feet; and up the St. Law
rence, according to Dawson, nearly to
Lake Ontario,
at 600 feet.

- --

vest of Lake Champlain,
The increase in the height

of the terraces northward, as well as land
ward, is here apparent.
But these heights of beaches and ter

Benson
RU land

races represent but a small part of the
actual change of level.
For the land in
the preceding period stood higher than
now.

Map of Lake Chnrnplth in the Champlain period
(transversely lined), with the existing lake
(cross-lined).

Adding to the above the minimum
estimate of that elevation, the actual
amount of subsidence for southern New

England is 160 to 170 feet; for the coast
of Maine, 1000 feet or more; at Montreal, 1500 feet at least, and 1200 feet or
more for the Lake Champlain region.
A similar addition is required also
for the deductions from the heights of all terraces and beaches, including
those of the region of the Great Lakes.
The facts prove that ice barriers
were not concerned in making limits for the lakes; for the ice had retreated
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to the north of the,], ; that salt water reached up the St. Lawrence, then
a great bay, nearly to Lake Ontario, and that this lake lay at sea level,
receiving the tides, although freshened in its waters by the flow from the
contributing streams, so that no marine remains have been found on its
borders.
It also appears that a great branch bay extended from the St.
Lawrence northwestward up the Ottawa valley, to a point 75 miles beyond
the city of Ottawa, and another southward over the region of Lake

Clianiplain.
loreover, this great arm of the sea, 500 to 600 feet in depth of water at
Montreal, and 700 to 900 feet in Lake Champlain, besides nurturing Mollusks,
was a sporting ground for Seals, Morses, and Whales. Bones of the Hump
backed Whale, ifegapiera 1onpmana, have been reported by Dawson as
found 440 feet above the sea in the County of Lanark, 31 miles north of the
outlet of Lake Ontario; and remains of the White Whale, or Beluga (a
species related to the Porpoise), both along the St. Lawrence, and on the
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borders or Lake Champlain, in Vermont, where a skeleton was found. The
latter is the Deiphinapterus leucas (=catodon) or "White Whale," the
Beluga Termontana of Z. Thompson. These two Arctic species, the Hump
backed Whale and Beluga, are now occasionally met with in St. Lawrence
River.
At New Haven, Conn., an even slope of the terrace surface is continued to the Sound,
near Savin Rock, and appears to indicate no change of level since the Champlain period.
But on the borders of the bay, both the eastern and western, there is a terrace of 20',
which is safer evidence on this point.
South of Cape Cod, at Sancati Head on Nantucket, the beds above sea level, as
described and represented in a section by Desor (1849), consist, at base, of tilted beds of
clay; horizontally above, of 33' of beds of sand, gravel, and clay containing fossils; 42' of
sand and gravel without fossils; and then, at top, of 1 of peat and 6' of dune sand. The
species of shells in the beds, according to Verrill (1875), are kinds now inhabiting the
region, those of the lower beds indicating a summer temperature of 700_750 F., and those
above, of 55°-60° F.
lialer gives a full account of the geology, with Verril's list of
in
Bull.
53,
U.
,S'.
f. 8., 1880.
species,
In Maine, shell-beds occur at many places near the coast-at Portland, Cumberland,
- Brunswick, Tlwmaston, Cherryfield, Lubec, Perry, etc., at different elevations up to 225'
also distant from the coast., at Gardiner, Hallowell, Lewiston, Skowhegan, Clinton Falls,
and Bangor. At, Lewiston, a starfish and various shells were found in a bed 200' above
the ocean and 100' above the Androscoggin River; at Skowhegan, the beds are 150 above
the ocean, and 100' at Bangor; near Mount Desert, a sea bottom deposit, on North Haven
Island, is 217' above sea level.
The beds of Maine have afforded (Packard) : Pholas crispata, &txicaua arctica,
411!/a tm ,i.cata, if. arenarui, 'J'h1.aia Conratli, ]facom.a frayilis, if. sab ulosa, .2lIaetra ovaUs,
.1starte Banks/i, A. ellij)tie(l, J. (ir('tC(7, Gardiuni island/earn, Serripes (nlanciicns,
Leda pernula, L. win uta, )')ldui qlaeutiis, Peeten Grn'nlandkus, P. Islandicus, Nat/ca
cla.usa, Lunatia heros, L. Grw,,,iandica, etc.
Shell-beds occur at several levels and many localities, along the St. Lawrence, as
observed by Logan and Dawson. Part of them, as Daw'.son has shown, are sea beaches, and
others are offshore deposits - the Leda clays. Beds occur west of Montreal, near
275', and
also near
ville, at a height, of 250'; near
near theK city of
Ogdensburg,
.
t
p
m Brockvillc;
e
800'
in
270'
in
Lochiel, 204' and 290' ; at Hobbes
Ottawa, 450' ; in Winchester,
;
;
Ketiyon,
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FaUs in Fitzroy, 350; at Duiham Mills, 289'; in the counties of Tlenfrew, Lanark, Carl-.
ton, and Leeds, 425'; east of Montreal, near Upton Station, 257'; farther east, on the.
river Goufire, near Murray Bay, 130' and 300' ; on Prince Edward Island, Tellina (rii
landka, at a height of 50'. At the Straits of Belle Isle, Labrador, the deposits, on either
side, are about 400' above the sea; at Chateau Bay, 500', probably 800' in some parts.
(Packard) ; and at Nachvak, 1500' (H. Bell), where there are shell-beds. In Lake Chain
plain, the shell-beds extend to its southern extremity.
The Leda clays of Dawson afford species living now at depths less than 100' ; the lower
Leda clays containing Tellina Grnlandwa and Leda arcticcc; and the upper, species
that are now living in St. Lawrence Bay. Of the higher sand-beds, &txicava ruqosa
is the common species.
The more common shells of the Montreal beds are the following (Dawson) : Saxicava
arctlca, Mya truncata, M. are naria, Macoma ragills, At. sabulosa, Astarte Laurentiana,
.Jlytiius edulis, Vatica clausa, Yoldia glacialls, Trophon clathratum, Buccinum Grn
landlcum;
Among the species at Beauport, there are the following: Lunatla Grniandica,
L. heros, Turriteila. erosa, &alaria Gra'nlandiea, Litorince pailiata, Serripes Grn
landicus, Cardiuni Islandicum, Pecten Islaiulleus, Rhy ncho neila psittacea, and many
others. All are cold-water species, so that the fauna is more Arctic in character than that.
of Montreal, corresponding with the fact that Montreal is 150 miles northwest of Beauport.
(Dawson).
The Capelin (Mallotus villosus City., a common fish on the Labrador coast) has been
found fossil on the Chaudière Lake in Canada, 183' above Lake St. Peter; on the Mada
waska, 206'; at Fort Colonge Lake, 365'.
On the Bay of Fundy the shell-beds have a height of 200-225', and on the Bay of
Chaleurs, 2001. The beds descend below the sea level. The Leda clays of the latter
region contain Leda minUta, L. pernuia, Mya arenaria, dlI. truncata, 3iytilus edulis,
Nucula tennis, Saxicava rugosa (most common), Macoma caicarea, Yoldia arctica (Leda
truncata), Buccinuni unclatum, Margarita striata, Aratiea clansa, Serripes Grnlandicns
(abundant), and. other species (Chalmers, 1885). The Saxicava sand in the Bay of
Fundy contains Mya are naria and Macoina fusca; but shells are rare.
On the coast of Labrador, the elevated Champlain beds contain mostly the same
species, both those of the Leda clays, and the overlying beds. Among the species less
abundant farther south, or not at all, are Gyciocardia borealis Con., Astarte Ban/csii,
Margarita varicosa, Turritella reticulata, T. erosa, Aporrlzais oceidentalis, Admete yin
dula, Bela exarata, B. harpularia Adams, B. rohusta Pack., B. turricula, Fusus tornatus,
F. Labradorensis Pack., Buccinuni undatu in. (Packard.)
On Grinnell Land, in the Arctic seas, shell-beds resting on Miocene have an elevation
of 1000', and contain the usual cold-water species, M,a truncata, Saxicava rugosa, Cardium.
Islandleurn, Astarte borealis, Peeten (Jrwnlandicus, etc. (Feilden, 1877.)
The paper on the Lake Champlain region, with a map by S. P. Baldwin, is contained
in the Amer. Geol., xiii., 1894. Baron tie Geer (Proc. B. N. H. Soc., xxv., 1892, Amer.
Geol., xi., 1893) gives 058' for the marine limit at St. Albans; but Baldwin concludes
that the terrace at this level was that of a glacial lake.
3.

Amount of subsidence over the Western continental border. - In the re
gion of Mount St. Elias, according to Russell, deposits of moraine material 4000'
to 5000 feet thick occur in the Chaix Hills; and the cliffs of Pinnacle Pass,
at the same height, contain shells of the Champlain
species M,ia arenaria,
.Mytlus edulis, Leda minuta, Cardluin isiandicum, Yoldia limatula, Thracia
curta, and others.

B. Willis has reported that marine beds are found at a
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height of 1600 feet on the borders of Puget Sound, but nothing is further
known with regard to the formation.
G. M. Dawson states that beds,
marine,
occur
at
Queen Charlotte Islands and along the Straits of
probably
Georgia at a height of 100 to 200 feet.
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Between San Francisco and San Diego, shore-lines and terraces have been observed
by A. C. Lawson, at various levels up to 15001; but no marine fossils are present, so that
whether Quateruary or Pliocene is uncertain. The heights measured near San Diego are
from 160' to 70()' ; on San Pedro Full, 120' to 1240' ; on San Clemnents Island, from 12' to
15001 ; the Bay of Monterey, near Santa Cruz, from 06' to 1201, part of them showing
grandly from the bay. Moreover, the Pliocene, near San Francisco (page 802), has now
a hieihit. of 720' above sea level.
About time mountains of the Interior Plateau of British Columbia, as stated by G. M.
1)awson, there are extensive terraces 5000' to 5599 above sea level ; and in the more
southern part of the plateau, of 31)00' to 4900'. But they afford no marine fossils, and
their origin remains unexplained. 1)awson questions whether they may not have been
made by superglacial lakes.
The depths of the submerged river channels of the California coast (page 049) indicate
an equal subsidence of the region, if the channels were made, as is believed, during the
Glacial period.
4. The TVinnipeg-Lake basin., in the Central Continental Interior, and Hudson.
Bay. -The former discharge of a river from 550 N. in the 'Winnipeg region,
down the Minnesota into the Mississippi, as first made known by G. K.
Warren, is mentioned on page 947. Later, as the same authority pointed
out, the region then elevated had subsided and become the area of a vast
lake.
The outline of this lake, and the region of lakes it covers, are. shown
on the map, Fig. 1548, from the report by U'phani, who named time lake, Lake
Agassiz. Its waters extended, according to the map, frommi the Minnesota
divide at Traverse Lake in 4° 40', over the Red River and Winnipeg region,
to 55° N. in Manitoba, nearly half of the whole length, 700 miles, being in

Minnesota.. The upper shore-line, called by Upham the Hermaun Beach,
was traced from Lake Traverse, where it is 85 feet above this hake, and 1055
feet above sea level, northward for more than 300 miles, where the height about
the Brandon Hills is 1260 to 1269 above sea level, and about 560 feet above
the present level of Lake Winnipeg. This shore-line indicates, therefore,
The Herman Ii
a great Champlain depression for the region about Winnipeg.
of
six inches a mile near Lake Traverse, to
Beach rises northward at a rate
16 inches to the northward, bearing evidence, inasmuch as the lines were
horizontal when made, of a subsequent elevation that increased northward,
the time of which was probably at the opening of the Recent period.
Warren accounted for the non-discharge o the great lake by the present
outlet, Nelson River, into Hudson Bay, on the ground of a land barrier; and

his explanation appears to be sustained by the course of events of the period.
For, if the region of the Laurentide ice-plateau about Hudson Bay was
elevated 3000 feet or more in the Glacial period, the continuation into the
early hart of the Champlain period of only a small portion of this elevation
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would make all the barrier needed.

The pitch of the land about Nelson
River is now eastward, and the rate about two feet a mile.
Uphain sets aside the idea of this change of level, and makes the lake and
the southward discharge the result of a damming by the ice-sheet along the
northeast border of the lake.
For details of his observations and his view
of the events of the period, the reader is referred to his elaborate report
On the slopes leading down to James Bay, the southern
already mentioned.
extremity of Hudson Bay, marine deposits occur up to a height of 450 feet
above the level of Hudson Bay, indicating that the Hudson Bay region finally
lost all its elevation, and became, further, much depressed.
This is part of
the evidence presented by Upham to prove that the ice-dam was required.
But there is doubt whether the retreating ice would have long remained a

barrier under the warm climate of the Champlain period.
5. The region of the Great Lakes. - Lake Ontario, now 247 feet above the
sea, was in Champlain time at sea level, at the head of the long St. Lawrence
But the northern and southern shore-lines are
Bay, as already explained.
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widely different in height, owing to the warping of the surface in the later
reëlevation.
North of the middle of the lake, the height above the water
surface of the prominent shore-line or beach (called the Iroquois beach by
Spencer, who mapped its position) is 355 feet, while south it is 189 feet,
whence the increase in height northward is 166 feet in a distance of 60
miles.

At the east end of the lake depression, the corresponding heights
are 483 feet at Watertown and 194 near Rome, an increase northward of 289
feet in 60 miles.
The depth of the lake at the time was nearly 1000 feet
equal to the present depth, 740 feet, Plus the mean height of the opposite
shore-lines.
(The positions of these upper shore-lines are given on the map.)
Westward along the lake, the height of the upper shore-line decreases,
and at the west end, 200 miles distant from the east, it is only 116 feet - a

diminution from Watertown of 367 feet in 200 miles.
Lake Erie is now 326 feet above Lake Ontario, or 573 feet above sea
level. The height of its upper shore-line south of the lake, at Cleveland,
is 213 feet; and that of the upper, north of it (the Ridgeway beach of
The heights increase eastward.
The upper
Spencer), is 273 to 351 feet.
at the west end, near Fort Wayne, is 207 feet, and toward the east end, 261
feet.

The mean height of the upper line south of the lake is about 200 feet,
and the same is true as regards the southern shore-line of Lake Ontario.
The fact suggests the inference that the
heights of the two lakes may have
had the same difference then as now.
Through the subsidence the lake lost
its outlet to the Ohio
the Wabash River, which had served this purpose,

becoming a tributary to the lake.
Lake Superior is now 602 feet above sea level, and Michigan and Huron,
582 feet.
The latter lakes are but nine feet above Lake Erie.
On Lake Superior, the upper shore-line of the north side has a height
above the lake at Josephine Mountain - 50 miles west of Thunder
Bay
according to A. C. Lawson, of 509 to 607 feet; at Duluth, the west end, of 534
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feet; and that of the south side, according to J. B. Taylor, at Marquette, a
height of 588 feet; at Kimball, 90 miles east of Duluth, of 568 feet; and at
Maple Ridge, 25 miles east of Duluth, of 532 feet. The observations, es
pecially those on the north side, are not numerous enough to give the mean
height, but it is not far front 550 feet. The outline of Lake Superior, which
these shore-lines indicate, is shown on the map, as laid down by Taylor.
East of Georgian Bay, on the Nipissing Strait at North Bay, Ontario,
Taylor obtained, on the south side, the terrace height, 618 feet above the
level of Lake Superior, and on the north side, 538 feet.
At the south end of Lake Michigan, the height of the upper shore-line
is only 45 feet; at Mackinac Island, in northern Michigan, 205 feet; south
west of Huron, 267 feet.
These heights of the upper shore-lines of the lakes-Superior, Huron,
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Michigan, and Erie-are widely different, yet they are supposed to have
been the heights of the upper shore-line of one great lake, named by Spencer
Lake Warren, after G. K. 'Warren.
The mean height of .550 feet above the lake, or 1152 feet above sea

level for the shore-lines of Lake Superior is not the height to which, in the
Champlain period, the copious waters of the period raised the surface of the
lake; but that which was given the region at the epoch of elevation which
closed the Champlain period. So great a height for Lake Superior without
a barrier at the outlet to Huron and Michigan was an impossibility. Lower
shore-lines exist which mark successive levels in the waters of the Lake
Warren region during the progress of the elevation ; and an upper series of
these, about Huron and the more western lakes, is the Algonquin beach of
Spencer.
There are various opinions as to the actual height of Lake Warren above
sea level, and as to the discharge of its waters. Discharge by Lake Nipis
sing into the Ottawa and St. Lawrence has been suggested. The uncertain
ties involve the condition of Niagara Falls.
The present heights of these shore-lines above the sea for the four western lakes
supposing the shore-lines assumed to be cotemporaneous to have been actually so -are
1100' to 1200' for Lake Superior; about 787' for Mackinac Island, between Huron and
Michigan 850' for southwest Huron ; 630' for the south end of Michigan, and 775' for the
south side of Erie. As to actual Champlain heights, that is, heights before the elevation
at the close of the Champlain period, no good basis for a conclusion is known except for
Lake Ontario, which was at tide level.
Supposing the height above sea level of the water plane of the combined four lakes to
have been 000', the Superior shore-lines would have had less height than now by 550'
the Mackinac and Huron by 187' and 230'; the south Michigan by 30', the south Erie by
175'. But with the water plane at this level, Niagira, if in the course of discharge, would
have had a fall of 600' - a condition not in accordance with any observed facts.
Again : if the water plane of these lakes were about 3001 above sea level (not far
from the present height of Lake Erie above the level of Lake Ontario), Niagara Falls
would have been like the modern Niagara in height, but possibly a third higher, and cer
tainly of many times greater volume and power, owing to the northern drainage from the
melting ice-plateau.
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Again, if the water plane were at or near the sea level, as is sometimes claimed,
Ontario would have been in the combination, and there would have been no Niagara Falls
until the elevation at the opening of the Recent period. The idea that it was low enough
to receive salt water is set aside by the absence of remains of salt-water life.
As the above suppositions suggest, the subject has its many doubts; and they extend
to Niagara Falls as well as to lake levels. Many, therefore, are the diverse geological ex
planations. The above are only suppositions. For other recent views, see C. K. Gilbert's
History of the .iViagara River, Smithsonian Report for 1890; .1. W. Spencer, Amer. Jour. Sc.
for 1891 and 1894; W. Upham, ibid., Jan., 1895; and F. B. Taylor, ibid., April, 1895.
Lake Ontario has been supposed to have had an outlet in Champlain time, from its
southeastern extremity at Rome by the Mohawk River to the Hudson, on the ground that
the St. Lawrence at the mouth and elsewhere was under the border of the ice-sheet; and
it has been stated, in opposition, that the Mohawk flows over a rocky bottom at Little
Falls, at a height of 370' above the sea. The shell deposits on the St. Lawrence near its
mouth at a height of 600 feet, are evidence that the ice had disappeared; so that its
mouth must have been open for the discharge of the lake. But still, since the Chain
plain depression at Rome was 1941, directly east at Albany near 350', and along the St.
Lawrence 500' to 600', it is possible that all northern New York to and beyond the
Mohawk was sufficiently depressed for the more southern discharge.
In reply to the suggestion that Lake Superior and others in the combination may
have discharged through Huron and Lake Nipissing into Ottawa River and thence to the
St. Lawrence, it has been stated that the channel beyond Lake Nipissing, along Mattawa
River, has no appearance of having been the course of a stream larger than the present
(A. Barlow, in letter from G. M. Dawson). The height of Lake Nipissing is only 40' above
that of Lake Superior, and the highest land farther east is but 25' above this, while the
height at the confluence of the Mattawa and Ottawa is 6' below the level of Superior.
Lakes of the Great Basin. - Among the flooded lakes of the Glacial
and Champlain periods none have greater interest than those of the Great
Basin. The largest of them are: the expanded Great Salt Lake of Utah,
or Lake Bonneville, as it was named by Gilbert in 1876 in honor of
Captain
Bonneville, who gave the first account of the existing lake after a visit in
1833; and Lake Lahontan, so named by C. King, in 1878, after the explorer
La Hontan. The former lay against the eastern side of the Great Basin;
and underneath it were Lakes Provo and Sevier, as well as the Great Salt
Lake.
Great Salt Lake was quadrupled in length and increased in its waters

400 fold.

Lake Lahontan covered the localities of
many small lakes along
the western side of the Great Basin. Lake Bonneville is described at
length
by Gilbert (1890), and Lahontan by King, and also later by 1. C. Russell
(1885). The lakes, as defined by Gilbert and Russell, are shown on the map,
Fig. 1548.

There are a number of terraces about both
regions which mark the
shore-lines of the former greater lakes.
The highest terrace of Lake Bonne
ville shows that at maximum flood the water stood 1000 feet above the
existing level of Great Salt Lake.

The occurrence of two sets of terraces, and of two sets of
deposits in the lake area,
one of clay and another of marl, indicate,
to
Gilbert,
the occurrence over the
according
Great Basin, in the Quaternary era, of two
epochs of floods, and of a dry interval between
in which the level of the lake was reduced
from 1000' to 200' above the present level.
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King and lltisF4ell deduced nearly corresponding conditions from the region of Lake
Lahontati. They describe large depositions of tufa during a warm interval of evapora
tion and a second deposition during the final desiccation. The latter produced, besides
sonic tiuta, a mineral which became changed to calcium carbonate (thintilite of King,
page 183). Lake Mono and other lakes in the Basin experienced similar changes.
The Great Basin owes its existing dry condition to (1) the feeble amount of annual
precipitation (less than 8 inches, according to Schiat's chart) and (2) the great evapora
tion caused by the high temperature of the region. The precipitation would have been,
even in the Glacial period, relatively small ; but the temperature then was cold, to freez
ing, and consequently evaporation became relatively small. It is thus argued that the
lakes of the Great Basin were swollen during the times of Glacial cold, owing to the dimin
ished evaporation and some melting ; that floods from the melting at the time of the
Glacial retreat would have added largely to the waters and carried them up to a state of
inaxinium height that the waters would have diminished during the following return of
glaciers over the neighboring mountains ; and then would have reached a second maximum,
when melting again made floods under the warm climate and abundant precipitation of
the Champlain period. The floods having passed, a drier climate ensued; and that is
still contiiued.
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EROSION, TRANSPORTATION, AND DEPOSITION.
To Champlain history belong the events that occurred during the time of
land depression and warm climate of the Middle Quaternary. The work of
erosion, begun in the later Tertiary, and carried on over the continent and
about the newly lifted mountains and elsewhere by the ice and waters of the
Glacial period, was continued with great energy through the earlier part of
Champlain time; and the results are to be seen in the bold and crested
heights and deep caions of the Rocky Mountain region, and in deeply cut

gorges over a large part of the land. But later in the period, transportation
and deposition were the chief work of the rivers. There were also shallow
lakes about which Mammals congregated and left their bones in lacustrine
deposits. Peat beds and marshes abounded, and these have special interest
from the remains of Champlain life which they contain, especially the heavy
Herbivores which became mired in them in their efforts to escape from
pursuit. Cave deposits also have prominent importance, they having been
the resorts of Carnivores, Rodents, and other species, and containing also
bones of the various animals dragged in for food. And as the caverns
commonly occur in limestone, the deposition of stalagmite over the floor of
the cave has often enveloped in stone, skeletons and their fragments, with

other relies of the occupants.
Champlain seashores also have their deposits; and by means of their
numerous shells and other fossils of shallow-water and beach-made accumu
lations, they mark time limits, as already shown, of marine submergence in
many regions from which the sea is now excluded.
Fluvial and lacustrine deposits. - The Champlain subsidence diminished
the pitch of southward-flowing rivers. It sometimes reduced it to zero,
when lakes formed if there was room for them; and occasionally it reversed
the direction of flow in a stream.
Consequently it converted excavating
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rivers, which under the high slopes of the Glacial period had produced pro
found channels, into quiet streams that made fluvial deposits along the way,
and often, when in gentlest flow, still-water deposits.
It has been shown
that when Champlain time began, the ice had already retreated to the moun
tains, and, with this exception, had left New England and the states to the
westward.
Enough ice still remained, however, to give waters freely, and
some floating ice also, to the streams which had their sources near the
borders.
The absence of the ice sheet from the St. Lawrence valley after the mak
ing of the lower fourth of the deposits, is proved by the presence in the beds
of shells of Mollusks and relics of other species that lived in the waters when
the 100-foot level, near Montreal, was in progress; and also in Lake Chain

plain, when but 50 feet of the beds had. been laid down. Seals and Whales
would not have gone beneath the ice hundreds of miles for a Champlain
resort.
Moreover, since the St. Lawrence River makes four degrees of north
ing on its way to the sea, the evidence proves that the clearing from ice
extended as far north as the borders of Labrador.
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But it is important to remember that the river valleys were to some extent
the courses of streams in the Glacial period, and therefore that beds of the

Champlain period may rest on others of clay or sand which are Glacial in
Sometimes these fluvial beds of the Glacial period may
period of formation.
be distinguished by the presence of bowiders; but this criterion is not alto
gether safe, since floating ice of the Champlain period may have been the
source of the bowiders.
At the North Haven clay-pits, a few miles north of
New Haven, the stratiemilate clays contain a few bowiders two or three feet
in diameter; and it was in one of these clay-pits that the two bones of Arctic
Reindeer were found, mentioned on page 946.
The time of deposition was
probably in the earliest part of the Champlain period or the later of the
Glacial.

Deposits of clay appear to have been most abundant in the early part of
the Champlain period, after the subsidence had reached its extreme limit,
when the flow of the streams having a southward course was feeble.
The

later increase in the waters, raising the flood level, involved an increase in
the pitch of the surface, and therefore a quicker flow; and then sands suc
ceeded to the clays, and in many regions still coarser deposits, ending often
with the coarsest cobblestone deposits when the flood was at its height.
The stratification of the deposits hence varies from the most regular, or
that of gently-moving waters, to that which could form 01171i Ufl(ier a rait
simultaneous supply of qrai'ei or sand, mid water.
The /low-and-plunqe style
of deposition (page 93) is colninoll.
Ueds of this kind occur with others
of horizontal bedding, or somimetimes
locally in the ilIi(ISL of coarse gravel

deposits, such stony gravel not participating in it because of its coarseness.
Very often, also, the beds indicate that after deposition large portions had
been washed away by some local rush of the flooded stream, and that later
the excavations thus imule l)eeanie liii e(l.
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The tributaries of a river, when torrential, often carried into the
valley
great quantities of gravel and stones, and made river-border deltas on a
continuous series of levels, as the deposits rose in
height. The materials
thus received were stratified in part
by the waters of the river, the finer
taken
and
drifted on to make the finer deposits down
portions being
up
stream. The delta-like deposits give local coarseness and
irregularity to the
beds and somewhat greater firmness, so that, under erosion,
they sometimes
are made to stand out and look a little kame-like,
although strictly of
fluvial origin.
Under the abundant supply of water, the width of the flood
grounds or
river Bats in many large valleys became increased to miles, and in some

cases to scores of miles. Over such flood plains, through all the
progressing
deposition and varying velocities of flow in the river channel, there were, as
in modern flood plains, areas of relatively quiet waters, where beds of
clay
or fine earth were formed, giving the valley-formations a
great diversity of
constitution.
Further: rivers in some places became dammed by floating
ice and whatever else the waters transported, as now in modern floods; and
these dams were the cause of quiet deposits in the waters above them,
that is, of extensive beds of clay and fine sands or earth.
Through the two
agencies, subsidence and dams, and perhaps in a few cases elevation of the
land toward the mouth of the stream or elsewhere, nearly all the transi
tions in the nature of the fluvial deposits, from clays to the coarsest kinds,
have their explanation. The height of the highest flood plain gives approxi
mately the height of the maximum flood.
The Champlain deposits along valleys or about lakes are usually terraced.
A view of the terraces on the Connecticut below Hanover is given on page 195.
The following figure is a generalized section of a terraced valley.
1554.

J
Section ofa valley, with its terraces completed.
In this figure, the channel which the river occupies at low water is at R;
ab, alb', are the flats either side which become flooded in modern high
freshets, -in other words, the flood-grounds; f, e'f', are the flood-grounds
of the river (or what is left of them) during the great Champlain floods.
The intermediate terrace-plains are other levels, formed either during the
rise of the flood, the water while on the increase flowing long, it may be, at

certain levels; or during the decline, which also may have taken place by
stages, and have been long in progress. Part may be under-water levels;
for great streams and lakes, or lake-borders, often have shoals at two or
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part may have been occasioned by the contributions of
side valleys, and unequal resistance to wear. On account of this feature
the formation is often called the Terrace formation.
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On the Connecticut the upper flood plain or terrace is, for the most of the way, 150'
to 250' above the river. Large deposits of clay occur in the lower part, and others of less
extent at various levels to the top. The stream owes its abundant waters to the high
mountains about its sources, of which the White Mountains were the highest. The depth
of water may have been 50' or 100'; there is no basis for a satisfactory estimate.
Along the Hudson River the height of the upper terrace is 100' to 280', and finally
340' between Albany and Schenectady. As before stated, the heights increase to the
northward, where the Champlain subsidence was greatest.
The Connecticut River had a darn at the narrows below Micidletown, Conn., as the fall
off in the terraces below it shows; another, as stated by B. K. Emerson, near Northamp
ton, Mass., between the opposite trap ridges, Mount Tom and Mount Holyoke; and possibly
others. Just above the Northampton darn, where the upper terrace-plain is about 200,
above the river, a portion of the flood-waters escaped over the west bank near Florence,
passed to the west of Mount Tom, and took a southward course along the Farmington valley,
as the levels of the terrace-plain show, to New Haven, Conn., where it was discharged by
the bay into the Sound-resuming thus a route followed by the whole Connecticut stream
or estuary in Triassic time. An ice-dam, or drift-dam, closed a narrow gorge through the
trap ridge above Hartford, Conn., which was the channel of the Farm ington River, and
another deep gorge through sandstone above Cheshire, Conn., that of the Quinnipiac River,
so that the new discharge-course of the Connecticut secured the upper parts or heads of
both the Farmington and Quinnipiac rivers as its tributaries, and took possession of the
valley of the small stream called Mill River to reach the Sound. On the terraces of the
Connecticut valley, see the author's papers of 1870 to 1884 ; also E. Hitchcock, 1841, 1857
C. H. Hitchcock, Vermont Geol. Rep., 1861, and New Hampshire Geol. Rep., 1878; W.
Upham, New Hampshire Geol. Rep., and later papers.
W. B. Dwight states that at the clay-beds, near Newburg, north of the Narrows, the
clay fills large conoidal depressions in the sand-beds. One of the three there observed is
elliptical in section, about 80' by 50' in diameter at bottom, 150' in longer diameter at top,
and 90'-.lOO' in depth. The clay is straticulate, the layers concave, with the wall of the
mass rather firm; and the sand and gravel beds outside bend downward at the wall.
The clay contains a few bowiders.
In western Pennsylvania, plains of great extent have a height of 275' to 300' along the
Monongahela, and of 300' on the Ohio 5 miles below Pittsburg; their height above
the sea level is about 1060'. Nothing of marine origin, however, has been found in the
region to suggest the presence of the sea. On the lower Ohio occur terraces 160' to 100, in
height above the river. They exist also along the Mississippi in Kentucky, and farther
south.
Kettle-holes, although characteristic of many moraines, also occur at
times over the stratified fluvial deposits of the Champlain period.
An exam
ple occurs in the plain on which the city of New Haven, Conn., is built, one
to four miles north of the center of the city.
The terrace, formation of the
The small depressions repre
region consists chiefly of sand and fine gravel.
sented on the accompanying map. Fig. 1555, are the kettle-holes. They are
often 100 to 150 feet in diameter, and 30 to 40 feet
The ice had left
deep.
the region long before deposition of the beds had taken
On the map,
place.
the depression in the plain lettered Beaver Pond Meadows has a
depth of 25
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to 30 feet; and the kettle-holes are numerous along its borders. It was the
course of a deep trench made by the southward-moving glacier; and the
depression over the site of the trench was left in the sand deposits made in
1555.
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the trench.

The trench was too deep to be filled to the ordinary level of the
plain by the deposition of the sand and gravel, and hence its present depth
of 20 to 30 feet; and the kettle-holes, which border, blend with, and intervene
between them were probably formed under the same conditions.
(Pages

186, 193.)

ELEVATION CLOSING THE CHALAW PERIOD.
The elevation of the land which closed the Champlain period was of great
extent over North America. The. high level shore-lines already described
are the evidence, they inarkrng both the limit of the Champlain subsidence,
and the fact, though not necessarily the limit, of the following elevation. Not

the limit; for the present height of these elevated shore-lines is the final
height after whatever oscillations of level may have in the mean time
occurred. The movement may have earned the land up to a much higher
level and returned it to its present position without leaving any distinct
record.

The change in level was attended by a change also in climate, from a warm
climate to the cooler of modern time; but to a climate even cooler than now
if the level at the first was higher than now. It is certain that there was no
return of the ice-sheet; but evidence of less extreme cold may yet be found
about the local glacier areas of the Rocky Mountains, and possibly about the
White Mountains of New Hampshire.
DANA'S MANUAL- 63
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The facts reviewed show that the amount of elevation east of the Rocky
Mountains, over the northern half of the United States and the adjoining
It is probable that
part of British America, increased to the northward.
there was a region of maximum height along the Canada watershed south
of Hudson Bay; since the height of a shore-line on James Bay (Mo.) is only
But this single observation leaves the question doubtful.
The
general rule of increase to the northward holds over the Winnipeg region,
as is shown by the northward rise in the shore-lines of Lake Agassiz ; the
450 feet.

upper shore-line, or Herman beach, which at Lake rraverse is 85 feet above
this lake, or 1055 feet above sea level, has a height at the national boundary,
224 miles from Lake Traverse, of 123() feet, and 76 miles farther north, of
1315 feet (Upham).
The heights increased also from the Atlantic coast westward.

But there

appears to have been a maximum east of Lake Ontario, the heights, as has
been stated, diminishing 120 feet along the line of the lake between 'Water
The region may
town at its eastern extremity and its western extremity.
have been within the range of the Appalachian uplift of the period as
suggested by F. J. H. Merrill.
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How far the change in level extended south of the Great Lakes is doubtful.
The small elevation of the shore-line, 45 feet, at the south end of Lake

But south of lakes Ontario and
Michigan, indicates nearness to the limit.
Erie, the distance to the limit may have been two or three hundred miles
or more.
Through these changes, the Arctic, Labrador, Canadian, and New England
coasts gained much in extent, and so also some parts of the Pacific border.
Nova Scotia became again part of the mainland.
The beds of rivers flowing

south had their pitch increased to its present amount.
The river channels
within tidal limits were excavated to a deeper level, corresponding more or
less closely with the amount of elevation in the region; and this excavation,
as already explained, gave additional height to the bordering terraces.
Many
lakes were drained that had been made by the northward depression of the
land, thus carrying forward the drying of the continent that was commenced
with the subsiding of the rivers.

On the coast of Maine, there are large Indian shell-heaps of the comnion Clam (Venus
mereenarta, the Quahoq of the Indians) and, in some places, of the Virginia Oyster. spe
cies which are now nearly extinct on that cold-water coast. As iiiade known by Verrill,
there is a colony of living southern species in Quahog Bay, near Bath (20 miles east
of Portland), among which are T''izus mereenaria Linn., Jlodiila pliea(ulf i Lain., flyit
nassa obsoleta St.iinp., (Jrosalp!/nx eiilerea Stiinp., Creputula ,trn ieuta Lain.. Asterias
arenteola Stiinp., Eupuqurus ioJiqfr(f)J)1I. Edw.,
-l (tlIe1's, I"(11ii(hiI)g on" strongly, as
Verrihl says, of the coast fauna of New Haven, on Long Island Sound. Further, Venus,
Ilyanassq, Modiolu, and other species occur, according to l)awsoii, also in Northumber
land Straits, in the southern part of the (Inif of St. Lawrence. At the mouth of Dam
ariscotta Iliver, 30 miles east of Portland, there is the only locality of the living oyster
north of Massachusetts Bay. Shells of Oysters, Clams, and Scallops (time southern Peeten
rradians Lam.) are abundant in the deeper portions of the mud of the harbor of Portland.
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W. Vpham mentions (1891) the occurrence of similar warm-water shells in the
vicinity
of Boston. \V. F. Gaiioiig reports (1800) that similar shells have been found in Halifax
I larbor, Minas Basin, St. Mary's Bay, and on other parts of the Acadian coast.
These Species are relics of a past, soutlwrn population none of the shells are found in
;
elevated beaches ; and hence the migration from south of
Cape Cod took place in the
Recent period. Such a migration, extending t ii
St. Lawrence Gulf, was not possible,
unless the Labrador current had first been turned aside and a
;
closing of the Straits of
Belt Isle would have brought this about. This
an
elevation
of about 200 feet
implies
and it may be that the rise which introduced the Recent
period carried the continent,
to the north, to this height above the present level. In the
Champlain period of sub
si&leiiee the Straits were open, this being proved by the cold-water shells of the now
elevated beaches.
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FOREIGN.
Whatever the facts relative to interglacial
epochs in Europe, it appears
to be certain that after a long period of glaciation there was a time of
widely
extended subsidence, initiating a period of ameliorated
and
that
climate;
this period was similar to that of the
Champlain period, not only in this
subsidence,
but
also
in
initiating
marine deposits and other phenomena.
This period of subsidence in Europe had, like that of America, its sea-border
formations in Sweden and Norway closely like those of the coasts of Maine
and the St. Lawrence, even to the " Ledci clai,s" and " Saxifaca sands," and
its extensive fluvial formations along the river valleys. According to J. Geikie,
the submergence of Great Britain after the epoch of maximum glaciation was
probably 500 feet. This author inserts, as has been stated, a return of

glacial conditions, and then another interglacial before the Glacial epoch
generally recognized as the second; and estimates the subsidence of Scotland
A 100-foot terrace forms a wide
during this second interval as 100 feet.
plateau in the estuary of the Forth. The depression ten miles east of Glas
gow was at least 524 feet, as indicated by the presence of marine shells in

beds of clay, which are overlaid as well as underlaid by beds of till. The
marine shells present are those mainly of Arctic seas, like the St. Lawrence
species. Among them are Saxicava ruyosa, Pecten Isiandicus, iYatica clausa,
Troplion cliitliiatuin, olrla arc!fra, JIueonia sabulosa.
Northern Germany was submerged during interglacial time.
In Sweden
the. depression exceeded in some parts 600 feet. Near Uddevalla, in southern
Sweden, at levels or 200 to 400 feet, shells of M,a truncata, Saxicava ruqosa,

Asturte borealis. iVatica cia usa, Buccnun G'ra3nian4:icum, etc., are in great
abundance; and show thereby that the subsidence was of long continuance.
Erd mann Concludes that, at this time, the Baltic was connected with the North
sI ea, over the region of lakes from Stockholm westward, and with the Arctic

Ocean b a great channel leading northeastward over Finland to the White
Sea.
The Caspian and Aral were united and connected with the Arctic Ocean,
and so COfltinue(l to the close of the Champlain period. As in America, the
period was the time of flooded rivers and. lakes, and of the most extensive
freshwater formations in the world's history. Dupont states that with the
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close of the floods the flood-grounds of the river Meuse, near Dinant in
Belgium, were diminished in breadth from seven and a half miles to a fourth
of a mile; and this is an eam pie of the general change over
Europe.
also
had
rivers
dammed
and
sand
from
the
Europe
up by gravel
unlading
It
has
been
shown
that
the
Rhine
owes
its
channel
at the
glacier.
present
Fails at Schaffhavtsen to its having been forced out of an older one; and it
is probable that the Champlain period was the time of the change.
There is evidence in the remains of Mammals of Malta and Sicily that
these islands, and probably Europe, were connected at this time with Africa

and Britain, as the ice departel, retained for awhile its connection with France,
and gave passage across for the warm-climate Mammals.
While the cold
waters of the North Sea were thus shut off from the British Channel, warm
water species, from the coast to the south, were living in the channel.
The valley of the Rhine and those of its tributaries contain extensive
The material of the alluvium is mostly the lss,
deposits of Pleistocene time.
a fine yellowish-gray loam, much of it unstratified, - generally a little
calcareous from pulverized shells; and in some parts it contains
glacially
marked stones.
It rests in some places on stratified gravel or sand. Between
B1e and Bingen, this alluvium near Bale has a height of 600 feet above
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the river; and through much of it there are land and freshwater shells.
Similar facts are reported from most of the river valleys of Europe.
The

deposits on the Danube are as extensive as those of the Rhine; and Suess
states that stones occur in it that were probably dropped by floating ice.
in Belgium, according to Dupont, along the valley of the Lesse, and

others, the limestone caverns situated at the greatest elevations - 80 to 100
feet above the present river -are those which contain the older remains of
Mammals; and those below are successively more recent a their height is
less.

Moreover, the river alluvium shows that, when the upper caves were
inhabited, the valley was filled with water and river-border deposits, nearly
to the level of the cave.

Thus change is strikingly exhibited.
As Nikitin states, "the time corresponding to the 'interglacial epoch'
and the second glaciation of the Swedes was probably, for the greater part
of Russia., the epoch of the formation of the ancient lake
deposits, the lss,
and the upper terraces of the rivers, which constitute the principal repository

for the bones of the Mammoth and other extinct Mammals, which abounded
here while Scandinavia and Finland were still covered by the glacier."
In Europe, a reëlevation of the land at the close of the Pleistocene was
also a general fact; but the rise was great
enough to make a partial return
of glaciated conditions in northern
Europe and about the Alps, before a
settling down to modern levels and more genial climatal conditions.
The absence in North America of distinct evidence of unusual cold, as a
consequence of the elevation closing the Champlain period, is not proof that
some extension of glaciers did not mark the close of this
period in Europe.
For Europe has had glaciers ever since over the Scandinavian mountains and
the Alps, while in the glaciated
part of eastern America, Mount Washington
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is the only peak over 6000 feet, and but a very small part of it is as high as
this. The Scandinavian areas are in much higher northern latitudes.
Geikie's iiiap oil page 976 presents the views of many European geolo
gists with regard to the extension at this time of the Scandinavian ice. The
only countries invaded beyond the Baltic are Holland and northern Germany.
Russia was free. The evidence of the return consists chiefly in the occurrence
of beds of peat or of stratified gravels, sometimes with animal remains,
between deposits of till. In the Alps such intercalations are reported from
Dirnten in the Canton of Zurich, in St. Gall, and elsewhere ; and in some

places they contain bones of the Elephant, Rhinoceros, Cave Bear, and other
Mammals of the time.
Further evidence of a partial return of the cold consists in the occurrence
in southern France of remains of arctic and subarctic Mammals, among
which the Reindeer was prominent; whence the epoch is named, by Lartet,
the Reindeer epoch. The reelevation, before it was fully completed, cut off
the Baltic again from the ocean on the north and west; for, as Erdmann

states, while on the upper terraces the shells of the Baltic coasts include the
outside kind, Yoldia arctica, the open-sea species are all excluded from the
lower terraces, excepting a few Baltic kinds, of which the Mytilus is the most
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common.

LIFE OF THE PLEISTOCENE, OR THAT OF THE EARLY AND MIDDLE QUATERNARY.
It has been already stated that the Plants and Invertebrates (Mollusks,
etc.) of the Quaternary are, with a rare exception, living species, while the
Mammals are nearly all extinct. Another grand feature of the life is the
great size of a large part of the Mammals, Elephants far exceeding modern
Elephants, and the same with other Herbivores, and with many Carnivores,
The genial climate that followed
Edentates, Rodents, and Marsupials.

the Glacial appears to have been marvelously genial to the species, and alike
so for all the continents, Australia included. The kinds that continued into
modern time became dwindled in the change wherever found over the globe,
notwithstanding the fact that genial climates are still to be found over large
Moreover, it was during and after the final melting in the Cham
regions.

plain period, when the continents were everywhere dripping with water, that
the greatest of forests covered the hills and prairies, -forets that in the
present period could not be renewed without an impracticable amount of
artificial irrigation, and which hence, through forest fires, have given way in
America to prairies.

BRUTE MAMMALS AND INFERIOR SPECIES.
NoRTh

AMERICAN.

North America was prominently the continent of Herbivores; Carnivores
Time most widely distributed species and one of the
were relatively few.
largest was the Elephas primigenins. It ranged from Georgia, Florida,
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Texas, and Mexico on the south to Canada on the north, and Oregon and
California on the west, and lived also in Alaska and over the interior plateau
1556
--a, F
ji>"c
4(1 1

iiU 0i

\

J

'\

Tooth of Elephas Iiriuiinius (x ).

of British Columbia north of the glaciated
Moreover, it was au
area.
inhabitant of
Britain, o' nearly all Europe, and of northern
It was a hairy species, as some Russian
specimens have shown, and was thereby
fitted for life in cold-temperate latitudes.
The species was over twice the weight of
Asia.

the largest modern Elephant and nearly a
t-d
Iiii
t-allel
One of the teeth, froln Ohio

a fourth the natural size, is shown in Fig.
1556.
The American Elephant, excepting
the

variety

in

the remote northwest, has

been regarded until recently as a distinct
species and called Elephas Americanus. The chief difference is in the teeth,
the plates of enamel being less closely crowded than in the European.
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Another Elephant-like species, of still larger size, was the Mastodon
Aniericaius, a restoration of which,
the natural size, by Marsh, is given
in Fig. 1557.
Fig. 1558 represents one of the teeth, a fourth the natural size
1557.

Fig. 1557, Restoration of Mastodon Aniericanus (x

), by Marsh; 1558, Tooth of same (x).

lineally. 'rue remains of the species are met with most abundantly over the
northern half of the United States,
though occurring also iii the Carolinas,
Mississippi, Arkansas, and Texas.
They are Iouiid also in Canada and
Nova Scotia.
The best skeletons have beeii dug out of marshes, in 1011011
the animals had become mired.
'lii
skeleton here
figured was from a marsh
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in Otisvilh', Orange County, N.Y., and is now in the Yale Museum. One
bog in New Jersey hear lTatkettstown is reported to have afforded portions
of six skeletons.
When alive, the height must have been 12 or 13 feet, and
the length, adding 7 feet for the tusks, 24 or 25 feet. Remains of the
ninligested food have been found with the skeletons, showing that it lived
in part oil spruce and fir trees. J. Collett states that a skeleton found in
Indiana contained between the ribs "a crushed mass of herbs and grasses,
similar to those which grow in the vicinity " ; and the bed of clay contained

also some modern freshwater and land shells; and he concludes that the
extinction of the species must have been a comparatively recent event.
The Horse, Eqius exceisus, was a fit cotemporary, as Leidy observes, of
the Mastodon and Elephant.
Several other species of Equus have been
found in North America, showing that North America was abundantly pro
vided with Horses in Champlain time, though not having among them the
modern Horse, E. cahullus.
The Cerculces Anu!ricanus of Harlan, a species related to the Elk and
Stag, as the name implies, was of greater size than the famous Irish Deer,
Cervus giganteus. It had much larger legs and a very large head. Harlan's
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1559.

Antlers of Cervalces Amertcanus (x

Scott, '85.

and antlers, by 'W. B. Scott, of
specimen was from Natchez, Miss. The head
a spcimneii from Warren County, New York, are represented of reduced size
in Fig. 1.5t).
Bison laiii,ons L. was a Bison or Buffalo, much larger than the existing
Buffalo, which lived in the Mississippi and Ohio valleys, and over the
Southern States to Texas. There were also species related to the Musk Ox,
0vibos bombifrons and 0. ca vifron s.
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Gigantic Edentates, species related to the Sloth and Armadillo, of the
genera Megatherium, Myiodoii., Jfegaloiyx, Gi?/ptodon, and others were also
in the North American fauna, although "lost characteristic of South America.
Their remains have. been found at Natehez in Mississippi, iii Florida, and in
Georgia., South Carolina., Texas, Kentucky, Oregon, and elsewhere.
Remains of the

1feyatheriuin mii'abde of Leidy were found in Georgia,
at Skiddaway Island, and in South Carolina.
Jlegalonyx is another genus of
these large Sloth
1560
like animals.
Its
.
species occur over
the

.40'

:)

Panipas
South Anieric,
the

)
-

Straits

of

of

but the first
Ma-gellan;
known was found in
t
"l
Virginia, in &reen
brier

County, and
was named Megalo-
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Claw of Megalonyx Jeffersonli x Ii.
claws (Fig. 1560).
and elsewhere.

Its bones have also been found

nyx by Jefferson, in
allusion to its large

at Big-Bone Lick, Ky.,

A North American Myiodon, M. Harlani, has been found both east and
west of the Mississippi, and in Oregon.

Rodents were represented by the gigantic Gastoroides Oliloensis, related
to the Beaver (Castor Ganadensis).
The Beaver has a length, exclusive of
the tail, of about three feet; the Castoroides was nearly or quite five feet
long.

Its remains

have

been found in

New York, Ohio, and south to

Mississippi (Natchez).
The Peccary, Dicotyles nasutus, has been found near Squankurn, N. J.,
and in Virginia.

Among Carnivores, a Lion, Felis cftrox, from Natchez, was about as large
as that of Britain. There were also Bears, as the
sus anplidens of
Leidy, from the same locality, and the Arctotherium simum of Cope, from
Shasta County, Cal.
The Equns beds of Marsh
(1877) are deposits of Pleistocene Mammals,
occurring over various parts of western North America, from Mexico and
Texas to Oregon and western Nebraska.
It has been questioned whether
were
)lot
of
later
they
Pliocene age.
Many have afforded remains of four
of
species
Equus, Elephas priiniqe ius, Mastodon, Jfeqatli er,da', Olyptodon,
Mctc/iceroci,s (Sm ilodon), and other kinds.
The marine species of the St. Lawrence and the borders of Canada and
New England, in contrast with the terrestri:ih, were kohl-water
species,
and show that the Straits of Relle Isle, between
Newfoundland and Labrador,
were very widely opeimed by the smil )sildn('e of the ( 'ha iii 1:i Ii H1'iO(l
I
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Fig. 116i represents the hones of the head of the Vermont Cetacean,
Deiphinuplerus leucus, mentioned on page 983 as frequenting the expanded
Champlain Bay of the time. It was probably about 14 feet in length.
1501.
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Daiphinapterus Icuens (x ).

Z. Thompson, 188.

The Equus beds, in central Kansas, McPherson County, have afforded (1891) Equus
major arid a species of Megalonyx (M. Leidi Lindahl). The beds consist of gravel, sand,
and clay, with a layer of fine sand marl above, and indicate shallow water and marsh con
ditions. In the Smoky Hill Valley, the beds contain remains of Elephants, Horses, Dogs,
Camels, and Platygonus; similar remains are found in the valley of the Saloinon
(Williston).
In a forest bed, overlying the Erie Clays (page 972), and covered by stratified sands
and clays, Newberry found remains of the Champlain species of Mastodon, Elephant, and
Casto roides.
Bones of Elephas or Mastodon, Equus, an Ox, Llama, occur in gravels of the
Lahontan basin, Nevada.
Florida has afforded, according to Leidy, from the Alachun Clays of Archer and
Ocala, remains of L7'phas Coluinbi, Mastodon Fiorkianus, Rhinoceros proterns, hippotlieriuin in/enuum, Aurhenuz major, A. minor, Maehcurodus Floridanns, etc. ; and
froni the Peace Creek beds, Manatee County, several of the above species, with Equns
fraternuS, Bison America nus, Megalonyx Je(rersonii, and a species of Glyptodon scarcely
(list iI1UiSllable from a South American form. Some mixture of Quaternary with earlier
species at these localities is suspected. In Cuba, De Castro found the hones of a huge
Sloth, later named Mcqaloenus rodens by Leidy ; and from the caves of Angitilla, one of
the Windward Islands, have come a gigantic Rodent related to the Chinchilla, as large
as the Virginia Deer, Amblyrhiza iuuiidata Cope, besides other species of the genus.
The facts point to a Quaternary connection of Florida and the Western Islands with
South America.
A vertical opening in the limestone strata at Port Kennedy, eastern Pennsylvania,
(leseribecl by C. M. Wlieat.ley, has afforded remains of a large number of species of
extinet Mammals, the animals having fallen into it as into a trap. As identified by Cope,
the bones l)ehmi to 14 species and 72 individuals, and include 2 Tapirs (T. Americanus
L. and T. !Iai/sii', a Bear ( Ursus pristinus), a Fells, an Ox, a Horse, the American
Mastodon, several species of Me.qalonyx, one of Mylodon, 31. Harlani Owen, several
Rodents, and a, Bat; Cope observes that ii were warm-climate species, and 3 North Ameri
can Arctic.
A cave in WTythe County, Va., and another near Galena, Ill., contain some
extinct species along with others that are living. In another near Carlisle, Penn., Baird
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found bones of all the species of Mammals of the state, besides one or two other species
not now Pennsylvanian, but known in regions not far remote ; as a general rule, the bones
of the cave appeal' to indicate that the size of the species exceeded that at the present
time.
In westerti Canada, Chapman has found remains of the modern Beaver, Muskrat,
Elk, and Moose, in stratified gravel which contained also bones of the Mammoth and
Mastodon.
At Kotzebue Sound have been found Equus major, i ices Americanus, Ran gifer
caribou, Ot'ibos moschatlls, 0. maximus, 0. cavifrons, Bison erasszcornis (= B. antiquns
Leidy), but no Mastodon remains.
The Quaternary deposits have afforded Marsh remains of the Birds, Meleagris altus
Mh., and M. celer Mh. (Turkeys), from New Jersey; Grus proavus Mb., ibid. ; and
Catarractes affinis Mh., from Maine.
SOUTH AMERICAN.
In Smith America, over 100 species of extinct Quaternary quadrupeds
have been made out.
The bones occur in great numbers, over the prairies
or pampas of La Plata., in the "Pampean" formation, and in the caverns
of Brazil; and they include thirty or more species of Rodents (Squirrels,
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Beavers, etc.), species of Horse of the genera Ilippiclium and Equus, Tapir,
Lama, Stag, Dicotyles; species of Macraue/ten ía ; a Mastodon different from
the North American; Hjena; Wolves; half a dozen Panther-like beasts,
which occupied the caverns of Brazil ; and, among Edentates. Ant-eaters,
12 or 14 species related in tribe to the Jiegatheriuni (Sloth tribe), and a dozen
or more related to the Arniadlilo and Glyptodon.
They number more species
than now exist in that part of the continent, and were far larger animals.
1562.

EDENTATE. - Megathorluw Cuvieri (x

).

The Edentates were the most remarkable.
The animals of this order are
stupid in aspect and lazy in movement, and attitude.
The Megatheriuni (M. (Iii den I )esiua rest,
Fig. 1562) exceeded in size the
largest Rhinoceros. The length of one of the skeletons is 18 feet.
Its
massy limbs were more like columns for support than like organs of motion.
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rflIe f'inur was three times as thick as an elephant's ; the clumsy tibia and
til)ula were soldered together ; the huge tail was like another hind, leg,
nmkiiig a tripod to support the heavy carcass when the animal raised itself
against a tiie and slowly wielded its great arms ; and the hands terminating
tli arms were about a yard long, and ended in long claws. The teeth had a
gnindiiig surthee of triangular ridges, well fitted for powerful mastication.
A. fotirtli allied genus is Scelidotherium, of which seven South American
species have been made out, - one as large as the Jlegalonyx, and one smaller
than a Tapir.
Of the armor-clad kinds, the genus G!,ptodon (Fig. 1563) contained several
gigantic species. These animals had a shell something like that of a Turtle.
In the 0. davipes Owen,
the leiu.tli of the shell,
measuring along the
curve, was five feet.

1503.

has been found
in
the restoration
that
of this species (Fig.
1563) the tail is that of
a species of the allied
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It

South American genus,
IbpIopli o rus.

rI1, following figure. EDENTATE. - Glyptodon clavipes (x ); the tall, that of a Hoptopliorus.
from a photogravure of he specimen in the La Plata Museum at Buenos
1564.

I
I

-

r

.4
..'..'.'.,,

4117

,i .
EIENTATIC. - l)otUcurus eIaVIcafldtlt(IS. From a photogravure In a paper by Lydokker.
Ayres, published by Lydekker (1894), represents another Pampean species,
the club-tailed Glypt.odont Dadicurus clavicauclatus.
11 marvelous as are all the Glyptodonts, this
Lydekke.r states (189-1) that
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Its monstrous skeleton, as mounted in
is the most astounding in the series.
feet long; the carapax, across the back, 10, feet
the museum, is over 11
wide; the massive club-like terminal tube of the caudal sheath, over $ feet

The plates of the carapax are oblong plates of bone, smooth
11 inches long.
externally, but perforated by from one to five large circular holes through
The tremen
which quill-like bristles were doubtless protruded during life.
dous club bears, at its flattened and expanded extremity, a number of
roughened, oval, depressed facets, which must have given support to huge
horny spines not unlike the horns of a Rhinoceros. The whole animal
must have bristled with horns and quills, a little like some giant Porcupine."
Another G-lyptodout, the Panochthus, rivalled the DadUcurus in bulk.
The genus G/tlaniydotheriuuii included other naiIclad species in which the
carapax consisted of movable bands; one, more Armadillo-like, was a
as a Rhinoceros.

large

The
Such were the characteristic animals of Quaternary South America.
largest Edentates of the existing period are but three or four feet in length.

The Afegatherium probably exceeded more than one hundred fold the bulk of
any living Edentate.
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EUROPEAN AND ASIATIC.
The Mammals of Quaternary Europe are equally remarkable for their
Caverns in Britain and Europe were the dens of gigantic Lions,
great size.

Bears, and Hyenas, while Herbivores, equally gigantic, compared with modern
species, roamed over the continent, from the Mediterranean and India to the
Arctic seas.

The remains are found in the earthy or stalagmitie floors of
caverns; mired in ancient marshes; buried in river and lacustrine alluvium,

or sea-border deposits; or frozen and cased in Arctic ice.
In Great Britain, the Mammals have been found in river border forma
tions, in a large number of localities; and several of these have afforded
also relics of man.
The lss of the Rhine and the valley formations of
other parts of Europe have afforded similar facts.
The European caves
were

mostly caves of Bears (the great Ursus spekus), while those of
The
England were occupied by Hyenas (H?/na speiaa), with fewei Bears.
Cave Hyena, although of unusual size, is now regarded as of the same species
with the Hyuna crocuta, of South Africa; and the Cave Lion, or Felis
spela, as a variety of Fells leo, or the Lion of Africa.
In a cavern at Iurkdale, one of the earliest
explored, Hyena bones and
teeth belonging to about 300 individuals were mingled with remains of the
extinct species of Elephant or Mammoth
(Eieplws priniiqeninS', Rhinoceros
tichorhinus),
(R.
Hippopotamus (H. major), ox, three kinds of Deer, along

with the Cave Lion, Brown Bear
(Ursus aretos), Wolf, Fox, Horse (Equus
cabcslius), Hare, Rabbit, Water Rat, besides the
Pigeon, Lark, Duck, etc.
The Hyenas dragged into their eaves the dead carcasses
they found, and
lived on the bones, and also on the bones of fellow Hyenas; and the bottom
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of the cave is often covered with the fragments.
Calcareous excrements
are also abundant, quite similar to the excrements of the modern
Hyena.
The common species of Elephant in the
of
Norfolk,
on
the North
county
Sea, was the Elephas J.)rimigenius. It lived in herds over
England, and
its
extended
wanderings across the Siberian
to
the
Arctic
Ocean and Bering Straits,
1505.
plains
all(l he yoncl into North America; but it seems
not to have gone far south of the parallel of
40°.
It is stated by Wootiward that over
2000 grinders were dredged up by the fish
ermen of the little village of Happisburgh, !I
in the space of 13 years, and other localities
in and about England are also noted.
This ancient Elephant, as Siberian speci\
mnens have indicated, had its body covered
'"
with a reddish wool and long black hair.
of the tusks measured 12- feet in
At the beginning of this century,
length.
one of these animals was found at the
mouth of the Lena, frozen and encased in
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One

\V,

I

ice. It measured 16 feet 4 inches in length,
to the extremity of the tail, exclusive of the
tusks, and 9 feet 4 inches in height. It

11

retained the wool on its hide, and was so
perfectly preserved that the flesh was eaten

;,
I.'
I

by the dogs. The remains are exceedingly
abundant at Esehscholtz Bay, near Bering
Straits, where the ivory tusks of ancient
generations of Elephants are gathered for

exportation.
The Rhinoceros, B. ticliorhinus, spread
from England to Siberia, and was a hairy
species like the Elephant. A frozen speci
men found near Wilni, in Siberia, in 1712,
AN-as 11
feet long, and had a hairy skin.
Another widespread species was the

.

(

Canine tooth ofthe cave Bear.
1u'ii" ii(?Ah us.
The Irish Deer, Cervus gi,qanteus was another of the gigantic species.
Skeletons have been found in marl, beneath the peat of swamps, in Ireland
and England, and fragments in the bone caverns. The height, to the summit
of the antlers, in the largest individuals, was 10 to 11 feet; and the span of
the antlers was 10 feet, an.d in one specimen over 12 feet. It is supposed

that it may have been extinct but a few centuries.
The modern Horse, Equas cabullus, but of unusual size, has been found.
in the deposits of the period over all Europe, northern Asia, and northern
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An Ox of the period, the Aurochs, still lives under the protection
of the Russian Czar; and another, Bison priseus, the Urus, was alive in the
time of the Romans.
Africa.
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Kent's Hole, near Torquay, has afforded bones of the Mamnwth, .Rhinoceros (R.
tichorhinus), Cave Bear, Cave Lion, Cave Hyena, Wolf, Fox, Irish Deer, Reindeer,
Machwrodus latidens, horse, besides relics of Man in the form of flint implements; and
the Brixham Cave, in the same vicinity, in addition to flint implements, bones of the
Cave Bear, Brown Bear, Grizzly Bear (U. ferox), Elephant, Cave Hyena, Cave Lion,
Wolf, Fox, modern Horse, Reindeer, Goat, Irish Deer, Elk, modern Hare and Rabbit,
Wild Boar, Lagomys speiteus, Auroeks (Bos prim Igenius), etc.
In France, in the older caves, according to Lartet, the bones of the Mammoth pre
dominate along with R. tichorhinus, the Cave Hyena and Lion, etc., and in the later (the
Reindeer epoch), those of the Reindeer. Remains of the Reindeer have been found oil
the southern slopes of the Pyrenees. Eiephas antiquns and Rhinoceros hemit(echits
with the Hyena, Horse, Elk, Wild Boar, Bos primigemns, occur as far south as Gibraltar
in the" Ossiferous fissures" of the Gibraltar Rock; but E. primigenius and B. tichorhinus
are unknown in Spain.
On Sicily have been found, besides the Gibraltar species, remains of Iidppopotamus
Pentlandi, H. major, and Elephas Africanus; and on Malta, besides several of the species
of Sicily, a pigmy Elephant, 3' to 5' high, E. Melitensis Faic. ; with also the Bear, Ursus
arctos, a species of Wolf, a Stag, and other kinds. These species of Sicily and Malta are
the evidence of a dry land connection with Africa, and probably across to Europe.
AUSTRALIAN.
In Australia, the living species are almost exclusively Marsupials; and
As
they were Marsupials also in the Quaternary, but of different species.
on the other continents, the moderns are dwarfs by the side of the ancient

The Quaternary Diprotodon (Fig. 1566) was as large as a Hippo
potamus, and somewhat similar in habits, the skull alone being a yard long;
and 2%7ototherium Mitchelli Owen, an herbivorous species, was as large as a
bullock; one of the Kangaroos, a species of .ilfacropus, had the size of a
species.

Rhinoceros.

review of Quaternary Mammals, it is apparent that the
characteristic species of each continent were mainly of the same type that
now characterizes it. Both in the Quaternary and at the present time, the
From this

Orient is strikingly the continent of Carnivores; North America, of Herbi
vores; South America, of Edentates; Australia, of Marsupials.
The facts sustain, moreover, the view that the period in which these
The species which
have been mentioned, with a very few exceptions noted below, must have
required a climate ranging between warm temperate on one side, and extreme
cold temperate on the other; and this range belonged to the wide region from
Mammals lived and thrived was one of warm climate.

middle Europe and Britain to northern Siberia, where herds of Elephants,
hairy Rhinoceroses, and other Mammals found abundant vegetation for food,
and a good living place.
If northern Siberia had then the mean temperature

now found in southern Scandinavia, or 400 F., instead of its present 5° F. to
100 F., central Europe would necessarily have been within the warm temperate
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zone. One cause of such a climate
may have been the extensive submergence
of northern lands, giving all unusual
sweep northward to the Gulf Stream and
the eorrespoiidiitg warm current of the Pacific.
Perhaps in the earlier part
of the period, before the glacier had
disappeared from northern Europe and
America, Arctic Asia was still
very cold; but, long before its close, the
Elephants had taken full possession, as the vast abundance of their
remains attests.
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Restoration of Diprotodon Australis by Owen.
The migrations of the species from Europe to southern England took
place as the Glacial era closed, but before the Champlain subsidence had
taken place-this event, as in America, having been delayed until the retreat
of the ice had made great progress.
The rarity of remains of Quaternary Mammals in Scotland and Ireland,
in contrast with England and Wales, where they have been found in over
150 localities, has been attributed by Dawkins to the lingering of the ice about

the Scotch and Irish mountains.
The cold that followed the Champlain period, or that of the Reindeer era
of Lartet, appears to have brought destruction among the northern tribes
of Europe and Asia, and, at the same time, to have driven southward the
more active survivors, or those which had the best chance for escape. The
encasing in ice of huge Elephants, and the perfect preservation of the flesh,
shows that the cold finally became suddenly extreme, as of a single winter's

night, and knew no relenting afterward. The existence of remains of the
ieindeer in southern France, of the Marmot, also a northern species, and of
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the Ibex and Chamois, now Alpine species, is attributed by Lartet to the
In the caves of Perigorci (Dordogne, etc.),
forced migration thus occasioned.
the bones of the Reindeer, far the most abundant kind, lie along with those
of the Cave Hyena, Cave Bear, Cave Lion, Elephant, and Rhinoceros, as well

as Horse and Aurochs.
Lartet says that, in the drift or valley gravels, the Elephant, Rhinoceros,
Horse, and Ox are the predominant species, and the Reindeer appears spar
ingly; while, in the Dordogne caves, the Reindeer predominates, being
associated in large numbers with the Horse and Auroehs, and exceptionally
With the Mammals of the Rein
with remains of the Elephant, Hyena, etc.
deer era, in southern France, there are also great numbers of Grouse and the
The
Snowy Owl, species which have since returned to northern Europe.
in
Reindeer was living
Scotland until near the end of the twelfth century.

The absence of remains of the Reindeer and other subarctic species from
Spain and Italy, and the southern character of the Champlain fauna, are
evidence that the cold did not extend beyond the Alps and Pyrenees.
At

the same time, the presence of abundant remains of the Reindeer in Belgian
deposits of this era, without bones of the extinct Mammals, may be evidence
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that the cold of Belgium was severe enough to drive off the old warm climate
quadrupeds. An isothermal chart shows that England would have had a
warmer climate than Belgium.
The Quaternary fauna of Britain and Europe,
and the eaves are discussed at length by W. Boyd Dawkins in his works on
Cave-Hunting, Early Man in Britain, and in later papers.

MAN.
The relics

of

Man,

through which his geological history has been
deciphered, are: (1) buried human bones; (2) stone arrow-heads, lance
heads, hatchets, pestles, etc. ; (3) flint chips, made in the shaping of stone
implements; (4) arrow-heads or harpoon-heads, and other implements, made
of horns and bones of the Reindeer and other species; (5) bored or notched

bones, teeth, or shells; (6) cut or carved wood; (7) bone, horn, ivory, or
stone, graven with figures of existing animals, or cut into their shapes,
one example of which, found by Lartet, in the bone cave of La Madelaine

Perigord, and representing the old Hairy Elephant, is here given; (8) mar
row-bones broken longitudinally, in order to get out the marrow for food
(9) fragments of charcoal, and other marks of lire for warming or cooking;
(10) fragments of pottery.
of the" Stone Age."

Relics of the above kinds occur in the deposits

In later deposits, of Recent time, occur bronze implements, without iron
-marking a "Bronze Age"; and, still later, iron implements, or those of
the " Iron Age"; and here occur, as fossils, coins, inscribed tablets of stone,
buried cities, as Nineveli and Pompeii, etc.
The 11 Stone Age," here referred to, is
properly the Stone Age of Euro-
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peall or Oriental history. The 'Stone Age in North America, or a large
part of it, continued in full force till within two centuries since.
The principal facts with regard to human relics are these: 1. Stone implements occur intimately associated with the remains of the
Cave Bear, Cave Hyena, Cave Lion, the old Elephant and Rhinoceros and
other extinct species, with some remains of the Reindeer and other living
Mainitials, iii deposits of the Champlain period, if not earlier, -the Paleo
lithic, epochs proving the existence of Man at that time.
2. Similar implements, along with others of horn and bone, and draw
ings of animals, and other markings, occur in southern France, as well as

more to the north, in caves and river-border deposits, along with great num
bers of bones of the Reindeer, with other northern species now existing, and
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also with the rem;dns of the extinct Urns, Elephant, Cave Bear, Cave Hyena,
Cave Lion, etc., and also the now living Auroehs, Ibex, Elk, etc., pertaining
to the Mesolithic or Reindeer epoch, or that of the "second Glacial epoch" of
Europe. And, with these relics, human bones and even complete skeletons
have been found; the marrow bones of the Reindeer and Aurochs so split as
to show that they were broken by i\[an for the marrow; and charcoal and
other relics of fires, probably used both for cooking and for warmth; for the
weather must have been sometimes, if not generally, cold.
:. The skeletons of the Reindeer epoch of southern Europe are in part
those of tall men.
One of them, that of the cave of Mentone in the

Medi-terranean
(just east of Nice), according to its describer, Mr. Rivière, was
that of a man six feet high, with a rather long but large head, high and.
well-made forehead, and very large facial angle - 3O" The woodcut on the

next page, made from a photograph, published by Riviere, represents the
skeleton as it lay, partly uncovered front the stalagmite, with
Mediterra-nean
shells and flint implements and chippings lying around, and a chaplet
of stag's canines across the skull. The Mentone cave contained also bones
of the Cave Lion, Bear, and hyena, Rhinoceros tichorlun'us, Wolf, and. other
species, but not the Reindeer. There are nine of these caves on this border
DANA'S MANUAL-64
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of the \[tdjterraneaii. A similar skeleton was obtained from the cave of
('ro-iI agnon, in I'erigorcl, France, whose
height was 5 feet 11 inches, and
another at Urenelle, about 5 feet 10 inches. These are referred to the Rein
deer t.oe1i.
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The human remains of caverns on the Lesse valley, in the
vicinity of
first
Lb.ge, Belgium,
discovered by Schinerling in 1833-1834, are regarded
as unquestionably Paleolithic. They belonged to less tall men; the cranium
was high and short, and of good Caucasian type,
though of medium capacity
a fair average human skull," observes
Huxley. But one Belgian jaw-bone,
from the cave of the Naulette, has several marks of
inferiority, for example,
remarkable thickness and small height; the molar teeth
increasing in size
backward, the posterior or " wisdom-tooth " being the largest (besides having
five roots), while the reverse is the case in civilized man; the
prominence of
the chin wanting. Fragments of crania and of some other bones were found
with the jaw-bone.
The human crania of the caves of Furfooz in Belgium, of the Reindeer
era. are described as intermediate between the broad and long
types, and as
of
the Finns and Laplanders. The height
Mongoloid," approaching those
of the men was not over four and a half feet, and. thus they were like exist
ing Man of Northern Europe; and it may be that Laplanders were driven
south by the cold, as well as Reindeers. The habits of the people, according
to ihipont, were like those of the Esquimaux.
Chipped flints have been reported by F. Noetling from the Upper Miocene
or Lower Pliocene of Burma (1894) ; the bed affording them lies beneath

4620 feet of Pliocene and contained also remains of Rhinoceros Peri,nensis
and Jiipparion An telopznem.

The remains of Paleolithic Man found in North America are sufficient to
confirm the conclusions from those of Europe. But the evidence is not of
the same satisfactory character, inasmuch as the precise age of the. deposits
is in dispute, and the localities have not, in general, been verified by a
succession of discoveries.

Professor LI. D. Whitney described many years since a skull, from Calar
veia.s County, Cal., which was found, according to the owner of the mining
claim, at a depth of 130 feet from the surface, underneath the lava-bed, in
1S66.
Doubts of its authenticity have been expressed by others who have
examined the evidence; but Whiitney, in his latest publication on the Sub-

ject (0)1 the Auriferous Gravels of the Sierra Nevada, 1879), refers to
corroborating testimony, and gives it full credit.
Whitney also mentions
the discovery of flint implements in the Auriferous gravel in other parts of
(a1j f rn ja. The fossil plants of the gravels are referred to the Pliocene (or
partly i\Iiocene) by Lesi1iiereux. The few Mammalian remains include the
Champlain Jliislodou and Elephant, but, in some places, Pliocene species.
Some recent land shells were contained in the earth filling the cranium.
The skull, according to Jeifries Wyman, resembles that 01 a modern Indian,
especially the Esquimaux, but has a more prominent forehead and a larger
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These high qualities of the "Calaveras" skull are part
of the objection which has been brought forward to its being of Pliocene
Tertiary age, and the Neolithic character of accompanying implements is
chamber within.

another part.
Flint implements have been described by C. C. Abbott from stratified
drift, along Delaware River, near Trenton, N.J. The deposits in which
At Loveland and
they occur are probably of Champlain age.

Ohio, C. L. Metz found chipped implements in deposits of lss and
Madison-vile,
stratified gravel. N. H. Winchell has reported the discovery of imple
ments of polished stone and copper, with human hones, in terraced and
In the loess of the Missouri valley,
stratified deposits near Minneapolis.
Neb., according to Aughey (1874), two chipped implements were found,

associated with the vertebra of an Elephant.
McGee reports his discovery
of a chipped obsidian implement in the deposits about Lake Lahontan,
Hartman's Cave, near Stroudsburg in Monroe County, Penn., has
Nev.

afforded T. D. Paret, and later II. C. Mercer, teeth of the Reindeer, a tooth
of the American Bison, and remains of Dicotyles Pen nsylvanicus, (Jastoroicies
Ohioensis, Horse, Lynx, 0-ray Fox, Wolf, Skunk, Beaver, Woodchuck, Musk
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rat, with a bone fish-hook, hone awls, harpoon, etc.
There is apparently a
mixture in the cave of Pleistocene and Recent. In Brazil, human remains

were found many years since, by Lund, in caverns, along with extinct Quater
nary Mammals; and Clausen has reported the occurrence of pottery in a
bed of stalagmite containing these Mammals.
4.

RECENT PERIOD.

After the great alternations in level and in climate of the Early and
Middle Quaternary, the earth appears to have reached, as the Recent period
The excavation of valleys, the
opened, one of its stages of relative quiet.
distribution of earth and gravel over the rugged surface, and the filling of
valleys with drift and alluvium had prepared the way for Man, the domi
nant species of the period.
At the final stage in the preparation, the Brute
Mammals had become diminished in size, and greatly also in number of
species.
But the geological agents of change are still at work - the air, rivers,
ocean, heat, chemical forces and interior causes of earth movements ; and

thereby rock-deposits are still in progress: metamorphism and vein-making
by quiet methods; volcanoes with somewhat lessened activity; and upward
and downward changes of level.
Absolute equilibrium and rest will not be
attained until the earth no longer contracts from cooling and waters cease

to move and transport.
In the organic kingdoms, interactions among
species, and conflicts with
natural conditions, are producing variation in Recent time as hitherto, but
with this prominent difference: that Man, on
leaving the wilderness, and
taking full possession, becaiiw a powerful agent of modification and exter-
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mina t ion,

III toii loruhing to the Old (fl'LJiiC law, kill and eat, lie is like his
But his necessities lead him to drive wild nature from her
1)t'edeeessors.
iii
order
to secure room for his farms and dwellings; and in the
grounds,
U'OceSS, Species of platits and atti utah s are fast
becoming extinct. Man's
carelessitess, moreover, has made lestruetive fires
among forests common.
Neolithic Juan. -The call icr deposits of the Receiit
period. made by
human agency, are his shell-heaps fottiid
especially along coasts, those of the
coasts of I)anisli Islands, iii the Baltic - called
1tjö11eii-iiiölding or Kitchenin ith(eii.. and similar accumulations at other localities.
They contain no
i'eiitaiits of' the Rcuulcer, showing that the
glacial cold had receded toward
its presetit limits, while those of the titus,
Stag, Roedeer, JVild Boar, Dog,
Wolf', and other existing species are common.
In IJentita rk and elsewhere occur polished stone
implements, with broken
pottery, and hones of existing quadrupeds, and among them those of the
domesticated Dog, but no remains of either the extinct
Quateriiary Mammals
or the Reindeer. The Neolithic human remains of Denmark indicate the
same small, round-headed race, Laplander-like, that were found in the
Reindeer caves of Belgium.
III the same era, or perhaps a little later in the Neolithic era, existed the
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oldest of the lake-dwellings of Switzerland (dwellings in lakes, on piles,
such as Heiodotus described over 2000 years since). They have afforded
1569.
1570.

Human

ciii ul, from Gmidaloupo.

Conglomerate, containing coins.

stone implements and pottery. with remains of Goats, Sheep, the Ox, as
well as the Dog, but not the Reindeer or any extinct species; also, of
Wheat and Barley ; also a human skull, neither very long nor very short,
but, according to Rutiuieyer, much like those of the modern Swiss. These
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Neolithic. structures occur mainly about the eastern lakes, Constance and
Zurich, while those of the "Bronze Age" are found in the western lakes.
Lake-dwellings or "stockaded islands," called Craiiiwges, have been
found in peat-bogs in the British Isles, and especially in Ireland.
They

belong to the Bronze and Stone Ages, affording remains of various living
species of Mammals, with stone implements in some of them.
Examples of recent relics are presented in Figs. 1569, 1570.
Fig. 1569
represents a human skeleton, from a shell limestone of modern formation
The specimen is in the
now in progress, on the island of Guadaloupe.
The British Museum contains another from the same
Museum at Paris.
region, but wanting the head, which is in the collection of the Medical

College at Charleston in South Carolina.
They are the remains of Ca.ribs,
who were killed in a fight with a neighboring tribe, about two and a half
centuries since. Fig. 1570 represents another fossil specimen, of the age
of Man, - a ferruginous conglomerate, containing silver coins of the reign
of Edward I. and some others, found at Tutbury, England.
at a depth of ten feet below the bed of the river Dove.

It was obtained
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Among the species recently exterminated, there are the Moa (Dinornis)
and other birds of New Zealand, the Dodo (Didus ineptus) and some of its
associates on Mauritius and the adjoining islands in the Indian Ocean; the

The species are of the half-fledged kind, like
pyornis of Madagascar.
the Ostrich.
Fig. 1571 (copied from Strickland's Dodo and its Kindred) is
from a painting at Vienna, made by Roland Savery in 1628.
The Dodo was a large, clumsy bird, some 50 pounds in weight, with loose, downy
plumage, and wings no more perfect than those of a young chicken. The Dutch navigators
found it on Mauritius in great numbers, in the seventeenth century. But, after the pos
session of the island by the French, in 1712, nothing more is heard of the Dodo; there
are some pictures in the works of the Dutch voyagers, and a few imperfect remains.
The Solitaire (Pezopitaps sulitaria) is another exterminated bird, of the same island,
and the Heron (Nycticorax megacephains) a third (Fig. 1571).
The Moa (Dinornis igantew owen), of New Zealand, exceeded the Ostrich in
size, being 10' to 12' in height. The tibia (drumstick) of the bird was 30 to 32 inches in
length; and the eggs so large that "a hat would make a good eggcup for them." The
bones were found along with charred wood, showing that the birds had been killed
and eaten by the natives. The name I)inoriiis is from öev6s, terrible, and pvs, bud.
Eleven other species of 1)inoriis have been found on New Zealand.
Besides the Diiwrnis qiqanteus, have been found also extinct species of Patapteryx
and Notornis. Palaptery:e is related to ilpteryx ; and both Apteryx and Notor,is have
living species.
Besides these, there are other related extinct New Zealand Birds, pertaining to the
genera Anomalopteryx, Pnesopterqx, Syornis, E?1ry,pt'ryx, and others (I lector, 1891).
On Madagascar, other species of this family of gigantic birds formerly existed.
Three species have been made out of the genus L'piiornis. From the bones of the leg,
one is supposed to have been at least 12' in height. The egg was 1,31 inches long.
The Drepanis Pacilica, or Sickle-bill of the Sandwich Islands, the bird used in making
the royal robes, is now extinct.
The Great Auk of the North Sea (Aira impennis Limmu.) is reported to be an extinct
bird, by Professor Steenstrup.
The list known it) have been seen were two taken near
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Iceland, in 1844. The bones occur in great numbers, on the shores of Iceland, Greenland,
and l)eiitnark, showing that it was once a cOniiiion bird; and its remains have been found
also on the coasts of Labrador, Maine, and eastern Massachusetts. They occur in the
shell-heaps of Maine, Wyman having found seven specimens of the humerus, besides
other bones. With these are bones of other species, but of none that are extinct, and also
fragments of rude pottery, and some bone-impkiiients.
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Dodo, with the Solitaire In the background and an extinct Night Heron to the right.
A species of Manatee, Rytina Stelieri Cuv., known in the last century on the Arctic
shores of Siberia, is supposed to be now extinct.
The Aurochs (Bison priseus) of Europe, one of the cotemporaries of the old Elephant
(Elep/uts j imiqenius), would have long since been exterminated from Europe, but for
the protection of Man.
Though once abundant, it is now confined on that continent.
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to the imperial forests of the Russian Czar in Lithuania. It is said to exist also in the
Caucasus. The now extinct Bos prunigenius is supposed to be the same with the Urns
(Ure-Ox, or Bos Urns, described by Cesar in his Commentaries, and stated to abound
in the Gallic forests), and is a distinct species from the Aurochs, with which it has been
confounded. It is said to have continued in Switzerland into the sixteenth
century.
The American Buffalo (Bos .dm.ericanns Gin.) formerly covered the eastern
part
of the continent, to the Atlantic, and extended south into Florida, Texas, and Mexico
but now it is practically an extinct species, except so far as it is under human
protection.
The giant Sequoia or Redwood of California is sure to become extinct as a native
plant.
GENERAL OBSERVATIONS ON THE QUATERNARY.
BIOLOGICAL PROGRESS.
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Culmination of the type of Brute Mammals. -The biological
progress of
the Quaternary as it appears in Brute Mammals was but a continuation of
the types of the Tertiary onward to their culmination in the course of the

Time great average size of the species, in connection with
Champlain period.
the evidence of unimpaired powers, and also the large number of the
species
as well as the dense population, are good evidence that Brute Mammals have
More than half of the species that
passed their maximum development.
then existed are probably yet unknown. But the facts are sufficient, never
theless, to sustain the above statement.
The area occupied by the great
Mammals extends from Alaska to Patagonia, from Great Britain, and the
Siberian shores, to southern Australia.
A species best thrives in the region
of fittest climate.
In the Pleistocene, the fittest climate was universal.

have attributed the extinction of most of the species and the
It is the only
dwindling of others to the cold of the Reindeer epoch.
explanation yet found, though seemingly insufficient for the Americas.
Geologists

The era of Fishes, as has been stated, was the time of urosthenic Verte
brates, species in which the posterior extremity of the body serves as the
locomotive organ; and the era of Amphibians and Reptiles, the time of
merosthenic Vertebrates, the hind legs of time species being the stronger
limbs in locomotion.
Under the era of Mammals the merosthenic species

comprise the Herbivores, and many of them are made to serve Man as
draught-animals, because of their strong hind limbs; but the higher Mam
mals, the Carnivores and Quadrumana, are prosthenic, the anterior limbs
being not simply locomotive organs, but having some prehensile power, and
m the most of the species eminently serviceable in this
way.
Only carniv
orous and herbivorous species that have taken to a water life are urosthenic,
and this they have become by returning to the element that is
especially
fitted for Fish-like locomotion.
Relation of the Quaternary to the Tertiary Mammals. - The Quaternary
types of fauna and flora on a continent were to a large extent closely related
in kind to those of the
South America in Pleistocene time was
Tertiary.
the
land
of
Edentates; and so, during the Tertiary, Edentates
prominently
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were common species. Australia is now and has been through the Quater
nary the continent of Marsupials and Moiiotremes ; and the same types were
almost its only Mammalian population in the Tertiary. North America, dis
tiiiguislietl for its large number of Pleistocene Herbivores and relatively few

Carnivores, was equally so distinguished during the Tertiary; while Eurasia,
in bvth the Tertiary and Quaternary eras, was the chief region of Carnivores.
The principle could be illustrated by examples from tribes and species
throughout the kingdoms of life; but this would be out of place here. It is
explained by Darwin on the ground that the Quaternary kinds have been
derived from the Tertiary by descent; and this explanation is now generally
accepted. The exceptions to the rule have come chiefly through migration.
Proqress "hi degeneration. -The most prominent cases of degeneracy in
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terrestrial Quaternary Mammals occur in the Edentates. A great popula
tion of them lived in South America, pertaining to numerous genera against
two in Europe. Asia, and Africa. The Glyptodonts (Figs. 1563, 1564)
appear to have been the lowest. The thick bony covering is protective, and
It is Molluscan in idea. From what higher Mammals
very Completely so.
they descended is not known. The low-grade characteristics seem to be a
consequence of inactive habits or sluggishness as a result of freedom from
enemies and from all unsatisfied desires. Degeneracy from inactivity is well
exemplified in parasitic Crustaceans, as the Lernans, which live with the
As a consequence they have
head-end inside of a fish, always content.
There is
become worm-like in body, and almost limbless and senseless.

here, emphatically, degeneracy through disuse, with adaptations to the
their origin is thus explained by disuse and adaptation without
con-ditions;
The
reference to the "survival of the fittest," or "natural selection."
same is true of the Megatheria; their legs became reduced nearly to massive
pedestals by inactivity, and the front teeth, as in other Edentates, were lost

through disuse. The Glyptodonts degenerated on the same principle; but,
through some organic tendency (like that less perfectly illustrated in the
Turtles, the most sluggish of Reptiles), ossification gave them -and emi
nently so Dadicurus - a protective covering almost to their destruction.
It was fitted to save from Carnivores, but not from the cooler climate that
ensued, and so the later fama of the region was rid of them, - exemplifying
the fact that the principle of the "survival of the fittest" determines the
species that survive to constitute new faunas, if not the existence of new
The first of the Glyptodonts appeared in the Miocene.
species.
Man. - Man stands in the successional line of the Quadrumana, at the
head of the Animal Kingdom. But he is not a Primate among Primates.
The Quadrumana are, as Cuvier called them, Quacirumana from the first to
the last. They are Brute Mammals, ts is manifested in their Carnivore-like
canines and their powerful jaws; in their powerful muscular development
in their walking on all fours, and the adaptation thereto exhibited in the
vertebrm, producing the convexity of the back; and also in other parts of the
skeleton.
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Man, on the contrary, is not Quad rumanous.
His limbs are of the primitive
type so common in the Eocene. He is plantigi.le, "has neither hoofs nor

claws to his five toes and fingers, but something between the two."
More
over, in his teeth "Maii is thoroughly ptiinitive, he having in fact the original
quadrituberculate form of molar, with but little modification," and also
having "the teeth of the two jaws exactly alike, and making one continuous
even series,

with nothing of the diastenia which prevailed among the
The body of Man has retrograded also in being
Monkeys."

higher
'inerosthenic in limbs, instead of prosthenic, the hinder limbs being the
All
stronger as well as longer, and the fore limbs comparatively weak.
these low-grade characteristics and despecialized conditions of the structure
evince that Man does not pertain zoOlogieally to the group called Primates,
either to the higher or lower end of the series.
Considering further the

zoological fact that Man is an erect Mammal, and the only erect species
in the whole series, the bones throughout the structure, with the double
curvature of the back, being adapted to this characteristic; that his fore

limbs are taken from the locomotive series and passed over to the cephalic,
to subserve especially the purposes of the brain; that muscular power is not
in him the foundation of grade and efficiency, but that he has a brain more
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than twice the size of the highest of the Quadrumana, and herein is prosthenic
to a preeminent degree, as the labors of his hands and head declare, the
Man's "low-grade"
divergence from the Quadrumana is manifestly great.
or "primitive" characteristics have special fitness for the exalted being; and
this is sufficient reason for their existence.

Man, moreover, is the last species of the series.
Agassiz observed that
the Vertebrate type, which began (luring the Paleozoic in the prone or hori
zontal Fish, became erect in Man, and thus completed the possible changes
in the series, to its last term.

An erect body, with an erect forehead and a
symmetry that is of ideal perfection, admits of no step beyond.
Man was the first being, in the geological succession, capable of an
intelligent survey of nature and a comprehension of her laws; the first

capable of augmenting his strength by bending nature to his service, render
ing thereby a weak body stronger than all possible animal force; the first

capable of deriving happiness from truth and goodness; of apprehending
eternal right; of reaching toward a knowledge of self and God; the first,
therefore, capable of conscious obedience or disobedience of a moral law,

and the first subject to debasement of his moral nature through his appetites.
There is in Man, therefore, a spiritual element in which. the brute has
no share. His power of indefinite progress, his thoughts and desires that
look onward even beyond time, his recognition of spiritual existence and of
a Divinity above, all evince a nature that
partakes of the infinite and divine.
Man is linked to the past through the system of life, of which he is the last,
the completing, creation.
But, unlike other species or that closing system
of the pust, he, through his spiritual nature, is more intimately connected
with the opening future.
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THE ANTARCTIC CONTINENT IN THE QUATERNARY.
The Ant.aret,ic Continent appears to have been enlarged during the Pleis
tocene to the wide limits it had in l1erinian time, and to have thus renewed
its eI)IIlIeet.ii)u with southern Africa, Madagascar, the Mauritius group or
Mascarene Islands, and Australia, and probably also with South America.
At. the same time, Australia was enlarged eastward to New Zealand and
ht'imtl to the ('hathamn Islands, as well as northward along the islands in
the New Zealand line; or else it derived a connection with these islands
through extension of the Antarctic Continent. AS shown on the Bathymnet
ne chart. following page 20, the joining of Chatham Island to New Zealand
would require an elevation of only 800 feet; and one of 1200 would unite
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northeastern Australia to New Caledonia; and one of 500, Australia to
New Guinea.
The evidence of these connections is based chiefly on the near identity in
some species of Birds and other animals of these widely distant lands. The
genus Ajs/iuiiapterij.r (related to that of the Rails), known for some years
from Mauritius (east of Madagascar), has been found by H. 0. Forbes to
have hail a species on one of the Chatham Islands, - distant from Mauritius
over 120° in latitude; and the two species, A. Brcki of Mauritius, and

"1. Ifais'kin.'ii of the Chatham Islands, are scarcely distinguishable. Several
species of New Zealand Birds were found by Forbes on Chatham Island;
among them the Kea, a Parrot "that changed its diet in recent years, for
saking fruits, and now kills sheep by eating through their backs to their vital
"
organs ; the flightless Woodhen, Oe!,drom its Australis, the Owl, Glaucidinin
\Tot,j_Ze(ljandj(,p, and also a Hawk and Swan.
Further, Australia had, in Quaternary time, a Dromornis, closely related
to the gigantic I)inornis of New Zealand and the Epyorils of Madagascar.
Moreover, Africa has the related Ostrich; and southern South America has
afford(
remains of a great flightless bird of Ostrich affinities. The Penguins,
also flightless birds, range from South America to South Africa, Australia,

New Zealand, and the Antarctic Islands. Similar facts occur among Eden
tates. Amphibians, and Plants.
Forbes, in view of the facts, concludes that the land of the Antarctic
rirole had. in late geological time, a large extension, admitting of migration
He
between the continents and with the adjoining or adjoined islands.
re] ii:irks, also, on the glaciated condition of such a continent in a Glacial
period, and its effects in producing cold or glacial conditions in the southern
In " in i spli crc.
Forbes's paper is contained in the I'roeeedings of the Geograj)hioal Soeieiy
/" London, October, 1892, and in the Wologleal Magazine for May, 1893
and he has another paper on the subject of zoological character in the Magazine of Natural History, July, 1S93.
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EPEIROGENIC CHANGES DURING THE QUATERNARY.
The upward continental movements of the early Quaternary and the late
Tertiary, by which the greater mountain regions of the globe were elevated
from 10,000 to more than 20,000 feet, and, following this, the
wide-reaching
but feeble downward movement of the Middle Quaternary, and then the more

limited elevation closing the Champlain 1iriod, and, last, the settling back
of the land to the degree of equilibrium characterizing Recent time, brought
The move
gradually and grandly to an end the earth's mountain-making.
ments were epeirogenic, and involved the whole sphere.
It has been thought
incredible that the orographic climax should have come so near the end of
geological time, instead of in an early age, when the crust had a plastic layer
beneath, and was free to move; yet the fact is beyond question.
The event
is made, on rage 392, a legitimate effect of lateral pressure in the contracting

in more general language, the
deepening of great areas over the oceanic basin, is set forth on the same
page as the counterpart.
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crust; and the coral-island subsidence, or,

Why, in the upward movement, the colder latitudes, or those outside of
the parallel of 400, should have been most affected, as the distribution of
fords and other facts make evident, is wholly unexplained.
The interest

of the problem is greatly enhanced by the new facts proving that the Ant
arctic Continent also was elevated and greatly enlarged, -probably to four
times its present area; that not only the lands of the high northern lati
tudes were affected, but also their antipodes in the high southern latitudes.
Under these conditions the earth's polar diameter would have received a

considerable increase of length, and the waters would have been deepened
over the lower latitudes.
The idea of Croll, that the Glacial periods of the northern and southern
hemispheres followed one another, has no support from geological facts, and
few supporters among geologists.
The Champlain subsidence following the elevation has been attributed,
on the principle of isostasy, as stated on page 379, to the weight of the

load of ice over the glaciated land.
The cause is good in principle, but
of doubtful sufficiency.
The facts stated on page 980, with regard to the
departure of the ice from the United States before the subsidence had made
much progress, indicate a great lagging in the effect, far greater than is cont
Moreover, the coast region of California
patible with the results of a load.
subsided deeply (page 985) although it had not been covered by ice; and
the land which joined South America with Cuba and probably Florida, and
that uniting Africa to Malta and Sicily disappeared, although far outside
of the ice-limit. The dry land across the British Channel between England
and France continued emerged long after the mild climate, which favored
migration of warm climate Mammals, set in; and it became submerged
France and
although the land either side was never under the ice-sheet.

CENOZOIC TIME -QUATERNARY.
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other parts of Europe hear evidence of subsidence in the
many terraced
river valleys and sea borders, although never
Other
facts bear
glaciated.
on
the
ing
question will be found in a recent paper by Prestwieh on the
late Post-glacial submergence. The ice of the
locally glaciated areas over
could
have
Europe
depressed isostatically only equal areas to a depth less
than two fifths of the mean thickness of the ice.
The insufficiency of the ice-sheet to produce the
widely extended Chainplain submergence is evident. The only other agency to which appeal has
been wade is that of the earth's contraction; this makes the movements of
the Quatt'rnary one in cause and system.
The Recent period has its epeirogenic movements
partly as a continuation
of the earlier, and partly as a result, it is believed, of the deposition along
coasts and elsewhere of river sediment. The principal facts have been
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reviewed on pages 341, 367. Another example, of a geanticlinal character,
is afforded by the Scandinavian region. A recent report on the subject has
been made by L. Holmström (1888). On the west coast, at two localities,
in latitudes 57° 53' N. and 58° 56' N., the rate of rise of the land, during
respectively 66 and 116 years before 1886, was about two inches in ten years;
and at another place, in 58° 35' N., about four inches in ten years. On the
east coast, at several localities between 58° 45' N. and 65° 15' N., the rate

during various intervals from 45 to 139 years before 1867 to 1875, was 1-8
to four inches in tell years; at Stockholm, 185 inches; and in Finland, in
63° N., 25 to 3T5 inches. The rise is least to the south. The conclusions
differ but little from those derived by Lyell from the facts he gathered,
during his visit to the coast in 1834.
Moreover, the many fault planes in the earth's crust resulting from old

orogenic movements are planes of weakness, and show it from time to time
It is rendered probable
by slips and consequent earthquakes (pig e 373).
still
be
in slow movement up
that regions over the Rocky Mountains may
or down.
Upturned beds occur on all the islands south of New England from Long Island to
Nantucket. But although the disturbance has been supposed to be of Quaternary origin,
the chief part is of earlier date. The beds of Long Island were first described by W. W.
Mather in his excellent account of Long Island geology contained in his New York Geo
logical Report (in quarto) of 1843.
The deposits, as made by Matlier and as has since been proved by fossils, are Creta
ceous clays, sand and pebble beds with overlying Quaternary drift. The bluffs of 150 to
200 feet along the northern coast have the beds mostly concealed by the fallen debris
from above. But part of Mather's investigations were made after a "storm of the 11th
and 12th of October, 1830," when the cliffs were laid bare, giving him an unusual oppor
tunity for the study of the stratification. lie was led to the conclusion that the flexures
are partly local displacements in the clay-beds, due to vertical pressure and slides, and
partly a result of upturnings anterior to the drift deposits. This accords with the author's
observations over the island. It sets aside the idea that the flexures were in any case an
effect of pressure from the moving ice-sheet.
Figs. 1572 to 1575 are from Plate iv. in Mather's Report. The crumplings in Figs.
172 and 1573 are like those that are made by local pressure or slides, or sinkings of the
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overlying beds, which shoved aside and forced out the wet and mobile clay. At many
places along the coast the clay has been forced out, in this way and now covers more or
less of the slope below; and in the clay-pits, sinking and exclusions are not uncommon.
At the Holmes clay-pit on Fresh Pond, near Northport, there were cracks in 1875 at the
top of the bluff where the sinking was in progress, and where, as the proprietor stated,
it had amounted to 16 inches in 20 months, and the movement, lie added, was all the time
going on. A clay-bed is made to vary greatly in thickness in the face of a bluff because
locally squeezed out.
1572-1575.
1573

1,572

1574

1575
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C. I.
-

S

s,

Sections of the Cretaceous and overlying beds on the north side of Long Island. Figs. 1572, 1578, Sections near
Brown's Point, Petty's Bight; 1574, Section 8 miles south of Oyster Point; 1575, Section exposed bye storm
200 yards south of Brown's Point. W. W. Mather.
In the case represented by Fig. 1575, the position of the beds plainly proves, as Mather
states (page 249), that an upturning and a subsequent denudation had taken place after
the lower beds of alternating clay and sand had been formed, and before the deposition
of the overlying clay-bed and the higher deposit of "coarse materials and bowlders" or
drift. The tilting in Figs. 1572-1574 probably had the same origin. The age of the clay
bed C. I. in Fig. 1575 is left uncertain; but the upturned beds are Cretaceous. Matlier
states that in all sections the overlying drift deposits have the same horizontal position,
and that some of the bowlders contained in them have great size. "Blocks of 50 to 500
tons are not uncommon on the island" (page 174); and he reports one having an esti
mated weight of 2000 tons.
The upturned beds in Desor's Nantucket section, referred to on page 983, are covered
by others in horizontal position, and are probably of the same age and origin with those
of Long Island.
On Martha's Vineyard, according to Sha.ler, the upturned beds, which include the
Cretaceous and Tertiary, bear evidence in their erosion that the chief upturning preceded
the Later Glacial epoch, if wit partly at least the earlier.
Lycli, in his '1'rut'e1 /n North
America (1845), describes the sections at. Gay head and Chuliimark, figures the former
(i, 204), and states that the upturning occurred between the Miocene Tertiary and the
"Boulder" or Drift period.
There is grandeur in the simplicity as well as vastness of the inovemeiits
by which the earth was made ready for its latest stage.
Equally simple and
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comprehensive were the agencies set to work: glaciers that reached across
from ocean to ocean ; rivers deriving magnitude and
energy from the loftiest
of mountains, the greatest of ice-sheets and the most abundant of rains;
anti a genial climate that reaclicil almost to polar latitudes, and
produced
luxuriant growth in all life, animal as well as vegetable. Thus were evolved,
as never before, the sublimity of the mountain
peaks, and the richness and
of
varied beauty
the valleys and wide-reaching plains, and the many other
surface details that were essential to the pastoral and agricultural pursuits
with which man was to commence his own
development.

GENERAL OBSERVATIONS ON GEOLOGICAL HISTORY.
LENGTH OF GEOLOGICAL TIME.
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Time-ratios. - In the preceding edition of this work estimates are given
of the relatire lengths of time ages and periods, or their time-ratios, based on

the maximum thicknesses of the rock formations of the several periods,
allowing a ratio of 1 to 5 between the rate for limestone and that for ordi
nary fragmental rocks. These thicknesses have since been increased much
for some parts of the geological column; but the increase is not far from
proportional to the former numbers. The evidence at present obtained ap
pears to favor the conclusion that the relative duration of the Cambrian and
Silurian, the Devonian and the Carboniferous eras, corresponds to the ratio
4: 1 : 1, or perhaps 4: 1 : 1, the ratio hitherto adopted; and for the Paleo
zoic, Mesozoic, and Cenozoic, 12 : 3 : 1
The thickness of upturned rocks

is

so

difficult to obtain with accuracy, and is so certainly exaggerated
greatly when the absence of faults and flexures is not ascertained before
drawing conclusions, especially in connection with the older tilted forma
tions, that much careful geological work is yet to be clone before reliable

ratios can be deduced.
Len qth of time since the Glacial period. - The facts with regard to the
present rate of reccssiou of Niagara Falls have been used for calculating the
length of time since the Glacial period. The argument has been presented
thus. Niagara has made its present gorge by a slow process of excavation,
and is still prolongimig it toward Lake Erie. Near the fall, the gorge is 200
to 2,50 feet deep, ind 160 feet at time fall, -the lower 80 feet shale, the upper
So limestone. The waters wear out the shale, and thus undermine the lime

stone. The rocks dip 15 feet in a mile up stream, so that the limestone at
time fall becomes thicker, as retrocession goes on. The distance from Niagara
to the. Queenston Heights, which face the plain bordering Lake Ontario, is
seven miles. The general features of the region are shown in the bird's-eye
view, page 973. The new excavation began again at the Queenston Heights,
and gradually extended southward to its present limit at the Falls. The

time of beginning was after the. tilling of the channel with drift, which
occurred during the retreat of the glacier. The rate of progress in the exca-
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vation was estimated by R. Bakewell, Jr. (son of the English geologist), in
His estimate
1829, 011 the basis of facts received from a 40-years' resident.
was about three feet a year.
Lyell, who was at the Falls in 1841 with
James Hall, reduced the rate to one foot a year, making the elapsed time
about 31.000 years.
The question has since been considered by other geologists. G. K. Gilbert,
taking as data (1) a map made in 1842, after a careful survey by Blackwell
in 1841. and published in the N. Y. Geological Report of J. Hall (1842),
(2) another, made 33 years later, by the U. S. Army Engineers, and (3) a
third, made in 1886 by II. S. Woodward, concluded that the rate of cutting,
supposing the eoiilitions to have been uniform, was about five feet a year,
and the length of time about 7000 years; but he observes, that instead of
uniform conditions, there have been great variations in the height of the

fJJ and in the amount of water, and that the deduced rate cannot be safely
accepted (Ann. Rep. Smithsonian Inst. for 1890).
That the investigation is beset with doubt is evident from the remarks
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on page 987, and also by the various conclusions of recent writers on the
subject. W. Upham, on the grounds stated in his various papers, makes
the time 6000 to 10,000 years. J. W. Spencer, in his latest interpretation
of the facts (1894), arrives at the conclusion that the excavation of the
channel required 32,000 years.
But, as already shown, the amount of water
now discharged by the river is no measure of that during the Champlain
period of moist climate and expanded but gradually diminishing lakes, and

no other safe basis for an estimate is known.
As the amount of water then
was almost certainly much larger than now, the lower estimates are probably
nearest the truth.

A similar estimate has been made by N. H. Winehell (Final Rep. Geol.
Minnesota) for the rate of recession of the Falls of St. Anthony on the

Mississippi at Minneapolis (page 973), with the result that the elapsed time
was probably about 8000 years.
The rate of progress in a peat-bed, and that in a thickening deposit of
stalagmite in limestone caverns, are other uncertain data that have been
employed for deducing the length of time since the Glacial period. The
amount of stalagmite is dependent on the amount of carbonic acid or organic
acids in the filtrating waters, and partly on the texture of the limestone. The

results of such calculations do not appear to have any geological or archeo
logical value.
Length of geological time according to geological evidence.-The facts from
geology used as a basis for calculating the length of geological time since
the Archan are: the rate of sedimentation or accumulation, and the rate of
erosion or denudation, the former usually made dependent on the latter.
The

generally based on the results obtained by
Humphreys and Abbot from the Mississippi and its drainage area, and
related results from the study of other rivers.
The rate of sedimentation
rate

of

denudation is

obtained from the Mississippi gives an average of one foot from the whole
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drainage area in about 6000 years. The rate usually taken is one foot in
3000 to 700() years. The rate 1 to 3000 was deduced by S. Haughton
(1880)
from the rate of sedimentation of the following rivers: the Mississippi, 6000
years; Ganges, 2358; Hoang Flo, 1464; Yang-tse-Kiang, 2700; Rhone, 1526;
I)anube, 6846; Po, 729 years; the mean of which is 3090 years. He adds
that since the sea bottoms are to the land surfaces as 145 to 52, the rate at
which the sea bottoms are becoming silted up, that is to say the present rate
cf formation of strata, is one foot in 8616 years. Thence, supposing the rate
the same as now for all past time from the Arehan onward, the whole
duration of geological time is 200,000,000 years. But Haughton included in
the thickness of the terranes, 60,750 feet of Archan, or over one third of
his total (177,200 feet). Deducting for the Arcban, the length of the rest

of geological time would be about 130,000,000 years.
Mellard Reade makes the time since the Archan, on the same kind of
basis (taking the mean area of denudation as one third the entire land area,
and the rate of denudation one foot in 3000 years), 95,000,000 years (1893).
C. D. Walcott deduces, for the elapsed time, 70,000,000 years (1893)
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H. H. Hutchinson, 600,000,000 years (1892); M'Gee, including in his basis
the rate of denudation at Niagara, and giving credit to the extreme estimates
of thickness of the early Paleozoic formations, 6,000,000,000 years (1893).
All these estimates proceed on the solid basis
deriving them the extreme difference between the
the geological past was not taken into account.
time, the rock-making portion becomes more and

of existing facts. Yet in
existing earth and that of
Going back in geological
more widely marine, and

rivers have correspondingly diminished size and drainage areas. But, at
the same time, climates become warmer and precipitation therefore increas
ingly abundant; and through Paleozoic to earlier time the eroding carbonic
acid insl oxygen of the atmosphere are increased in amount, and corro
sion iii reby was proportionately greater. Even as late as the Middle
Cretaceous, the western half of North America was an open sea with its
large and small islands. In the Paleozoic, and still more in the Arehan,
the whole continent was in a like condition; and the Continental seas had
only little streams and drainage areas to supply sediment for the thick

formations, so that the sea did much more than half the work in its slow
Further, changing climates have occasioned changing rates of erosion
way.
and sedimentary deposition; and have made, over large continental areas,
times of great precipitation to alternate with times of prevailing drought,
and times of full lakes and of large hard-working rivers, with times of
dwindled or feeble waters. In addition, the deposits of one period have
often been largely denuded to make those of the following; and the chief
sources of all sediments are Archaan. Attempts therefore to find, in the
results of aqueous action, a definite measure of any part of the geological
past necessarily lead to very doubtful results.
Lnqth of geological time on evidence from terrestrial physics.- Kelvin
pointed out in 1862 that a limit to the earth's age is fixed by the known
DANA'S M.tNLTAI. - 65

1026

HISTORICAL GEOLOGY.

facts as to the rate of downward increase of heat and the rate of loss of heat
into space; that if the earth had cooled less than 20,000,000 years since,
the internal heat would have been greater than now; and if more than
400,000,000 years, there would have been no sensible increase of heat down
ward; and he suggested a probable length of 100,000,000 years. The
bearing
of the facts as to tidal retardation, and his hypothesis with reference to the
origin and age of the sun's heat, gave him other arguments on the question;
but the conclusions are less well based than that from rate of cooling.
Tait, arguing from the effect of tidal retardation on the figure of the

earth and the rate of cooling, concluded, that the time which can be allowed.
to geologists is something less than 10,000,000 years; and, in view of the
supposed origin of the sun's heat (by the falling together of masses of
matter), that the time the sun has been illuminating the earth is not more

than about 15,000,000 or 20,000,000 years; and, again, that the supposed.
concussion would have made heat enough to last the earth 100,000,000 years.
Croll has some speculations on this subject in Chapter xxi. of his Climate
and Time.
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Newcomb says: "If we reflect that a diminution of the solar heat by
less than one fourth its amount would probably mean an earth so cold that
all the water on its surface would freeze, while an increase of much more
than one half would probably boil all the water away, it must be admitted
that the balance of cause which would result in the sun radiating heat just
fast enough to preserve the earth in its present state has probably not

existed more than 10,000,000 years."
The first of Kelvin's methods mentioned above has been adopted by
0. King (Am. Jour. Sc., 1893), with new data, derived from experiments by
C. Barns, with regard to the latent heat of fusion of the rock diabase, its
specific heat when melted and when solid, and its volume expansion between
the solid and melted state, besides other points bearing on the subject. The
conclusion reached is that the earth's age is probably 24,000,000 years.
The safe conclusion from all the Geological and Physical facts is that
Time is long, very long; long enough for the development of all the earth's
rocks, mountains, continents, and life.

Geologists have no reason to feel
hampered in their speculations, while the extreme results of calculation are
10,000,000 and 6,000,000,000 years.
CLIMATAL DEVELOPMENT.
A globe that has slowly cooled from fusion, and has had in the past,
as now, a sun that is losing heat like itself, must have been a globe also of
But its orbit has wide variations, and the sun, it is
cooling climates.
Moreover, the present era is a time of mild
supposed, its varying phases.
climate corn Paled with that of the Glacial period which preceded it; and
hence the cooling of the climates has not been continuous and regular, but
one by oscillations, in which refrigeration was real, though often passing
through extremes in both directions.
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Yet, notwithstanding these sources of
change, no good evidence in all
Paleozoic time, except near or at its end, has been found in time fossils or
the rocks, of zones in the earth's climates or of variations in
temperature.
North America shows in its large coal formation, as
compared with that of
Europe, that it had then, as it has now, the moister climate; and therefore
that the system of winds was the same as in Recent time, and hence that
the system of oceanic currents was the same. Some difference must have
existed, and more in the atmosphere than in the waters; but it was not
enough to modify, as far as has been ascertained, the marine fauna of the
globe.
Uniformity in climate in the northern hemisphere is favored by
unobstructed oceanic currents.
In the later part of the Permian, or at its close, a cold
epoch occurred
At the same time happened one of the earth's most
(page 737).
general
exterminations of life. But large continental areas were then rising, and
the Antarctic Continent was elevated and greatly extended; so that the
elevations may have been the cause of the cold.
After the close of Paleozoic time, zones become
apparent (page 791).
But even in the earlier part of the Cretaceous period,
Cycads abounded
in the northern polar regions, showing only a small decline in mean tem
perature since the Cambrian. After the Middle Cretaceous, a more rapid
decline began (page 872); but, concordantly, large continental elevations
were in progress.
The increasing elevations during the later Tertiary cul
minated in the Glacial period of the Quaternary.
Thus, throughout the earth's history since life began, the only cold
epochs of which proof has been found occurred near or at the close of the
Permian, at the close of the Triassic, and during the Glacial period. At the
close of the Cretaceous, another epoch is suspected to have occurred, but
without direct evidence.
The post-Periiiian and Glacial cold occurred at times when the Antarctic

Continent had great extent, and therefore when the earth's polar diameter
had unusual elongation. Since the Glacial period, the polar lands have
again become submerged; but, inasmuch as Greenland affords evidence of

continued subsidence, it may be questioned whether a time of minimum for
the polar diameter is yet reached.
This review of the extremely slow decline of temperature in the earth's
climates (luring its lifetime, -be it 10 millions of years or 600 times this,

with traces of only three or four epochs of cold in the course of the millions,
is calculated to give the impression that the eccentricity cycle in the earth's

orbit is a very ineffectual epoch-making agency.

THE EARTH'S DEVELOPMENT.
The evolution of the earth's continents and their surface features is one
of the two great subjects in the science of Geology. The idea-Continents
always Continents -,,innotine ed by the author first in 1846, has been affirmed

1028

HISTORICAL GEOLOGY.

by all that has since come to light, and Geology now has, as regards North
America, a record of the chief consecutive events in a continuous
process of
It has become manifest also that the
development.
development has gone
forward not simply by enlargement about a nucleus, but through successive

stages of work in Interior seas, having, in general, Archan confines; and
that the great Interior Continental sea was not due to a return to oceanic
conditions, but a phase in this endogenous feature in the method of
progress.
Europe also had its interior seas, and Asia, -the two almost one; and so
also had Australia, for the later facts show that in Cretaceous, or Cretaceous
and Tertiary time, the Australian continent was divided in two by such interior
waters.

An exception to the general principle has been made
by putting a
But the facts suggesting the
hypothetical continent in the Indian Ocean.
hypothesis have been shown to be explained otherwise.
A detailed review, in this place, of the steps in the
process of develop
ment is not necessary.
The closing pages of the Dynamical Geology, 391
to 396, are an appropriate continuation of these remarks on the earth's
With regard to the hypothesis on page 396, respecting the
development.

r zigzag arrangement of the continents, geological history affords
no satisfactory testimony.
There is only the interesting fact that the ore
belt along the Andes of South America is continued through the nearly east
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alternate

and west bend of Central America to the Rocky Mountains and extends on
northward to Wyoming, with remarkable similarity in its ores and the age
of the veins.
Whether the supposed continental displacement gave this
displacement to the deep-seated ore region that in the earth's later eruptive
periods supplied the ore; or whether the similar position of the ore veins
was due simply to a like position of the two continents with reference to
the Pacific oceanic basin, it is not safe to say.

Details with regard to continental development have been given in the
chapters on Geographical and Geological progress, closing the accounts of the
Lower Silurian (page 524), the Paleozoic (page 714), the Mesozoic (page
867), and, the Tertiary (page 932).

PROGRESS IN THE EARTH'S LIFE.
General principles with regard to the progress in the earth's life. - The
Animal and Vegetable Kingdoms studied by science comprised, not very
long since, only living species.
Through the revelations of geology they
now include, in addition, the life of an indefinite succession of faunas
As
through the past ages up to, if not over, the herders of Arelnean time.
a consequence of these developments, the following principles were early
announced with respect to the progress in the earth's life I. Progress from aquatic Ii Fe to terrestrial life, commencing in the waters
in an era of nearly universal waters, and reaching its higher stages over the
land.
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TI.

Progress from the simple to the complex or the more
specialized;
animal life, COlflinencing with Protozoans, the
of
simplest
species, without
special organs of any kind - Radiolarjans, the minute,
silica-secreting,
ithizopod-liko kinds, having been reported (1894) from rocks of Archan
time-and becoming displayed in a few
comprehensive structural types,
the simpler forms of which appeared in
early time, and the more complex
successively afterward; the new organs required in the highest manifesta
tions of a type being only
developments through modification of the older,
or better appliances evolved from the structure for
carrying forward old
processes.
Ill. The succession under a type
parallel to some extent with time embry
onic stages in related living species, part of the
early life of time globe repre
in
some
the
senting
points
embryonic or young life of to-day.
IV. Early types, often a combination of two or more
types that were
afterward differentiated, that is, became
separate, independent branches in
the system; synthetic types of Agassiz,
comprehensive and generalized types
of others.
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The earlier species under a type often
multiplicate in structure, and
this
feature with rise in grade (pages 421, 437, 486).
losing
VI. The culmination of types, followed by degeneration, and often ex
tinction, at various times along the successive eras.
VII. In the degeneration of a type, often a partial return to some of its

early characteristics.

VIII. The Animal kingdom, one in system from the beginning,-the
grander divisions of modern time being, to a large extent, those of the ear
liest Paleozoic, (page 486), and some Paleozoic genera still having their
species. The facts prove unity in system of life as well as in organic and
physical law.
IX.

A headwarci concentration or cephalization of the structure attend
ing generally a rise in grade, and the reverse, or decephalization, a decline.
x. The localization of tribes in time, or chronographically, involved in

the physical progress of the earth, that is, in its progressing climates, and
its conditions as to water and land. As now there are different zones, and
various localizations of species on going from the equator to the poles, so
there were necessarily successive phases and increasing diversity in the life
of the world on passing from the warm conditions and nearly universal seas

of early time to the present age of frigid polar regions and greatly differen
tiated seas and lands.
Evidence with refeience to evolution by variation. -The propositions above
stated read like the heads in an argument for the evolution of the kingdoms
of life.
They were so recognized many years before Darwin's first publicar
tion on this subject.
Most of them were used by Agassiz in his lectures on
clevelopineiit, -by which he meant evolution; and evolution based on paleon-
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tological study, having therefore the successional lines which such
study
ascertains; but different in method, the change in
species being dependent,
in his view, on creative acts, and not on natural variation.
All students
of nature, with a rare exception, then believed in
permanence; for Lyell's
the
transmutation of species, in the successive editions of his
chapter against

Principles of Geology, had seemingly settled the question against Laiuarck
It was not till 189 that Darwin's work was
by scientific arguineiit.
pub
lished on the Origin of Species by means of Natural Selection, or the Preser
vation, of Favored Races in the Struggle .for Life.
The principles above stated are all in accord with a
theory of evolution;
and, through the added facts of later years, they favor the view of evolution
Some of these added facts are the
by natural variation.
following: Botan
ists find numerous cases among existing species in which,
owing to the many
varieties, no line can be drawn between allied
species; and other cases in
which modern species of plants are but slight modifications of fossil
Tertiary
species, some too slight to be called distinct species. and others more diver
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gent up to those of good distinctive characters.
Similar facts occur as a
consequence of migrations, among animals as well as plants.
Arctic America
contained, in Tertiary time, plants so much like
species existing in the
forests of both temperate North America and Japan (page 939), that the

former have been pronounced the undoubted progenitors of the latter.
Along
the Pacific coast and Gulf coast of Central America there are so
many iden
tical and nearly related species of aquatic animals that migration
during a
time of submergence of the narrow strip of land, with
subsequent variation,
is regarded as the only reasonable explanation.
These and other observa
tions have proved sufficient to make all zoologists of the present
(lay. like
the botanists, believers in a system of Evolution b1, rctriation.
It is admitted that in the geological record cases of unbroken gradation
between species are of rare occurrence.
But the geological record hears
evidence, in all parts, of imperfections.
It is imperfect, (1) because, under
the most favorable circumstances, only a small part of the existing species
could have been fossilized; (2) because in all lands there are great breaks in
the series of rocks, as is known from
comparing the rocks of different conti
nents, and even different, regions on the same continent.
(3) because fossil
iferous rocks are almost solely of aqueous origin, and consequently they
contain exceedingly little of the terrestrial life of the ancient vt)r1(t - ollo

species of Bird being all yet discovered in the world's rocks of the Jurassic
period, and two species of Mammals all that are known from the American
Triassic beds; (4) because marine strata that were formed around tile land

when it was at a higher level than the present. are now buried in the ocean,
and are therefore inaccessible, a condition that has affected half the borders
of a continent for several successive periods; (5) because only a small p:trt
of the rocks of a continent are open to view. This subject has been :tbiin
dantly illustrated in the preeediiig history of tilt- formations and their life.
But transitions have beeii nearly filled in so many cases, and are mdi-

GENERAL OBSERVATIONS.
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cated so plainly by the very gradual steps in the successional lines; the
progress of rudimentary organs may so often be traced from an early coii
difioii of good size to that of rudiments, and variations in
existing species
are so often wide and perplexing to the systeinatist, that the evidence in
favor of evolution by variation is now regarded as
essentially complete.
The argument from the facts presented on
page 929, respecting the
descent of the Horse, is strengthened
the
occurrence
by
among modern
horses occasionally of a small pair of hoofs growing from the
extremity of
the splint bones of each foot-the old toes lost
by descent back again; and
more rarely by the growth of a full-sized toe from one of these hones, on all
the feet, approximating thus to horses of the later
Tertiary (Marsh, Am.
Jour. Sc., xliii. 1892). Birds, now standing apart from other Vertebrates so
stiffly, as animals with feathers, short tails, and bills without teeth, in former
times had teeth in their jaws, and long tails, like Reptiles. Moreover, in
the Neptilian age, there were biped Reptiles, with the hollow bones and some
other characteristics of Birds; and also Mammals that laid eggs like Birds
anti Reptiles, -as they continue now to do in Australia.
There are, however, some large blanks in the series which are yet unex
plained, although investigators have been at work over the subjects for scores
of years. One of these is the apparently sudden appearance of plants of the
tribe of Angiosperms, the most common kind of Recent time, in the Lower
Cretaceous; another, the still more remarkably abrupt introduction of ordi
nary or itlaeental Mammals as successors to the Marsupials at the commence

ment of the Tertiary; another, the introduction of well-characterized Fishes,
without the discovery of their precursors. Such facts excite, at the present
time, interest in further study, but not doubts as to the general system of
progress. Already a small slender fossil, with a blade-like sculling tail and
terminal mouth, - the Pakrospondiius Gunni, from the Devonian of Caith
ness, Scotland,- has been described as probably a primeval Lamprey (an

eel-like Cyclostome, page 403). But, if correctly referred, there is still a
very wide interval between it and the early Placoderms.

Some other general facts respecting successional lines, are the following:
The lines of succession seldom connect the grander divisions of classes or tribes.
None lead directly from Macrural to Brachyural Crustaceans, or from Amphipod to Isopod
kinds. Instead, the group of Anomourans, intermediate between the two tribes first mentioned, was the course of successional lines in geological history, and of branches to both
the Macrurans and Brachyurans. In a similar way the Anisopods, intermediate between
the Isopuds and A1111)hlipOdS, or the typical Tetradecapods, were the source of branches to
these tribes. The principle is in accordance with that respecting comprehensive or syn
thetic types, for the Anisopods and Anomourans are of this nature. A line leads direct
from the higher Ganoids to the Amphibians; but, instead of lines from Amphibians to
Reptiles, and thence to Birds or to Mammals, all three groups- Reptiles, Birds, and
Mammals- were probably derived directly from the Amphibians. Instead of successional lines between Ungulates, Carnivores, and Quadrumana, these three groups were
probably derived, as Cope has remarked, from some common tribe in the earliest Eocene.
No successional lines among Insects appear to have passed between the higher tribes of
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Neuropters, Orthopters, Coleopters, Lepidopters, 1-lymenopters; but each was derived.
from some early comprehensive forms.
The results of degeneration afford other series of facts of the highest importance with
reference to the origin of species. Some of them, and a few of the principles they illus
trate, are mentioned on pages 717, 031.
Two systems of evolution. - LAMAIc1, in his system of Evolution (Phil.
Zoöl., 1809), laid down as one chief cause of variation, the use and disuse of
organs or parts, -use causing enlargement, and disuse a dwindling even to

disappearance; and one of his illustrations was drawn from the difference
He put forth, as other sources
in length of wing of the tame and wild Ducks.
of change, the surrounding physical conditions and their often abrupt changes,
and referred also, in an imperfect way, to the effect of biological associations,

The im
or the influence of the living species of a region on one another.
He added to his
portanee of the principle of heredity was also recognized.
- a tendency upward.
system the principle
DARWIN, in his work of 1859, recognized the obvious causes of variation,
but claimed that these, and all means of change, derived their efficiency from
action under the principle of "Natural Selection," as indicated in the title

He elucidated the subject of evolution by many illustrations
of the effects of breeding and culture under man's care and guidance; by
his study of variation among living plants and animals, wild and domesti
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of his work.

cated, publishing a separate work of great value on Animals and Plants
under Domestication; by full illustrations of the laws of heredity; and by
new facts, almost a revelation to science, relating to the living environments
of species, and the consequent interdependence and interaction of associated.
kinds in both kingdoms of life.
According to the principle of natural selection, "an animal or plant that
varies in a manner profitable to itself will have, thereby, a better chance of
to the
surviving," and of contributing its qualities and progressive tendency
race, while others not so favored, or varying disadvantageously, disappear.
The favored ones, or the "naturally selected," are one or two, or a few, of a
herd, or of a region; and the unfavored ones, fated to disappear because
of selective
unadaptable, include, theoretically, all the rest. The principle
these have to
breeding is used in the development of the favored ones; for

be separated from the rest of the herd for success, as in man's selection.
The adaptations are to any kind of condition, whether favorable to the
the principle
highest or to the lowest developments, so that progress under
The origin of variation is not considered.
may be upward or downward.
to
Everything in nature varies, and changing conditions are always adding
the variations.
However produced, the individual that is profited by a
variation survives, propagates its characteristics, and becomes the type of a
with adverse
species, while "multitudes" are left behind in the struggle
environments; and thus the new species, in the end, stands widely apart
from other species.
In the expression, "preservation of favored races in the struggle for

GENERAL OBSERVATIONS.
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life," the direct effects of
struggle or labor on the individual, that is, the
beneficial and other effects of
struggle itself, are not intended, though not
excluded; only the effects of
struggle or strife on disappearings and sur
vivals, under the changing conditions, are referred to.

.Auy?nentaion of variations by interbreeding fundamental in evolution.Man, by selective breeding carried on for successive
generations, has obtaiied
cattle with long horns, short horns, and no horns; fowls with
large Combs
Oil the head, with no combs, or with a rosette of feathers in
place of the
crested comb, with bare legs and with feathered
legs, with long spurs and long
for
and
with
no
legs
fighting,
spurs and short legs, and with great diversity
of color; Pigeons with long bills and with short bills,
giving them characters
belonging to different tribes of Birds, with long or short legs, with the fan
like tail of a Peacock and an attendant increase in the number of feathers.
And, similarly, diversity has been obtained in the case of
many other species.
The varieties obtained range through a
vastly wider diversity of characters
than occurs under any species in nature.
It is perceived that the law of nature here exemplified is not "like
produces like," but like with an increment or some addition to the variation.
Consequently, the law of nature, as regards the kingdoms of life, is not
permanence, but change, evolution.
Great plasticity in organic structures under variant agencies. - This is
another principle taught by the above-mentioned facts.
This plasticity
under any type is usually most prominent in one or two of the kinds of

organs, and consequently it leads to the evolution of species in lines, deter
mining genera or natural groups.
"A tendency upward," determined, in the Animal Kingdom, by the existence
a
of
cephalic nervous mass or brain. -This principle is explained on page

439.
Articulates and Vertebrates first appear as multiplicate species: as exem
plified in Worms, the earliest Crustaceans, and Fishes, and in the Myriapods,

successors to the Worms. Through subsequent changes, types having a
definite or normal number of parts are introduced, as Insects after Myria
Pods (page 721), Amphibians after Fishes (page 72), and so on.
In degeneration, Reptiles and Mammals, in some cases, have become midtiplicute: as exhibited in the vertebrte and teeth, and sometimes in the
(Pages 797, 931.)
phalanges and number of the digits.
Natural selection not essential to evolution, variations being effectual without it. - The theory of natural selection is based on the assumption that
variations come singly or nearly so, and that the selected are therefore few
The idea is derived from
compared with the multitudes that disappear.
facts afforded by domesticated or cultivated races. But such races are in a
large degree artificial products, selective methods carrying the individuals
rapidly in the direction of the variation, and producing, in a few scores of

generations, divergencies that in wild nature would require thousands of
The structures are therefore in a strained or artificial state, and
years.
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deteriorate when care ceases.

But in wild nature variations are, in general,
the slow and. sure result of the conditions - the organic conditions on
one side and the physical and biological on the other; they should occur,
generally, in a large part of the associated individuals of a species; and
When, therefore, a variation
being Nature-made, the results are permanent.
appears that admits of augmentation by continued interbreeding, progress
should be general; and the unadaptable few should disappear, not the
"multitudes."

Under such a system of evolution, -evolution by regional progress,
the causes of variation mentioned by Darwin are all real causes.
But they

act directly, after the Lamarckian method, without dependence for success on
the principle of natural selection.
Use and disuse, labor, strife, physical
changes or conditions, and organic influences act as such, and have their
direct effects.

The plants that migrated in the Tertiary from the Arctic
regions southward over Japan and North America, and became new species
on the way, simply changed. That is the sum. of knowledge on the subject.
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Man affords an example.
The gradual gain of some races in lands and
supremacy, and the disappearance of the inferior races, is an example of the
Survival of the Fittest, or Natural Selection. But the superior races de
rived the power which led to their survival and preeminent position through
favoring conditions in environments, that is, in geographical, geological, and
biological conditions and resources; through the powers of endurance, the

courage, the mind power, the will power, which conflict with nature and with
other races of men in the world is fitted to develop; and. through the power
and self-assurance which comes of a high moral sense.
Hence victory, sur
vival.

The survival of the fittest is a fact; and the fact accounts in part
for the geographical distribution of the races of men now existing and still
in progress; but not for the existence of the fittest, or for the power that
has determined survival.

Natural selection, a means of determining the successive floras and faunas
of the world; a prominent cause of the geographical distribution of species.
Natural selection is literally selection, survivals; the survivors are those
that continue on to make faunas and floras.

Independent derivation of allied species. - The existence of related
species under a genus or family on two or more continents, or in widely
distant regions, has brought up the question whether such occurrences are
not due in some cases to independent derivation.
Migration accounts

unquestionably for a large part of them; but it is doubtful whether it
accounts for all.
If not for all, if the evolution has gone forward parallel
wise on different continents, then organic law is not only the source of
change, the environments subordinate in influence, but the source of a
The subordination to the
system of changes in the progressing evolution.
law of cephalization -that anterior concentration in the animal structure,
involving posterior abbreviation, attends progress in grade-accords with
this idea of organic control.

GENERAL OBSERVATIONS.
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This vipw of tire snlmnliiiiitloii of organic evolution to general laws is
siist:iiiitbti l)y the paleontologist Professor A. Gauflry, of Paris, in his review
of t h l p:i.r;>11f'lisill between Kiiropr ;inti America in the succession of types
fmli: the Uaitibrimi upwad (Bull. Sac. m
i.lie France, December, 1891).
He f o ~
the (-orrelab tribes through the successive stages of progress,
:nnl tlnq gmliiiil changes by which old ch;imeteristics disappeared und new
ftlil.t.urt's wrre developed for the two distant regions, notwitlisbnding the
tli tTrrenrcs that oxiateil iii climatal am1 other conditions ; and lie coiroludes
tli:it. t.luw and similar facts are not all explainable by migrations, but only
It\- evolution under general laws of progress.
Orii/in of qwciea. -The origin of the special causes for each line of
cli;inge or variation, which Darwin did not undertake to study out, is yet
very iiiiperrcctly mulerstood. The paragraphs on the evolution of t.he Horse
:nu1 t l i ~Artiixltictyl, on page 929, and others bearing in the same direction,
show some success. Jt is x1mi tted that (1) bones will coiissify i f movement
between them ceases ; (2) that the progressive enlargement of one organ or
p:irt may c:iuse the dwindling of others adjoining; (3) tliat running ninler
mi impulse would I
d to a rising of the foot on the toes, to secure greater
lengtii of lever and greater speed; (4) that activity in the limbs may deterinitu* adjustments in the position of the ankle bones fitted for greatest
strcngtli and security; ( 5 ) that the use of the teeth may lead to increased
c o n i p l ~ xty
i of st ructttre.
l!ut from the statements with regard to the. Horse and Artiodactyl, i t
may be thought ~wssiblc,also, that the great elongation of the foot. chiefly
of the mehicarpals amid inetatarsals, would be a natural consequence of the
rhythniir stroke of the foot in mnning, this inducing a variation that was
~ontitiiii^ in growth hy i~iterbre~tling. And this ;mp:irpt~tsuccess in expiniiiing leads to the suggestion that the graceful form, so general in fleet
anim:ils. in:iy be a result of the free movements of all parts of the structure
in r m i t i i ~ i g ;;irlii that the horns in t-he Run~iniitttsand other Ungulates mtay
liuve mmc from a variation commenced by tlie strokes made by the foreheail
or front of the head, in conflicts.
Hut ;iii<tt?iprArtioda~tyl,the '*higli-reaching"Giraffe, puts a check to
siH~t-iil;it,ioll;
for it 1m the anterior pair of l q s much the longer, the foot
portlion :ilontb three feet long; and the neck more than triple the ordinary
lcn$tb i n Runiinants, owing to the great elongation of six of the seven
v ~ ~ ~ t e l ~The
n e . eloni;.*itiotiof the legs Ims the same purpose as that of the
n w k - fi Iiii;h-re;iclliIlg in quest of food." The question comes up -How
should t]ip Giraffe h a w had to run to make its fore leyt grow faster than
t,hp liiml logs, nnilwh;it, kind nf antics would have startwl the cliange in
thf npck : I t has t.o be supposed that the requisite auc;inentative variatiolls were somehow begun, and tlint under interbreeding, accelerated growtli
w ( Ã ˆ , , forwanL
]jut the origin of the variation is without explanation.
Ami so it is for tlie most part throughout the Kingdoms of life. Enough
is known to encourage studya
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It is of no avail to speak of chance variations.
The use of the word.
chance indicates personal ignorance.
Chance has no place in nature's laws,
and can have none in nature-science.

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

Man's origin has thus far no sufficient explanation from science.
His
close relations in structure to the Man-Apes are unquestionable.
They have
the same number of bones with two exceptions, and the bones are the
same in kind and structure. The muscles are mostly the same.
Both carry
their young in their arms.
The affiliations strongly suggest community of
descent. But the divergencies mentioned on page 1018, especially the cases
of degeneracy in Man's structure, exhibited in his palmigrade feet and the
primitive character of his teeth, allying him in these respects to the Lower
Eocene forms, are admitted proof that he has not descended from any
existing type of Ape. In addition, Man's erect posture makes the gap a
The brute, the Ape included, has powerful muscles in the
very broad one.
back of the neck to carry the head in its horizontal position, while Man has
no such muscles, as any one of the species can prove by crawling for a
while on "all fours." Beyond this, the great size of the brain, his eminent
intellectual and moral qualities, his voice and speech, give him sole title to
the position at the head of the Kingdoms of Life.
In this high position,
he is able to use Nature as his work-mate, his companion, and his educator,
and to find perpetual delight in her harmonies and her revelations.

The search for "missing links" has been carried forward with deep
interest during recent years. But although fossil skeletons have been found
among the remains of Pleistocene Mammals in Europe and America none
show any indication of departure from the erect posture, or have smaller
brain cavity than occurs among existing races of Men. The most probable
regions for the discovery of precursor forms are those of Africa and the
East Indies.
Already, since these closing pages were first in type, the
report has come of the discovery, in the Pleistocene deposits of Java, of an
imperfect cranium, a femur bearing evidence of prolonged disease, and a molar
tooth, which the describer, E. Dubois, has named Pithecanthropus erectus,
placing it between the Man-Apes and Man. Others make the remains those
of a low-grade Man, or of an idiot.
Since Man's structural relations are, in

several respects, closest with the precursors of the Quadruniana (p. 1017), his
derivation from any known type of Man-Ape has been pronounced impossible.
Whatever the results of further search, we may feel assured, in accord
with Wallace, who shares with Darwin in the authorship of the theory of
Natural Selection, that the intervention of a Power above Nature was at the
basis of Man's development.
Believing that Nature exists through the will
and ever-acting power of the Divine Being, and that all its great truths, its
beauties, its harmonies, are manifestations of His wisdom and power, or, in
the words nearly of Wallace, that the whole Universe is not merely depen
dent on, but actually is, the Will of one Supreme Intelligence, Nature, with
Man as its culminant species, is no longer a mystery.
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A star (*) after the number of a page indicates that there is a reference on the page to a figure of the
species or object mentioned ; and a section mark () Implies that the page contains a definition, explanation,
or characteristic of the word or object mentioned.
A (lava-stream), 2S7', 288, 289
Aaiemlan, 790
Aar Glacier, 287, 248, 251 ; investi
gations by Hugi and Agasslz, 248
Ables, '59
Abietites dublus, 839 ; Linkli, 834
Abrasion, 131, 159, 168, 202, 804,
SOS, 806, 941 ; assorts in propor
tion to hardness, 169; see also
Glacial abrasion, Scratches
Abroihos Islands, 867
Abyssal depths of the ocean, 229
Abyssinia. 26 (plateau), 38, 84, 177
Acacia, 921
Acadlan area of Carboniferous and
Subcarboniferous, 685
- period. See Cambrian, Middle
- protaxis, 444
- Range, 889, 891, 732
- Triassic area, 740, 741
- trough, 461, 467, 586, 587, 541,
541. 558, 683, 708, 715, 732, 748
- upturning, 786
Acalvphs, 480
Acauttiaspis arinata, 588*
Acantherpestes, 701 ; major, 091
Acanthoceras LyeIll, 865; mammil
lare, 855, 865; Mttntoili, 866;
ilbotonmagense, 866
Acamithodes, 620; afllnls, 620' ; prls
ens, 620
Acanthodians, 416
A en ntho i iiotls in rrid (is, 863
Acanthotelson Eveni, 691 ; Stimpsont, 678', 691
Acephals, 424
Acerat.herlum, 926
Acervularia, 625; pontagona, 592
Aclutmodon, 918
Achyrodon, 789*
Acid. See Bom'acic acid; Carbonic;
Humus; Organic; Sulphuric
515, 520, 521, 561,
Aculaspis,
567, 568, 579, 56, 591, MID ; lIar
randlt, 565*; Brightii, 565', 567;
callicera, 587*, 591 ; coronata, 5(17;
hamatn, 567; Jamesli, 520; Rom
ingeri, 557*, 599; tuberculat.a, 561,
562', 578, 579
Aclpeuser, 928

Aclolstocoras, 591, 602
Aclis robusta, 600
Aconcngua, 296
Acrocrlnus, 690
Aerodus, 772 (fIrst), 788; minimus,
416*, 774; nobllis, 416*
Acrogens, 485
Acrolepis, 705; Sedg'wlckil, 707
Acrothe", 481 ; Matthcwi, 475*
Acrotreta, 520; gemma, 471*, 516,
573; subcon ten, 573
Actlnia, 429*, 481, 516
Actlnoceras, 501, 546, 549, 567;
Bigsbyi, 506, NP, 514; crebri
septum, 516, 524; verum, 866
Aetinoconehus planosulcatus, 646
Actlnocrinus, 520, 567, 597, (146,
690 ; proboseidialts, 640*, 046;
simplex, 567 ; tennistriatus, 625
Acuriocyclus Ehrcnbergil, 894*
Actinolils, 4$1, 525
Acttimolite, 67's
Actinolyte, 80
Actlnopteria, 621
Actinoptychus senarius, 437*, 894*;
undulatus, 894*
Adams, Mt., 296
Amlaplsorex, 925
Adelsberg cave, 207
Adipocere, 148, 154
Adirondack Mts. and region, 85,
204, 884, 442; Arctic plants on
summits of, 945
A dmitants, 923
Adniete vlriduin, 984
Admiralty Islands, 88, 39
Adobe, 195
Adocus agills, 850; beatus, 850;
pnnctattis, 850
Adriatic Son, 41, 212
Echminn, 562
Egien, 708
iEgllna, 521; grandls, 520; mira
bills, 520
£goceras capricornus, 781*; Jame
sonl, 700; pianorbls, 790
iEgyrlto, 85
AIurodon, 910
iEon, 406, 407
.Apyornis, 54, 1014, 1019
1039

Afghanistan, 920
Africa, 17, 21, 22, 28, 26 (plateaus),
80, 81, 83', 51, 165, 297, 894, 895,
406, 435, 674, 737; volcanoes in
the Bight of Benin, 296; coral
reel's of eastern coast, 145
-, Carbonic rocks in, 682, 698; Up
per Silurian, 568; Triassic, 632,
741; Jurassic, 878; Cretaceous,
857, 859, 878. See further South
Africa
Agalmatolite, 68
Agaimatolyte, 84
Agaricus, 658
Agassizocrlnus, 600
Agasslzodus, 692; varinbilis, 680'
Agathau runs, 828, 847; sylvestrls,
847, 856
Age of the Earth, 1023
Agelncrlnltes, 516
Agelacrimmus Bllllngsl, 514
Agnostus, 478, 475, 481, 482, 480,
500, 516, 520, 521 ; Acadicus,
476*; Interstrictns, 470' ; Kje
ruth, 482; nobilis, 478'; Rex,
481', 482
Agnotozoic, 445, 447
Agonlatltes, 509
Agriochcerus, 918
Agrlomneryx, 919
Agul Range, $65
Alabaster, 60
Alachun clays, 891
Alaska, 28, 284 (snow-line), 297, 582,
943 (fords)
-, Trlmmssic in, 747; Cretaceous,
818, 82(1, 834, 868, 812 (climate);
Tertiary, 892, 893, 939; Glacial,
(145, 948
"Albatross," 60, 280
Albemnarlo Sound, 22-1'
Albert Mine, N.B., 639
Albertia, 770
Albertite, 002
Albian group, 815, 858, 859, 865
Atbirupean group, 819
Albite, ('4, 82, 83
Alca impennis, 1014
Aices Americanus, 1002
Alcyonaria, 4$1
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1040
Alcyonlum, 431S
Alcyonoids, 48I, 525
Alder, 887, 922
Alothopteris, 639, 645, 671, 685, 698,
699, 704, 756; tliserepans, 622;
glgas, 705; Helenw, (45; lunehi
tlca, 670*, 689; Serlit, 681) ; Whit
bycosis, 791
Aleutian Islands, 40, 296
Alga', 56, 60, 72, 71), 140, 153, 156,
241 ; the earliest plants, 409', 441,
454; in hot waters, 152, 308, 487,
441,454
Algeria, 920
Algerlto, 320
Algonkiau formation, 445, 447, 469
Alleghany Mts., 41, 100, 18S, 636,
638, 745; plants on summits,
driven south by the ice, 946
Alligator, 54, 55, 681
Allodon, 768; fortls, 767* ; latleeps,
767'
Allomys, 918
Allophane, 638
A Ilorchestes, 347
Allorisma subeuneata, 675*, 690
Allosaurus, 766; inedius, 886
Alluvial cones, 99, l94, 195', 196
Alluvium, 81, 98, 191, 198, 200,228,
366
Almond, 921
Alps, 23, 32, 110, 238, 284 (snow.
line), 265, 266, 310, 367', 368*, 391,
463, 738, 812, 943; coal-formation,
$4; glaciers of, 285', 236*, 237',
239, 243, 244, 248, 251; great fault
in, 734; section, east of Lucerne,
102*
-, Archiean In, $68; Upper Silu
rian, 573; Triassic, 757, 768, 769,
773, 774; Jurassic, 774, 780, 71)1,
793; Cretaceous, 859, 8114; Ter
tiary, 347, 367, 880, 919, 920,
921, 982 (upturning), 936 (eleva
tion)
Altal Mts., 82, 83, 200, 568, 569
Altamaha grits, 891
Alum Bluff sands, 890, 891
Alum shale, 806
Alumina, 6l
Aluminum sulphates, alums, 119,
126, 138, 294, 835
Amaitheus ibex, 790; spinatus, 790
Amargura Island, 296
Amazon River, 24, 80; drainage
area of. 172; eager, 212, 215;
floods of, 177, 188: slope of, 173
Amazonian group, SOT
Amber, 143, 888, 1)22
Amblotheriuni, 789'
Arublygonite, .141)
Amblypterus, 1192, 702, 772
Aniblyrhiza In undata, 1001
Amnboccplia gregarla, 621 ; umbo
nata, 598', 601, 1120, (121
Amboulcardia Cookil, 887
Amubonvehia attemi mats, .514; helli
striata, 507' ; riullata, 511', 516
Aimiboy clays, 837
Ambrym island, 296
American continent, North, growth
of, 714-716

INDEX.
A.mia, 418, 901 ; Atnia family, 788,
869
Anilanthus, 3l9
Ammodon beds, 594
Ammonia, 124, 137
Ammonites, or Anunnnoi(lS, 402,
424, 869 ; Devonian, 8(19 (first)
Permian, 686; Tilassie, 756, 75t,
771 ; ,lurassic, 749, 75*, 759*,
760, 781' (number of British),
791, 792, 793, SO!, SOt); Cretaceous,
812, SIS, 886, 841, 842', 855, 861,
802*, 865, SOT, S09, 877
Ammonites, 757, 774, 1)16: acanthl
eus, 791 ; aspidiohles, 790; A stier
ianus, 865; athleta, 791 ; auritus,
865; blO-ons, 790; bluimuniiiatus,
791); bipiex, 760, 791 ; Bucklamidi,
490; Burguntlla', 790; canalicuhi
tus, 790; complexus, 855; conca
vus, 76)); cordatus, 790; crist.atus,
865; decipleims, 790; Delawnren
sls, 854; Doshayesl, 864; discus,
790; ferrugineus, 791); Gallici,
866; Gavtani, 792; Cervlllianus,
865; glgas, 791 ; Goworianus, 790;
GuadaluluL', S55; llerveyl, 790;
llumnphriesianus, 790 ; ibex, 790;
intlatus, 865; interruptus, 865;
Jamesonl, 791); jugalis. 916; Ju
rensls, 790; Lamberti, 790; lautus,
SOS; Leonensis, 837; LewesleusIs,
862; M'Clliitockl, 760, 792; macro
cephalus, 790, 791 ; mimamumillaris,
865; Maria', 790 ; 1lssissippien.
sis, 854; Mullaiianus, 855; Mur
chisona., 790; inutabills, 790
Noricus, SOS; Parklnsoni, 71)0,
791 ; pederimalis, $36; peramplus,
866; placenta, 842'; planorbis,
790; pleurasepta, 855; pllcatilis,
790 ; ptyehoicus, 791 ; radians,
790; radlatus, 865; Rhototuagen
sis, S66; serpentinus, 790; 51)1
natus, 7110 ; suprajurensis, 791
Swallovi, S54 ; tenuilobatus, 790
Texanus, 855, 866; tricarinatus,
8)30; varioosus, 865; vespertinus,
607; \%rOsflcsSCnski, 760
Ammonium chloride, 21)4; nitrates,
118
A lumnosalirus, 758
Amnnigenla, 6l2
Ama.ba, 438; Awwbolds, 419
Ampelite, S1
Amphibamus grand iceps, 682, 683',
6112
Amphibians, 54, 409* (time range),
411. 415, -116, 417, 681, 706, 795, 796
-, Reign of, 460
-, Relation to Mmunmoals, 704
-, Paloozoic, 725-726, 727
-, Subcarbminlferous, 6-13, 644, 6-iS',
700
-, Carboniferous, 1357, (1111, 674, 681,
682,683', 4384, 61)2, 1193, -103, 7W, -126
-, Permian, 686', 687', 706, 809
-, Triassic, 742, 75!', 758, 772',
7116, 1369
-.-, Jurassic. 760, 796
-, Cretaceous, 626, 869, 870
Amphibole, 67%

A mphiholyte, 89
Amplmigone, 85
Ammiplilgemi!a elongata, 579, 590
Amuphilestes, 789'; Broderlpi, 789'
Amuphlomi, 500, 502, 516, 2l ; Cana
(lellSlS, 5112'
Amphioxus, 418, 725
Ampiiipods, 420', 421, 438, 439k,
505, 707
Aiuphltragulus, 926
Amphitylus, 789'
Amplexus, 552; Hamlitonlre, 601
Ampullina, Flseherl, 917; 8OIidula,
916
Ampyx, 481, 500, 520, 521 ; nudus,
511)', 520; Saltorl, 520
Amnsopus 1)eweyanus, 751'; graci.
Us, 751*
Ainusiumu, 760, 917; Morton!, 917;
SlIflImlicUm, 854, 855
A mnygdalocystltes, 514
Anmygdaloidul cavities, 68, 98, 886,
337,342
- rocks, 78
Amygdules, 389
Anmynodon, 1)07, 918
A myzon beds, 886, 893
Anabacia hemispha.rlca, 790
Anacodon, 918
Aimalcite, 68, 839
Analyses of bones, 73; of coal (see
Coal); coprolltes, 78; corals, 72;
granite, 82, 88; limestones, 78,
79; plants, 74, 75; shells, 72; vol
canic rocks, 82-89
Anunchytes, 59 ; ovalls, 854; ovatus,
860', 866
Anaptomorphus, 918; homunculus,
906'
Anarthrocnnna Perryana, 6,22
Anastrophia, 562, 579; interplicata,
548', 551,569 ; Verneulli, 561'
Anatllh, 420', 42l
Anatimya papyracea, 855
Anchippodus, 904, 918; minor, 904',
905
A nchisauritlre, 792
Ammehisaurus, 758; colurus, 758'
Anchltherium, 911, 919, 927
Anchor-ice, 232
Aimebura nhrupta, 854; Americana,
841', 855
Ancilla ancillops, 916
Ancoilus, 918
Ancyloceras, 760; glgas, SOS; Matheronianurn, 862'; Rewondi, 760,
887
Andalusite, 659, 66, 83, 310, 815,
$19, 319, 441)
A udsiusitie rocks, 82, 83, 84
A niles, earthquake in, 849 ; glaciers
In, 977 ; height of, 26, 296; slopes
of, 27, 31; snow line of, 284; vol
canoes, 21)6, '297
-, Archa'an In, 456; Carboniferous,
711 ; Jurassic, 700; Cretaceous,
8,571 ; Tertiary, 865, 392, 1)85; Qua
termiarv, 392
Amimiesite, 64% '273
Arnksytu, sl;, 87. 272, 278, 276,
801', 804, 839, 341, 518, 811
-rocks, 278, 274, 296
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Arnlruiuu'dit, S,'37 ; iifllnls, 831); Par.
litioril, 83i
liiIriIiiiVl It 's, 992
n&'lt his i,1stiisti, 609', 611
i". iii1iu I ,hitiiiI , 150
.rhuitis. .101), 434, 485 ; ('ro.
tiWt'411i5, 416, 48I, 8t, 888, 8.37,
'$1), 859, 6S; Tertiary,
'95, 1)21
A irk-ia. 301), 440
A uigk''9r, 335
t rigoituiliti, 459, 866
A ii'ulllarla I iiiiiiii1iisi, 854
A nhlvlIrItL, 61I, 1'20, 121, 125, 128,
13 8
A nliiiiI kltigdoiu, 9, 418, 414
A iittii:ils, gei graiIi teal distribution,
59, 5 I ; materials they atiord to
rock-iiiaLing. 1411-141, 144-152
- and plants, ill si Iii eti ye character
1st
-I 1:1-411
A lihlitIkiO Irroilli, 446, 461)
A ntMImv,iIi, s,');); borealis, 855 ;
lilt t1t'nI. 555
Anion, Fit liii. beds of, 926
A iiii:iboii Island, 297 (volcanoes)
.. flhi('Ih'IS, 5". 157, 428, 427, 4$S,
720, 721, 723
A iititihit-la, ;-0 9, 37 I, 655, 699, 704,
TI
eartiliti, 1i4, 705* ; longl
iiit, 6s9. 6112, 704 ; ininu tit, 704
raillila, 7114 ; I UnIt ngerh, 560
s1-lieitu1ihvttoiiles, 6811, 692, 704
A ti,iiliiiitzi. s37
A iiuiiiiihiicarI ('atiadensls, 476, 477*
A ii,inalocrhritis. 516
A utti&locvstltc, 562 ; oornutus,
559*
A tiomaloptervx, 1014
Aniiitila, 525 ; argentina1 854
elihtppoldes, 915 inleronema, 855
A Ii>lnware, 482
A iiiittiiiiliintiit, 65'
A niitti,1iiiits, &8, 707, 772, 773
An 'Ill' i'll ItS sCaIflhU s, 752'
A
elegina, 756'
Anoiiii rohusta, 839
nuplia nticleiitii, 579
A nutihoiihttra Ictttea, 774 ; Mflnsterl,
,74
A iiiiplotlieres, 924
A floliltIiei'Iitii, 926, 927 ; corn11111 tiC, 1126 ; ectl nilitriu ni, 926
Anorthite, 134 , 65, 82, 86,87,
, 278, :318, 818, 819, 823, 824,
A tiorthite rock, S7
A ttorthttvte, S7*
A n t. Set.- An Is
A nI-itter, 54, 925, 1002
Au tarctlc continent, 787, 798; In
the Quaternary, 1019; see also
I ;l)lld wont Land
heii-barrier, 12,52
- islands, IT
- pole, 11
- regions, 737 glaciers, 238, 241
v,)ICfltlOOS, 21)5, 2913, 297
Aittedon, 429
Antelope Park. 178
Antelopes, 1)94, 027
Aritli,lttlius, 674; Pitcahrnio, 673*
DANA'S MANUAL-66

Anthoztjnns, 481
A itt Ii riw('rpl3s tyPUll, 691
A litliracerpeton crnssoston,n, 703
Anthracite, 74, 815, 458, 648, 4354,
655', 1357, 661, 1105, 714, 782, 826;
compost) Ion, 662, 4913, 712, 7111;
In geodes, 498, 497 ; of the Calelk'roits, 41)8
-, origin of, 718-714
Aitt1traobIitttliia, 1191, 701
Antliriicuuutartuis, 691, 701 ; tnlobltits, (191; Völkollanus, 708
Atititracomyn carbonaria, 690;
elongata, 690; Ia'vls, 1390
A uttliraeopnln'ntoit gracllls, 678',
691 ; 11111anus, 1391
A ntlirac.isiiuruis R(lSS0lIl, 682, 708
Antltracothierlitni, 918, 926
A tithriu'otliren)ma rOblistit, 691
Antitrapahenton (lublus, 71)8; Gros
sartl, 703; Salterl, TO!', 703
Aittlelines, 1412', 108', 109', 186',
36S', 87.1*
Anticostl Island, shore-platform of,
221 ; Lowor Silurian in, 498, 533;
Upper Shlurhitn, 49:1, 588, 537,
581), 541, 5133, 5118, 573; species
common to the Clinton and Ni
agara, 551
Anthlopo, 927
A nthnhoti3, 3,111
Antipathes, 55
Antisana (Mt.), 20, '290
Antrim, 867, 938
Ants, 155, 419, 711, 788, 794; num
ber of Florlssaut, 901
Apntetnys, 915
Apateon poilestrls, 704
Apatlchnus bellns, 752'
Apntite, (13, 69, 79, 86, 143, 818,
447, 450, 458, 455
A Itittornts, 852
Apatosaurus liltIeftIlls, 743$, 704*
Apennines, 41, 319, 775, 812, 990,
021, 1)27, 932
Aphanaptervx, 1019; Brack1, 1019;
llaw'ktnsli, 1019
Apitutnitic texture, 76
A p1ie1up, Oil, 911)
Aphls, Aphldos, 419, 525, 1101
Aplirotlina Tippana, 854
Apia Island, 145'
AiIiier1ttus, 778; Merlanl, 791
llotssyanus, 775*, 771)
A1,Iocvstltes Cantidensls, 15,50 ; CIOgalls, 550; Gelihardl, 559';
ronenshs, 551)
A poroxylon, 1127
Aporrhais oceidentalls, 084; Sower
hyl, 925
Appalachian Chain, 24, 889, 550,
784, 748, 798, 799
- coal-field, (1-IS
- flexures, 102*, 853, 854, 355*,
856'
- geosvncllne, 357, 537, 570, 605,
629, 715
- Mountain Range, 889; character
Istlcs 01, 858-357
- Mountain System, 889, 782, 883
- Mountains, making of, 357, 387,
081, 728, 729, 786
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Appalachian protaxls, 24, 4-13', 444,
450, 461, 404, 460, 467, 488, 490,
524, 740
- revolution, 728, 785, 877
Appomuttor formation, 9435
- group, 892
Apteryx, 54, 1014
Aptian group, 8.59, 865
Aptychus beds, 791
A puau Alps, fossils of, 810
A1tus, 456
Aqllatitarino, 67
Aquitanian group, 884, 926
Arachnids, 418, 419, 420, 721, 722;
derivation, 722-723 ; relations In
hotly segments and limbs to
Crustaceans, Llmiilolds, and In
Sects, 724
-, Upper Silurian, 557, 574, 721
Carboniferous, 677, 678', 691,
708; Paleozoic, 721; Tertiary,
901, 922
Arachnophylltirn, 552
Aragonite, 61), 129, 130, 814, 317
Aral Sea, 22, 33
Aralia, 831, 837
Aralo-Caspian depression, 22, 23
Arapahoe beds, 827
Arariit (Mt.), 29)3 (height)
Araticarltes, 750, 771
Arbor vine, 485
Area, 855, 916; crassicosta, 000',
917; idonea, 917; luciUs, 917;
Inornata, 916 ; MlssIssipplensis,
S98', 916; scalarina, 1)17; subros
trata, 917
Art'estos, 7543, 757 ; clrratus, 757
Gabbl, 757, 758; giganto-galeatus,
774; Nevadensls, 757; ruber, 774
Arehtuan, 440; iron ores in, 376,
441)
- Rozoon, 811)
- map of N. America, 442, 4143*
- origin of later rocks, 458
- protaxes of N. America, 859, 393,
457, 581, 744, 746, 812, 826, 875
- ranges of the Atlantic border,
461
- system of mountains in eastern
N. America, 889
- - of the Rocky Mountain Chain,
and of the Front Range of Colo
rado, 389
Archa'an time, 204, 811, 8243, 8438,
880, 354, 3S7, 389, 898, 404, 407,
409', 410, 440-450; N. America,
442; foreign, 45)1; obsers'ntlouis,
457; ago of, in eastern America,
4436
Archielurus, DIS
Archteocaliimltes radlatus, 596'
ArehieocldanIs, 1141, 674, 707; Norwoodi, 4340k, 4346; Shumardana,
62(1; Worthonl, 1340*, 646
Archwocynthns profundus, 470*
AreliiL'onIscus Brodleb, 788'
Arehtuopliyton Newberrlanum, 454
Archicoplax slgnhfera, 1)17
Arclneopteris, 506, 639, 609; Bockschlana, 615; Brownl, 622; Gas
Itionsls, 611 ; IlaIliana, 609*, 622;
Hlbernloa, 626; Jacksonl, 595k,
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622 ; minor, 609*, 645; obtusa,
645; Rume,iana, 704 ; liogersi,
629
Arc nuopteryx, 795 ; mitertira, 75*
Arelinoptilus ingeiis, 702
Arciiit eviiIiitt ligiineiisis, 497*
Archaozolc won, 407, 441, 442, 453
Ailiegosaurns 1)eclicni, 708; minor,
703
Arehidesmus MueNicoli, 695
Archimedes, 641; Wortheni, 642*,
646
Archinieth's Ihuestones, 687, 646
Archiuivlaeris, 601
Architart)us, 701 ; rotundatus, 691
subovalis, 703
Archltectoitica, 916
Archiulus, 691, 701 ; Dawaoni, 691
euphobeiluides, 691 ; Lyclil, 691
Archvpteryglan, 795
Arcoptera avicuhtfortnis, 900*, 917
Aretia, 723
Arctic bathymetric map, 950
Arctic border of N. Amer., 364, 781)
- emigrant plants of the Glacial
period still surviving, 945
- Ocean, 81, 48, 359, 814, 819, 827,
857
- pole, 17
- regions, climate of, 256, 524, 799,
793, 1026
- -, Arcbwan In, 442; Carboniferous, 606, 685, 659. 6438, 4389, 6146,
704, 711 ; Cretaceous, 818, 818,
868, 877, 930; Devonian, 606; iii
rassic, 749, 760, 792, 794 ; Lower
Helderberg, 559; Lower Silurian,
490, 495, 524; Mesozoic, 798;
post-MesozoIc, 874; Niagara, 541,
544; Paleozoic, 798; Subcarbo
niferous, 4344), 4396; Tertiary, 880,
938, 939 (plants); Triassic, 792;
Upper Silurian, 544, 552, 571
Arctocyon, 925
Arctomvs, 919
Aretosaurus Osborni, 749, 792
Aretotherium slmum, 1000
Ardea tierodias, 767
Ardennes, 626, 696, 784
Arein, 521
Arenaceous rocks, 400, 491, 495,
515; shale, 468
Arenarla giabra, 946; Grönlandica,
946
Arenicola, 42$; marina, 420*, 428
Arenlcolites, 446, 482
Arenig group, 517, 518, 520
AreqLIipa Mt., 274, 296
Arethusina, 521
Argentine Cordillera, Cretaceous in,
8437
- Republic, Cambrian in, 4&3
Arges arinatus, 627*
Argillaccotis rocks, 78
Argillyte, 80, 84, 89, 871, 408, 581,
659
Argonaut, 424
Argovlan, 790
Argyroectus, 927
Argrosaurus, 867
A rica, earthquake at, 213
Arionellus, 482

INDEX.
Aristolochia, 8943
A spidneeras, 794
AristoZo(' rotuiiduta, 474*
As piiloiiiv richus, 784*
Arizona. 93 (height). 135 (agatlzed Asplciiium erosuUi, 889 ; flUx, 74
wood), 187, 84)0, Ml
Ass, 55
-, Areliwait in, 441) ; Cambrian, Assut Lake, 200
4643, 469, 477, 484; Upper Silti AIA11ICLIS, 758
nan, 541; Devonian, 551; Carbo- Asturte, 780; anhiosn, s37; Baiiksii,
1)ifcrotls, 469, 658, 4374 ;
1)88, 984 ; borealis, 984, 995; c0111.
461) ; Permian,
16430
Sub-carboniferous,
pressa, 791 ; elliptica, 9S.3, gre
.11 ,assic, 747 ; Tertiary, 987 (erup
garla, 790; Lauroutlaua, 1k-I
tions)
minima, 7$9*, 700; obliqiia, 790
Arkansas llot, Springs, water of,
ohovat.a, 867; protracta, 916;
Smi iitbvillen sIs, off); Sti iirucomal
analyzed, 121; lead wines, 349,
522 ; novacubte, SO
lIna, 790; unilulnita, 917 ; eta,
- Canon, 495
887 ; vicina, 917
Arkosc, S2, 741
Astartlan group, 7110
Armadillo, 54, 1002
Astorlas arenicola, 994
Aiinurieaii sandstone, 521
Astoriolds, 42S, 429*; Lower Silu
Anniuceras II iiinbuldtl, 760; Novarian, number in Great Britain, 59!
dense, 7644; Nevaduum, 759*; A steroetihi&na Noveboracensis, 4310
\ooilhuili, 760
A steroleiids, 417
A en iotites \ancou verensis, 758
Asterolejils, 625, 4326, 627
A sterophyllitcs, (139, 671, (191), 794
A114IlnitC, TO
Artesian borings (wells), 120, 207,
aclcularis, 692 ; clegunis, 691)
257, 522, 742, 859, 890
equisetiformis, 4345, 67l. 689
Arthirockina Billingsi, 506*; cor
foliosus, 689; latlfohius, 596*,
liutlilil, 5)43*
622; suhinevis, 671*, 689
Artlirolveosu anttqua, 678*, 601
Asteroliteris Novebonaecnsis, 610
Astlienmiomi segnis, 767*
Arthrophveus 1Inrlani, 541)
Astian group, 027
Arthropods, 141, 419, 428, 455, 469
Articulates, 141, 4014*, 418, 419, 420*, A storhi, I )regon, sandstone veins,
344* ; sandstones and shales, 892
487, 489, 674, 717, 720, 78$*
Artiudnctyls, t)06, 907, 1)09, 910, Astoria clay-shales in Washuiigton,
911*, 918, 919, 924, 927, 928, 930
892
Artisia, 673
Astran distorta, 791
Astraosponmgia, 550, 584, 590; ujen
Artoeni-pus Lessigiana, 839
Arum family, 777
iscus, 5)O
Astral neon, 440
Arvonian period, 446, 457
Asaphus, 422, 489, 4S8, 500, 509, Asti-aspis desiderata, 509*
508, 516, 591, 551 ; Canadensis, Astroceriuta venustum, 551)
516, eanalis, 503, 517 ; llonifravi, Astrocania, 777, 778 (number of
British)
520; marginalis, 503; megistos,
429, 512, 551 ; obtusus, 50$; platy Astrodon ,Juhnstonii, 8,16
cephalus, 492, 54)$*, 512, 515, 5143; Astvlospongla, 515, 550; parvula,
51$ ; Ihomneri, 503
Powisi, 519, 520; tyrannus, 520
Asbestos, 67, $19
Asynuptoceras capax, 691; Newtonl,
691
Ascension Island, volcano of, 200, 297
Ascidlaris, 55, 418, 725
A tacruna desert, 51
Aseoceras, 551 ; Caiiatlense, 573; Atacamite, 385
Maw', group, 831, 887, 888, 889, S72
Newberryi, 551, 578
A ta nekerdl ink seeks, 1)21
Ash beds, 80
- of coal, 661, 662, 43433, 664
Athabasca Lake, 21)
- of plants. 73, 74, 'it); see also Athrodoii, 759*
Volcanic ashes
Athvnis, 4342 ; angelica, 51)2, 4321;
('Oii(Onti'lCiZ, 426*, 4326, 4327 ; In
Ashley beds (marl), 888, 891, 917
nielli isa, 704 ) ; s ililt'eioid es.
Asia (see also Eurasia), 19, '22, 28,
4101; sub) ilitni. 675*, 685, 7(44, 711
24, 31, 39*, 83, 34. 414, 41, 50, 1435,
398, 31)4, 895,39S, 404, 787, 871, 1)88 A till Island, elevation, 850
Atlantic City boring, 875
-, Carboniferous in, 632, 693, 704)
Li w(r 51111ilat I, .521 ; [T1 pir - coast of N. A incr., 948 (tior.Is)
Siili$lileii(i in progress, :35(4
Silurian, 568 ; 'I't-lassie. 639, 741
division of Areluimni rocks, 446
tacci
iii
867
3435,
Crc
; 'Fcrtlary,
s,
919, 988, 1)86, 9311; Quaternary, - Ocean, iT, 11) ((1(1141'), 20, 21. 31,
34, 441, 49, 43, 4(1 (temperature),
1)50
47*, 45, 49, 121 (saiiiiltV'), 980
-. eastern, Island chums, 44)
Asia Minor, 296 (volcanoes), 920
(hut) urn), '259, 2543, 354, 31)1, 814$,
543, 537, 793 ; ole111ioes In, 297
(Eocene)
- --. currents, 43, 44, 45, 46, 47*,
A io-snii ('I I.), 277
T$
45, 2543
Asphalt,
-- - and i'ael lie In lower ('retaceAs1ikklIa Terra-novica, 446
(illS iimill cii I,VCI' Mexico, 814,818
Aspliliuni 1)uiikerl, 8441 ; flUx, 74;
Atlantis, 5043
Lakesli. 939
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Atlantis or fl1, 20, 217
A tInntOeIIPIV S Moi'loni, 849
A tliintosiiuriis liiiiiiants, 764
IIniii isa t ru s bt'(Is, 748, 758, 760,
7131, 7641, 67, 7115, 7713
Athis Mts., 83
(1$ ; Currents of, 49;
weight tot'. I.'),;
- as a iiion inn kiti agent, 115, 158IllS
-, c ilninIn noki in, 128, 727
estittiatta iliiilt, 113, 158; varln
thins ill density, 's13
of the tJtkrlfl) iiIc era, 711; Palcozol&', 727
Atmospheric dust, 118
Atolls, l4ti*, 146, 147, 148, 149,
150, 151, 221, 227, 850, 664
Atrn&'tItt's, 757 ; seciindns, 774
Atrotllk, 59
(trVpR, 46*, 520, 552, 5132, 612
aspern, S91, 6191, 595*, 601, (102,
62.5; cojuata. 565; (lesqflamata,
1328; lieiiiIsihierica, 550; hystrlx,
618* ; inibrkata, 5'20 ; Impressa,
59(1 ; heyk, 6,25; navkula, 568 ; no
551 ; oblatu, 5-tO
dostrlnta,
ocelden tails, 51(0; retlcuinris, 426*,
522, 54t, 5544, nSI, 552, 5132, 567,
5135, 5(19, 572, 590,, 591, 592, 598*,
601, 4102, 1312, 1320, 625, 1126, 627,
rtigosa, 551
Atrvl>Ina disparllls, 548*, 551
AturIn Avian, 925
Alibi vs,don, 8Sf,; mtrnndus, 956
Aubro iliiicstone, 658; sandstone,
1'>5
Aitcelia, 745, 749, 760, 794, 809, 818,
834, 835, 887 ; Erringtoiil, 759*;
grypliieohles, 865 ; I'IoeluII, 884,
35*
Aui'cIIa beds, 748, 776
A uelienapsis, ('>25
Anclienla major, 1001 ; minor, 1001
-' ueklan>l Islands, 37
Augite, 6*, 55, 86, 87, 88, 295, 824
- afl(Iesvuc, 57w, 265, 824
-diorvti', 813, 2136
- granite, S5
- quarti-svonvte, S5
- syonvie, s5, 817
Augiti rocks, 9, 34(9, 371, 449
A uigltolivri. 77
A tilacoeeras I 'arhittensis, 758
A 111(11 ,r:i, 55(1, 5412, 4121; precia, 550
re a'us, 550 ; tuhiformIs, 628
Ai,rlfirouis hell. of the Sierra, 809
A uirovlis, 927, 1006
A itrorni group of Uogers, 49(1, 728
A uistiri limestone, 815, 817, 524, 855
A utstlu- I)alias chalk, 524
A listial;isiiii chain of islands, 87,
$5, 31(, .10
Australia, 17, 19. 21, 22, 34 (system
ui reliefs), 39, 51, 55 (animal char
acterlstins), 148 k 151 (reefs),
158, 8413 (sea level at. center),
894, 895, 395, 4013, 415, 41S, 657,
715, 797, 798, 83$, 8611, 874 (eon
tiectiot, with S. Africa), 921, 948
(1-lords) ; related in species of
birds to New Zealand, 14)19

Australia, Cambrian in, 488; Lower
Sliurlan, 522; Upper Silurtan, 568,
564; Devonian, 628; Carbonic,
(182, 4198; Permian, (182, 698, 737;
Trlask, 1382, 6149, 791, 7t477t)5
311ni8s1e, 6119, 770, 776, 7141, 792;
Cretaceous, 587; Tertiary, 987;
Glacial, 948
Australian Alps, 34, 880
- types In Europe, 1122, 989
Austria, upper Sliurlan In, 578
Snbenrbonlforous, (198 ;
6143, 696; Permian, 6148;
Carbon-iferous,
Triassic, 755, 768, 769 ; Jurassic,
774; Cretacecius, 857, 859, 864;
Tertiary, 926, 027
Austro-ltiisstnn Cretaceous basin,
857
Auvergne, 26, 274, 297 (volcanoes),
(122, 988 (eruptions)
A iix VLIS&S SIiiIdl(tonc', 6138
Avalanche, 2t38, 247
Avaion, 4413
Aviculu, 525, 549, 585, 756, 916;
contorta, 770, 771*, 774; demissa,
511*, 516; echlnata, 701 ; emace.
rata, 548*, 550, 551 ; exIlls, 774
expansa, 790 ; llomfrayi, 157
InaquIvalv1s, 790 ; Kazanensls,
707 ; llnguiformis, 855 ; longti,
690; Mlliisterl, 791 ; naviformis,
5(12; obscura, 558; avaIls, 71)0;
rtmmboklea, 5413*, 551,)
Avicula contorta beds, 7439
Aviculti family, 840
Aviculoides lahiatus, 855
Avlculopecten, 562, (102, 620, 1321;
altus, 757 ; aniphis, 4147 ; Burling
tonensls, 647 ; dupllcatus, 613*,
1321; Idaluoensis, 757 ; oblongus,
647 ; ()went, 647 ; Pealsi, 757
prlueeps, 6(42; reetilaterarlus, 600
Axinuen, 016
Axititte, 810
A,dnus angulatus, 925
Ayunestry limestone, 568, 567, SOS
Azof Sea, SIR
Azulc, 440, 468
Azores, 41, 297 (volcanoes). $08
(geysers)
Buiclllaria paradoxa, 487
Bacteria, 52, 136-187, 486, 441, 454
Ihict rItes, 621; nekula, 613*, 621;
ciavus, 599; gradills, 627
hinctilites, S4$, 85(1; aneeps, SM,
SM, $117; annulatus, 855; tisper,
855; Clilcoensis, 881; compressus,
842*, 843, S5-t, 855; Fnujnsl, 866;
granllis, 855; ovatus, 842*, 854,
SM; Splilmanl, 855; TIpponsls,
855.
Bad Lands, 8(48, S1t4
Badiutites, 757; Carlottensls, 758
Baffin Bay, 40, 44, 252 (Icebergs),
444
- Land, 444
Bugshot beds (sands), 920, 925,
926
Bahamas, 162, 168, 213
Biiluian group, 867
Bahlo Glacier, 240
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Balera, (155, 698, 750; digltata, 105;
longlfoila, 838; Virginians, 705
Baikal (Lake), :38, 200
Bajoclan group, 775, 700
Baker (Mt.), 296 (height)
- Island, changes in position of
beach, 225
Bakewelhia antique, 707; parva,
685*
Bala group, 517,518,520,569; limestone, 519
Balaun, 144
Baln'noptera, 144
llalatonites Vancouverensis, 758
Bald Mt., 467, 473, 495, 496, 527,
528*
Baleen Whales, 912, 925
Balkan peninsula, 71)8
Bali ore, 6134
Baliston Springs, analysis, 121
Baltic provinces, 768, 794
-Sea, 41, 121 (salinity)
Baluchistan earthquake, 875
Bandal-san eruption, 298
Banks Land, 635
Baphetes plaulceps, 682, 692
Baptanodon beds, 748, 75S, 7410
Baptanodon discus, 761
Baptortils, $52
Ilaptosaurns fratornus, 848; platy
sPhOfldYlUS, 548
Baraboo quartzyte, 465
Barbados, 168, 433, 935, 936
Barbatla parra Missourlonsls, 8813
Baring Is!., 659
Barite, 69, 143, 831, 888, 342, 4143,
745
Barium sulphate. See Barite
Bark, composition of, 718
Barnacles, 157, 421, 518; Cornlfer
oils, 586, 587; Hamilton, 600*;
Lower Silurian, 4913, 720;
Paleo-zoic,
721)
Baropus lentils, ('>84*
Barornis regens. 902
Barrandla. 520, 521
Barren (Lower) Measures, 684, 4148,
4151-1352, (156, ('>57, 677
Barren (Upper)Measures, 684, 648,
651, 1157, 61144
-See also Permian period
Barrier reefs, )4$*, 149*, 150*, 151,
227. 541, 713
Barriers, sand, ofcoasts, 223, 224*
Barrow (Point), 641)
Barrow Strait, 5-14, 552
Barton clay (SerieS), 925, 926
-coal-bed, 4152
Bartoulan group, 925
Barverlnus, 138
Barvia, Bnrvtes, 69
Basalt, 16, 67, S7, 184, 259, 2S8*
BasalIIn col uuins, 1161 *§, 262*, 268,
274
Basement Complex, 458
Basic Igneous rocks, 64, 65, 86, 278,
938
Basllosnurus, 908
Bat. See Bats
Bat guano, 158
Bath Oöhyte. See OSlyte
Bathonlan group, 775, 790
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Batituist, N.B., $50
Paleozoic, 468; TertIary, 9211, 921,
- Land, 659, 749, 792
925, 926; Upper Silurian, 5(18, 569
Belinurus, 701, 720; arcuatus, 703;
Bathyactis syinniotrlca, 57
Bathvcriniis, 59
1eginte, 703 ; trllohitoklt's, 703
Buthygnathus borealis, 741, 758, Belle Isle, 4(37 ; Strait of, '198, 873
754*
Beilciophon an th1uatus, 4Th* ; bIle
batus, 507*, 514, 520, 591, 550, 569;
Bathylite, bathylith, SI I §, 988
Cauibreiisis, 48! ; caibonarlus,
Batliyiuettic niap of the Pacific and
Atlantic, following 20
)175*, (390 ; carliiattis, 520, 567, 573
- of the Arctic Ocean, 1)50
c.yrtolitus, 647; dilahitus, 567
-of the Atlantic border of New
expansus, 578; mara, 592, 013*;
natator, 690; nodosus, 520 ; patu
Jersey, Long island, etc., IS
lus, 602 ; trllobatus, 567; Un!,
Bathynoutus giganteus, 59
690, 711
Bathynotns holopyga, 478*
Bathyopsis, 918
Bellerophon limestone, 660
Bathyurellus, 500, 503; nitidus, 501* Bell's Landing beds, 888
Belly River group, 830; region, 825
Bathyariscus Howell, 476*
Bathyurus, 500; Angeilni, 503, 517;
(coal), 88))
arinatus, 501 ; conlcus, 517 ; cro Belodoii, 754, 758; Carolinensis,
tallfrons, 501*; extans, 517; Sat
754*; liniscus, 754*
ford!, 591*, 517
lh'lodonts, '172, 773
Batocrinus, 041, 046; Christrl, 640*, Belu,ll Mt., 531
646; longlrostris, 428*, 480, 640*, Belosepia seploldea, 925; ungula,
646
5()'1*, 916
Batodon tennis, 858*
Beluga Vermontana, 983
Bats, 58, 54, 158, 415, 721, 797, 907, Bembridge beds, 926
910, 924, 926
Beneckia Buchil, 773
Batscham, tide at, 211
Bengal coal-beds, 698
Bavaria, 26, 4,53
fenton group, 815, 829, 850
-, Archican In, 458, 454, 456; Cre Benzine, 74
taceous, 857; Jurassic, 774, 776
Berea grit, 008
639
Bay of Biscay, 877
- of F'undy, 210 (tides), 850, 444, Bergkalk,
Bering Sea, 4$; Strait, 48, 48, 257,
461, 586, 741
877, 950 ((try ?)
-of Plenty, $74
Bermuda Islands, 20, 46, 145, 162,
Beach formations, 94, 95, 151, 202,
913, 224
222, 22.3; structure, 93, 99, 222
Bernardeton, Mass., 810, 325
Bear Island, 685, 704
Berniclan group, 695
- River coal-beds, 825, 839
Beryl, 67, 69, 832, 336
Beauchamp sands, 925
Boryllla, 07
Beaumort beds, 699, 707, 770
Beryx, 862; insculptus, 843
Beaver River, 947
Besano dolomyte, 774
Beavers, 55, 904, 911, 927, 950 (mi Betula, S-li)
gration)
Beverly Island, 89
Becraft.s Mt., 581, 552, 558, 559, 577, Beyrlehla, 516, 562, 567, 648; bella,
578. 579
515; lata, 582; spinosa, 550; syin
Beds, T6, 91, 92 (kinds)
tuetnlca, 549*, 550; tnisulcata, 558;
- of ore. Sec Ore-beds
ii bercu Iota, 5(18
- of sand, mud, limestone, etc., Big Cottonwood Canon, 476, 495
- I torn basin, 898, 91)6
simultaneously in progress, 899
- horn Nits., 26(3, 478, 748, 880
Beech, 812, 837, 922
Beehive Geyser, 807*, 308*
Bllllngsella frstlnata, 4fl* ; grail
Beeuieryllle rock, 5.32
(heva, 409, 500; oi'leutalis, 471*
Beetles, 419, 679, 702, 721, 722, 771, Bilobltes, 474, '46; bllobus, 551
881
Biotite, 65, 88, 85, 80, 87, 318,
Begglatoa, 137
32))
Bela exarata. 984 harpularIa, 984; -gneiss, 83; granites, 82; mica,
robusta, 984; tiirricula, 9S4
320
Belcher Expedition, 799
Birch, 837
Belernaltella Americana, 842*, 854; Bird of paradise, 54
hulbosa, 855; inucronata, 855, Birds, 141, 168, 414, 415, 721, 752,
866; plena, $66; quadrato, 8)16
786, 789, 794, 105, 796, 877, 819,
liciernuites appressus, 885; cana914
-, Triassic, 79-i; ,iurnssic, 7)17, 77(3,
licuLatus, 791 ; clavatiis, 790, 791
densus, 758*, 760; hastatus, 790;
78$ 7$$ 71)5. 7ftl, 852, 871
812, 850*, 851*, 852, 8(34,
Jaculuin, 865; Nevadetmis, 760;
Cre-taceous,
niger, 760; Owen!, 790; Pacilictis,
870, 871 ; Tertiary, 888, 893, 1)02,
760; paxlliosus, 760, 782*, 790;
921, 928, 925
vulgaris, 790
Blrdses'e limestone, 489, 492, 498,
Belemnothuthls, 782; antiqua. 782*
494, 508, 505, 515
Belgium, Carboniferous In, 693, 096, Ilis11111th, 881
768; Cretaceous, 838, 859, 8(18; Bison Anierlea iiiis, 1001; all tlqii us,

1002, crassicornis, 1002; latlfrons,
9919; prlscius, 1015
Bitter Creek group, 880
Bittern, 120
Bittinin Clilpolanuni, 917
Bitumen, 837, 581, 593
Bituminous coal, 74, 124, 649, 655*,
661, 095, 714, 731, 741, 895; analy
ses, 485, 662, (36)3, 6(14, '112, 118
Black Bhtiti' beds, 888
Black Dome, '27
- Forest, 61)8, 734
- hills, 880 ; Archa'an in, 444
Cambrian, 469; Niagara, Ml,
543; Carboniferous, 658; Trias
sic, 7-16, 747 ; Jurassic, 747, 748,
758, 7)30; Cretaceous, 818, 827,
829, 832, 848
Black lead, 62
Black River limestone, 489, 492,
491, 508, 506, 518, 514, 515
Black Sea, 22, 857
Blackfoot Basin, 747
Blake plateau, 280
Blanching of rocks, etc., 134, 822
Blanco group, 884, 885, 895, 912,
919
Blastoldocninus cauchariden s, 503
Blastoids, 480, 547*, 548 (first),
555*, 590, 641, 64u1
Blast omneryx, 911, 919
Blattaihe, 757
Bleaching. See Blanching
Blende, 70, 383, 493
Block coal, 661, 602
Block Island, 852
Blood rains, 168, 165
Bloomsbury conglomerate, 594
Blowing-cone, 2'19, 284
Blue limestone of Owen, 493, 516,
72S
- or Macluren limestone of Safford,
494
Blue Mts., Australia, 34
Blue Mts., N.J., 532
Blue Mts., Oregon, 748, 749, 811,
880
Blue Ridge, 468, 745
llluestone, 598
Boa constrictor, 156
Boavus, 901
Bob, Mt., 552, 558
ladle Mt., auriferous veins of, 834
Bog-head cannel, 669
Bog 01-e, 128, 129, 708
Bohemia, iupturnings in, 630, 784
-, Archa'an In, 455, 456; Cambrian,
482, 518; Lower Sllurkin, 518,
521 ; Upper Silurian, 563; Car
boniferous, 696, 708, 723; 'l'rlits
sic, 76$; Cretaceous, 888; Ter
tiary, 988 (eruptions)
Bohemian formation, 585
Bohenuilla, 521
Bolulerlan beds, 926
Bolivia, 26 (plateau), 41, 296
627, (128, 711
(volca-noes),
Bolodon, 7$9*
Bolarulan, 791
Bombay, 299
Bombs, volcanic, 9$7*, 289
Bone-beds, Quaternary, 802 ; Tor-

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

INDEX.
tinry, 902; Triassic, 760, 773; Bridgor group (beds), 884, 886, 808,
Ujilper Silurian, WO
1)01, 904, 905t 90T, 918, 028, 025
)3$, 2, t8 (analyses), 141, - Lake (basin),
882, 81)8
113, 144, 158, I)3'2, lOt)
Brier 11111 coal, (157, 662
ltunuttvllk hake, (I. K. Gilbert on, Brine springs, 120
2112, :1.9
Brines. Se Salt
itiuy etl-hed, 656
British Channel, 16, '210, 986
it'tIttit l't'iIx, 41)5
- Cohtuiibta, 25, 889, 399, 812, 948
1&ritcie itch!, (18, Oil, 818
Iiords ) ; Cambrian, 474), 477
IIoi'itt'ite, I1.9.)
Carboniferous, 659, 074 ; Triassic,
I ratt springs, 818
14fl, MT; Triassic and Jurassic,
Iiratcs, 111.), 181, 820
ThI), Sot) ; Cretaceous, 818, 868
lliunx,
Glacial, 945,
Quaternary, 950
- Lake, siliceous deposits, 828, 884, lirittit in' utilteti1)48;
with Cornwall, 03)1
$35
Broad Top, (149, 651)
Boring nttI,iials, 151, 425
Bromides, 68, 885, 341
Borneo, 40, 297, 696
!ii'oiuiiit, 68, 120, 881
IlorTila Inirnata, 610 ; transitiouls, 111oino-clilorltle, 840
6t)1)
liroitteus, 552, 5)31, 562, 568, 599,
Bortilte, 835, 145
625, 62(1; grandis, 627; pompillus,
Boron, cia, 320, 885 ; salts, 820
501*; Tiiliius, 599
Borultagus, 1)11)
Brotitops,
918; robustus, 909*
11015011 Ia 1,iet,IIii'ii, 916
Brontosaurus oxceisus, 7(18*
Bus, 927 ; A inerleanus, 1016; pri Broittotherluin, 914*, 018
uiigenius, 1006, 1016; Urns, 1016 Brotitethonluni beds, 8S6
Boston basin, 782
Brotitozoum glgan teum, 752*
I3otltpiohihis, 918
Ilronzite, 6T, 780
Bothrlokliis, 616*, 611, 619, 025; Brooklyn, N.Y., water supply of,
Cat iiensls, 616*, 617; minor,
206
621 ; nitida, 621
Brookvllle coal, 652
Botrvoconus, 6S9 ; Pitcairnltu, 678*, Brown coal, 74, 662, 712, 713, 714,
674 ; priscus, 678*, 674
920,922
Bottom-lands, 1SI
Brown's Park group, 886
Bourbon, isle of, 29)3 (volcanoes)
Brownstone, 74(1
Biirh'enne-Ies-Bains, thermal wa Brunswick, 709
ters at., 885
Bryozoans, 141, 142, 147, 418, 419,
Boll
7)39
425*, 42T
Bow Iiver region, 1,26 (coal)
Bubo leiitostet,s, 902
thiwiler clay, SI , 2511
Bucattia, 503, 521, 562; rotundata,
Bwi,lers, sI, 127k, 1164 (in coal)
502*; sulcata, 503; trilobata, 54.1*,
,e (lacier Drift.
549, 550
Bracliates (lirachinte Crlnokis), Bticcinurn Gr,enlundlcurn, 98.1, 995;
429
tiittlattitn, 984
Briwliipods, 59, 60, -1259, 42)3*, Btiehk&'ras I rlteq pIlcitti In, 887
421* ; articulate and Inarticulate,
iittlcritale, 886 ; Swallovl, 854
45 471
Buck Mountain coal-bed, 656
13tm-iiiosortgIa, 515; digltata, 504", Buuckitigltain (Va.) Triassic area, 141
51:1 , It
Iluckler, 421
Brach vItiet ,ItS, 676, 700
Bull limestone, 494
Buiirstono, 82, 885, S8S, 8S9, S90
Braciivie.alis, 919
BrLtchvitrahls, 59, 420, 48Sf 480, 707, Bulitnuis ulliptlcuit, 926
720
Bulk, changes of, In mineral
lIt iekie.lt:rtii lads, 923
changes, 131, 188, 153, 528
Bra,!I'ordliiii, 790
Bulla, 916 ; siteciosil, 841*
Britne Mates, 4119§
Bulllnella Jiieksonensis, 916
Branch lostiti ins, 706
Bnint'lia, 922
lIi-anchiostoiiia, 416§
liltilit-iliI-11 S, 918
Bra itclivlilt' grii Itic eiuS, 82)3
Bunker 11111 Monument, 21)0
Ilraiilott, Vt., lignite bed, 57, 895
Btintorsuntlstein, 411, 738, 71)9
l3rati,icitk-kc
Buiprestids, 711
Iirnzi I, :1111 t it ii mitt s), 184; A rehaa u Bultrestis, 753* (wing-case)
In, -ISO; ('ari,,itilk,ritis, 659, 687
Bit rdigaiiaii group, 926
I )cvnI:iti, 627; Jurassic, 17)3
Rtunlliigton group, (184, 1)87, 1)88
- litnestont', 646 (Cuinoids), 647
( t('tUfli5, S7, 8.'. 8)37
B i-tiik s iii I it geoltt.leai record, 406, llurnetan, 446
Busycoui Bairdii, S55
lIrtielit, SO
Buthotrephis 54-1 ; gracilis, 504*,
titt(ii:tt(cl tIit, 330
541) ; liarknessi, il9 ; raiuosa,
54l), sucetikus, 5fl4*
Brick-clay, 81 §
Bricks from the depths of the Butterflies, N, 419, 079; Tertiary,
A IIntitj,, 28u
2112, 881, 900*
1! tilgi itian " Island, 296 (volta noes) Bynmn Martin IsI., 659
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flyssoarca protracta, 916
Byssus, 424S
Cadallosaurus, 706
Citdent serIes, 728
Catlomeilit, 700; Moorei, 779*
Cadulus turgidus, 915
Cicuopus, 1)18
Cnerful group, 481
Ciuslum, 8135, 4-It)
Cithabit Coal-hiekis, 657
(alnozole. See Cenozoic
Caithness flags, 028
Caking coal, 661, 662 (analyses)
Calabria, earthquake lit 1788, 875
('aliuis united with England, 036
Calaniary, 424*
Calamine, 84,21
Calamnltes, 027, 629, till, 699, 704,
718; approximuatus, 654, 689;
aronaceus, 774
cannieformis,
622, 671*, (189; Cistii, (189 ; miii
atus, 622, 026, 704; rawosus,
680; Suckovl, 1)45, 654, 685, 689,
692,704
Calatuitlds, 089
Calamodendron, 699, 718
Calamodon, 917, 918
Calamnopora spongltes, 810
Calamopsis Dana', 595*, 896
Culanius, 485
Calaveras skull, 1012
Calcaire carbonif,re, 632
-- conchyllen, 761)
- grossler, 205, 884, 920, 928, 904,
925,926
Calcareous deposits, 181, 132*, 188,
152-153; fossils, 129, 130, 814
- organic
rock-material, 72, 184,
140, 144, 487, 406; rocks, 7*-S0;
sponges, 481
- waters, 805; consolidation by,
183
Calceocrinus llarrandel, 514
Calecola sandalina, 427*, 6211, 627
Calceola slates, (32(1, 627
Caiciforotis 01)(iCh, 490, 491
- limestone group, (195
- sandrock, 45*, 41)0, 500
('alcispongliu', 481
CalcIte, 15 (density), 6S*
Calcium, 61, (17; bicarbonate, 122,
129 ; borate, 120; carbonate, ti2
chloride, IN, 120; fluoride, 73,
121 (see also Fluorite); iodide,
120: calcium -inagn isiti in eat-henate (see Dolomite) ; nitrate, 137
phosphate, 6$ (Apatite) ;
72, 73 ; sulphide, 125
sul-phate,
Calcyte, 79, 816, 827, .1914; converted to diitoiiivtc with ditnin
ished bulk, 1$-I, 528
California, 18, 28 (heIght), 25, 29;
slllcitied forests 0)', 1:15; flhittoiii
bed, 152 ; Salton Lake, 201); vol
canoes of, 21)6; Table Mtn., 300
Borax Lake, 1323
-, Arehican in, 4-14 Silurian, 809
Devonian, 581), 51)2; Carboniferous, 1359, 674; Triassic, 746, 757,
800, 810; ,Jtmma-Trlas, 749; Jurassic, 748, 7-19, 759, 760, 809
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Cretaceous, 317, 318, 325, 811,
818, 820, 880, 834, 887, 840, 868
(subsidence) ; Tertiary, 831, 88-I,
885, 888, 891, S02, 895, 916, 932,
937; Glacial, 949 ; Quaternary,
1150
Cailgus, 420
Callipterkllam, 685, 608, 691)
Calllpteris, 685, (198, 699; conferta,
704; pilosa, 622
Cailitris, 922
Callocystites Jewettl, 429*, 547,
550
Callovian group, 7(10, 775, 776, 780,
790
Caloosahatchk beds, 800
- River. 892
Calophyiluim, 552
Calopodus, 692
Calumet mine, 889
Culvert Cliffs, 891
Calymene, 810, 422, 520, 521, 540,
551; Allportiana, 520; Bluruen
bachil, 420*, 421, 520,551, 552, 5(12,
567, 568, 586; callicephala, 508*,
509, 512, 515, 524, 549, 550;
Christyl, 516; Clintoni, 550;
Niagarensis, 549, 550, 551; pla
tys, 591 (last American species)
tuberculosa, 551, 567, 569
Calyptrwa, 475
Camaphoria subtrlgona, 646
Caruarella antlquata. 471*; calcifera,
500; congesta, 550; longirostris,
508; prlmordialls, 47S; varlans,
500,503
Caniarocrinus Saffordl, 550; stel
laths, 558
Camarophorla, 707 (ends in Per
mian); crumena. 707; formosa,
627; ilumblctonensis, 704; Sohlot
heimi, 707; superstes, 707
Cambrian and Silurian, history of
the terms, 468, 464, 489
Cambrian, 462; American, 464;
foreign, 480
Cambric. See Cambrian
Cambridge Greensand, 868, 864
Camel, 54, 55, 901, 910, 911, 912,
919, 928
Camelepardalis, 54, 927
Canielus, 927
Cameroons Mts., 295, 297 (height)
Campanian, 859, 866
Campbell Island, 89
Campophyllum torquiutn, 690
Caiiiptonectes helllstriatus, 760
Cainptonyte, 8T
Camptopteris, 756
Camptosaurus dispar, 764, 765*
meilius, 7(15*
Campyiodiscus elypeus, 168, 164*
Canada, 24, 26, 78, 258
-, Archa'an in, 443; CambrIan,
484, 466, 476, 479, 496 ; Calcifer
ous, 491, 4112, 493, 496, 497, 409,
500, 501; Chazv, 491, 493, 508
Trenton, 498; Clinton, 542; Me
dia, 589, 542; Niagara, 540,
548, 544, 549, 551; Devonian,
516, 581, 591, 611, 028, 680;
Corniferoue, 580, 581, 590, 591 ;

INDEX.
Carboniferous, 453, 581 ; Creta
ceous, 825, 830, 840, 872; Ter
tiary, 918
Canada Bay, 467
Canadian Pacific 11.R., 26, 859
- period, 491
- liver, 29
Canary Islands, 20, 41, 207
Cancer, 420*
Cancrinite, 85, 449
Canimartes, 919
&'anls, 911, 919, 927; Parlsiansis, 924
Canistrocrlnus, 516
Cunnapora juncifrmis, 550
Cannel coal, (154, 661, 662 (analyses),
61)2, 710 (formation), 714
Cal) all GriNs, 732
Cape Breton, Cambrian in, 476;
Carboniferous, 691 ; Coal-meas
ures, 658, 678
Cape Cod, 160, 873, 881, 916
- Dundas, 659
- Girardoan limestone, 559
- hatteras, 18, 43, 45, 48, 210, 224*,
793, 823, 873, 949
- horn, 21, 28, 858
-of Good Hope, 21
- Verd Islands, 291
Capelin, 984
Caprina, 820; adversa, 866; anguls,
836; Texana, 834, 535*
Caprina limestone, 817, 836
('apulus, 411, 482, 574
Carabocrlnus, 516
Caradoc group, 4(18, 518, 584; sand
stone, 520, 584
Carbon, 61, 62; Archtean, 458, 454
Ridge, 733
Carbonaceous clay, 81
- rock-material, 74, 140, 141, 158
155, 315 (metamorphic changes),
819, 453
- shale, 804
Carbonate of lime. See Calcite
- of magnesia, 69
Carbonates, OS
Carbonic acid, 62, 128-185; In
Archa?an, 440, 441, 442, 450, 451,
454; in Cambrian atmosphere,
485; at beginning of Carbonic
era, 711, 712; constructive effects,
131 ; destructive, 129; in geyser
region, 301) ; from respiration,
186; from volcanoes, 128, 278
Carbonic era, 631 ; American, (183;
foreign, 693; formation of coal,
712; economical products, 661
OtIS
Carbonic oxide, 278 (from Kil
anon), 523, 061
Carbonlforous age, (181
Carboniferous lJerIo(I, (147
Careharlas, 868
Carchnrodorm, 144,855; nngustitlens,
416*, 901*, 917, 926; niegalodon,
901
Carcharopsls Wortheni, 64_l*, (147
CaveIimosom na I mige us, 557
('ardi mmIn co mmciiina, 790 ; Listed,
790
Cardlocarpus, 485, 622, 674; bli'us
pidatus, (173*, 680; blsootus, 678*,

689; elongattis, 673*, 6S9; samar
a4ormis, 678*, 689
Card loecras, 794; dubluui, 160
('ardioceras family, 760
('am-diula, 621; i-etrostrlata, 621,
2T; speciosa, 620
Card lornorpha Missourlensis, 690
Cu vdiupsis radlata, (147
Cardiopteris, 645; frondosa, 104;
IlOlYfllOrI)lia, 704
Carillta, 916; idanlcosta, 926; sul
cata, 926
Carditamnora nrnta, 917
Cam-mlltes crenatus, 774
Ctmm'dlumn, M6; l)aIlI, 1)17 ; diversum,
916 ; dii muosu mu, 854 ; Euthu lense,
854; Jlntchetigbcense, 015; lill
Ian urn, 865; islandlcum, 988, ((54
laqucatum, 017; Purheckeimse,
1111; sjieclosuiii, 855;
917
Virginia-auto,
Carentonian, 859, 806
Caribbean Sea, 20, 44, 45, 49, 986
Caricolla Clalbornensls, 807*, 016;
demissa, 916; dollata, 016; Leana,
915
Caridoids, 421
Carlnaropsis, 482
Carmel (Mt.), Conn., 801k, 802,
807
Carmon, 521
Carnallite, 120
('arnie (Lower), 757
Carnivores, 902, 903, 910, 911, 918,
919, 924, 926, 927, 929, 930, 931
Caroline Archipelago, 88, 89, 145,
850
Carl) River, unconformabuity at,
465*, 468
Carpathimin Mts., 32, 41, 365, 774,
793, 812, 920
Carpinus, 896
Carpollthes Brandonensis, 896*;
irregularis, 595*, 896
Carrura, 809
('arrizo Creek, Cal., 892
Carson Lake, 811
Carterellu, 482*
Carya, 550, 896
Caryoerlnus, 550; ornatus, 547*,
550,551
Curvoderma, 919
('arvophyllla, 8(10
Cascade Range, 25, 28, 29, 80, 40,
280, 296 (volcanoes), 800, 889, 189,
747, 811, 880, 831, 945
Cashaqua shale, (105
Caspian Sea, 22, 33, 49, 109, 200,
296, 415, 176, 857
Caspian steppes, 156
Cassia, 921
Cassidamlu dubla, 910; Potersonl,
91(1
('nsidu1Us, 840; uquorcus, 855;
liomealls, 854
('tisslopo IIyi)ImOh(lOs, 945
Cassowarles, 54
Castor Ciumamlousis, 55, 1000 ; fiber,
55
Ciistornldes Ohi0011818, 1000, 1012
Casuarlna, 922
Casuarlus, 54
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http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

Czittrauu1e ut' region volcanoes,
21)11
(ittirritt'tt all) iii, 1002
CutebII, 1)45
00Iluulte, 408
t ttt> teril u gracilirt, 51 *
4 'ttl)o-gurt t'aiiiiittus, 8116; pnsillus,
t uttrtklll boils (group), 576, 602
Mts., 25, 189, 225, 857, 005, 636,
714, 745, 1)46
- - huiiv Iiutt't one, 559
41, 2,411, 2(15, 857, 920
('alt
'atuthi-gutlil ttiOcit, 410
- grit, 558, 551), 576, 579, 581, 728
&'utult'rpil "'$,
t'anttnt tt'$ tit I-gun it'kl&' rt, 889
, IWO ; adrena, 58-1
CiLli1i)t't'trt,
an tiqu 1, 58 ; ciliptIcut, 705
glgau*it'ut, 7I5 ; LockvootIl, 611,
022 oh' to Iirtt'ut, 705 ; poltlgot-a,
705; \Vortlteuii, (145
('ulve an Ittizil s, 927, 940
Ca vent formations, 3,24
Caverns, 371), 399, 61)5, 868; making
of, 1111, 130, 824 (hawaiIan)
illicit with vein-material, 828, 334,
342, 84.') ; nitrates In, 137 ; rivers
in, 207
Cavuimbe ML, 20
Cayuua Luke, 555, 559, 602, 603, 604,
005; Jointed rocks, 112
('canothus, 921
Cebiiiiu'nuis, 92(1
('cIartrin1ti's luevlgatus, 889
Celastrits, 1)21
Celebes, 19, 40, 809
Celerttite, -11)8, 54))
('erneflt, 711, 80, 555
Cementing coal, 001
Cenotizanian group, 815, 882, 857,
858, 859, 80)), 865, 866
Cenozoic time, 879
('entilitils, 411)
Central America, 40, 145, 296 (volcanoes), 297, 388
Central Continental Interior. See
Interior Continental
Central Pacific R. 11., 26
Centn,,eeras, 602
Centronella, 579
Ceiihaiitsphlrt, 417, (125
('epiiasjIs, 5)3-I, 50l1, 587, 625
Catit ihell ton cii si s, 588* ; 1)uiw
SIIIII, 58*, 591; Lycili, 624*
M uirehisouii, 5116, 567 ; urnuta,
567
c.li-1ihzlii.it liii, .114, 4137-189
I 'epiialoplii,i'u, -12-1
Cepiualopols, 59, 130, 424, 425,
501, 509
Ceraiit bland, 88
Cenuttiocutu-Ids, 550, 721; Cambrian
U pjuor), 48S; Chein u ng, 130-I
Hamilton, 51)1), 61)11* ; Lower Suit.
nan, 521 ; Niagara epoch, 549;
I pp' Siliirinn, 574
('euuitiocaris, 482, 521, 54(1, 557, 5115,
5(17 ; AngeIlni, 519, 520'', 549;
Dowevi, 549, 550; papillo, 566*
liutsiliut, 54(1 ; slnuata, 691 ; tonul
ii) nizita, 566

Coratites,th,
Ira,
770, 771, 174; Maim.
71)2 ; M klIendorfi, 178;
uit)i1OSi1, 770, 771*, 774
('eratoiluis, 59, 1711, 417, 418, 687,
725, 772, 774, 71)7 ; culmination In
'l'riuissle, 869 ; Oapensis, 770
fttvozws, 687; Gtintheri, 760
Ceratolkhas, 591
Ceratops, 856
Ceratops beds, 828, 815, 847, 849
Coratopsliliti, 846, 848
Ceraoupshls, 82.8, 847, 85)1, 86-1, 870
Ceruttosauti-us utusicornis, 7(15, 70I
Coraururt (Oht-lruui-its), 499, 462, 500,
5112, 508, 518, 516, 590, 521, 540,
5(18, (125; l,lunutcronatus, 520,
5)15*; Niagarensis, 550, 551
pleurexuntliotnuirt, 509*, 515
Satyrns, 503; Sternbergl, 568
Cerithiopuiis, 91(1
Ocrithium, 780, 854, (122 ; Ansti
I1&,IIS&u, 8136 ; Cinibornense, 916;
coneavum, 1)2(1 ; cymatophorum,
927 ; oli'guins, 926; Illiisboroonse,
89Sf, 1)16; mututhule, 926 ; pit
eutuin, 926; vanlabile, 925
Ccrnuvsiun group, S$4, 923, 925
Certissito, 335
Cervalces Americanus, 999*
Corvus, 927; autoceros, 927; Fal
coneri, 1)27; glganteus, 91)9, 1005;
Muscatlnensis, 9613; Polignacus,
927; verticornls, 927
Cuzstracion, 60, 416*, 6-18; PhilIppi,
416', 791
Cestraclonts, 416's, 797, 869 (four
modern) ; Cornlferous, 589 ; Sub
carboniferous, 6-44, 647; Carbo
niferous, (ISO* ; Permian, 707
Triassic, 772 ; Cretaceous, 812,
848*, 863, 8(19
Cetaceans, 1102, 912*, 9'25
Cetiosaurns, 786, 790; brovls, 863
Oxoniensis, 786
('etotherluurn, 925; cephalus, 912*
Cliabnzite, 65
Chui'uiohyuus, 918
Citicropotatutus, 924 ; Cuvierl, 926
('luetetes, 5115
Cliagus Islands, 737, 931
tThuitiu coral. See Ilalysites
Chalcedony, 823, 840, 859
Chalcedony Park, 185
t'lialeoeite, 385, 745
('liuileoiivu'Ite, 7I), 331, 834, 335, 389,
340, 588, 542
Cluudcur Bay, -1-14
I'iizthlcnthcniuului, 919, 1)25, 921
Chalk, Th, 205 tabsorptlvet)eSS),
Sit
- formation, 401, .107, 738
-' Grit)', Lower, Upper, White,
856
- period, 739. See also Croth
coons
- marl, 865, 866
Challenger Expedition, 49, 59, 144,
281), 941, 718, 823
Cliama, 781), 8134 ; erassa, 917
8411lamosa, 926
Chiarnucrolls huimllls, 53
Oharnops u)0g1115, 849
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Chamouni, 2133, 2443, 246
Champlain Lake), '200, 282,46T, 582,
558, 1(82*
Cliariuplain period, American, 981
subsidence, 981 ; foreign, 995;
elevation at close of, 91)3
- group of the Lower Silurian In
New York, 4-59
Chanipsosaurus, 902; profundus,
856; Sutpwionsls, 902
Chunra, 12 (ash of), 5S2, 590; fat1da,
72; Stantuni, 889
Charcoal, 62w, 124, 662; mineral,
712
Charleston earthquake of 1886, 873,
374, 375
Chart. See Map
Chastuops, 521
Chatham Islands, 89, 154, 1019
Ohiattaltoochee group, 884, 890, 891,
S95, 916
- River, 890, 891
Cliaudiiro River, 591
Chazy epoch, 493
Clteiracanthus, 625
Clicirurus. See Ceraurus
Olielouulans, 172, 787, 836, 849, 863
Cheltenham beds, 175
Chelys BIakel, 790
Chemical attraction as a dynamical
agency, 117
- changes producing heat, 258
- products, mechanical work of,
187, 13S
-work, 116-140; solution, 11
122; oxidation and deoxidation,
122-128; hydration, carbonic
acid, humus acids, 128-135; sili
ca, 185-186; living organisms,
1813-137; chemical products, 187
189; concrotlunary consolidation,
139-140
- - of metamorphism. Sec Meta
morphism
Chinnttzia, 781; gloriosa, 855
Chetnung period, 602
Chenopus liratus, 916
Cherry Ridge group, 60(3
Chert, 63, S2
Chesapeake Bay, 144, 819, 889, 891
- epoch, 8.64, 891
Chester group, (384, 687, 638, 639,
1142, 1145, 647, 709
Chestnut, 4135, 887
Chetetes, 704
Cheyenne River, 266
Cltiastolite, )35*, )3(1
Chico group (beds), 815, 818, 880,
8131, 840, 889; see also Shasta
Chico series
Chile, 137 ; snow-line in, 284; vol
canoes of, 296; earthquake in,
3-19; recent changes of level in,
349; Cretaceous in, 857, 807
Chulhowee sandstone, 468
Oluilian Cordillera, 857
('lube, 28
Ciutlopoda, 419
Chiina'rn, 510
Chimierkis, 416, 574, 725
Chitnieroids, Corniforous, 587, 589*;
Cretaceous, 829
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Chiinborazo (Mt.), 26, 274, 290, 296
China, 51, 84, 145; Cambrian in,
482; Lower Silurian, 522 ; tipper
Silurian, 504; Devonian, 628;
Carboniferous, 682, 698, 696; Cre
taceous, 883
China Sea, 027
Chinate Mts., 874
Chipola epoch (group), 884, 891,
S9(J*, 917
Chipola sands (fossiliferous), 890,
891
Chlrolepis, 417, 620; Canadensis,
61S*; Tialili, 4j7*
Chiropters, OIS
Chlrotberium, 772*, 778, 774; Ret
ten, 092
Chirox, 917
Chitun, 424; Canadensis, 514; car
bonanlus, 690
Chlamydotherium, 1004
Chlorine, 63
Chlorite, 6S, 89
-argillyte, 89
- rocks, 79, 88, 84, 86, 87, 819,449
- schist, S9
Chioritic marl, 865
Chlorophyll, 136
Cholaster peculiarls, 646
Cholodus, 692
Chomatodus, 692
Chondrites Colletti, 688
Chondrodite, 68, 67, 79, 819, 447,
449,450,581
Chondroditic limestone, 79, 449,
450, 581
Chonetes, 5441*, 550, 552, 562, 579,
611. 621, 622, 642, 674, 700; cor
nutus, 546*, 550; Dalinanianus,
703; deflectus, 592; Flemingi, 685;
Hardrensls, 625, 628; hernisphie
rlcus, 590,592; Illlnoisensis, 642*,
647; laths, 421*, 567; lepidus,
612, 620; lineatus, 590; meso
lobus, 675*, 690; mucronatus,
592, 602; Novascottcus, 562; or
natus, 642*, 646; plirnurnbonus,
646; scitulus, 612, 620; setigerus,
59S*, 601, 620; strlatellus, 567,
56s
Chonophyilum Nligarense, 547*,
.550
Choristoceras, 771 ; llaueri, 174
Chonteau limestone, 637, 646
Chrestotes Dana', 691 ; lapidea, 691
Christiania, 809
Chritinnite, 186
Christmas island, 151 (height)
Chroine-spinel, 8,14
Chivsalidlna graduta, 482*, 860*
Chrysoberyl, 449
ChrysocoHa, 335
Chrysodomus Stone], 917
Chrysolite, 67
Chrysolitie gahbru, 272; hornblen
dyte, 532; pyroxenyte, 582
- rocks, S4-'9
Ciirys.Ineii(is, TIl
Cicwla, 410
Ciduris, 59, 641, 760, 170, 884, 840;
Bluinenhachil, 778*, 791 ; cluvi
gera, 866; cretosa, 806; ion-

INDEX.
gemma, 790, 791 ; splendens, 854;
Texuna, 887; resiculosn, 866
Cimniestes incisus, 553*
('lmnoliosaurns, 845
('imnolos Island, 296 (volcanoes)
Cincinnati, Ohio, 533
- anticline. See Cincinnati uplift
- beds, 492, 504, 506, 511, 514, 515,
516; characteristic species, 516
-epoch, 404, 559
- group, 481)
- Island. See Cincinnati uplift
- uplift, $87, 499, 494, 522, 527,
582-588, 537, 589, 540, 688; in
fluence of, in the Upper Silurian,
571
Cinders, volcanic. See Volcanic
Cinnabar, $35
Cinnabar, Mt., 829
Ciunawomnnum, 837, 896, 921 ; ellipti
cum, 8,111 ; MississippIense, 805*,
896; Scheuchzeri, 889
Cinnamon, 1)21
Cinulia, 861; avellana, 801*;
chella, 854
Cirripeds, 420k, 421, 513 (earliest),
579, 720
Cladiscites tornatus, 771*
Cladodus, 692, 702; CIarki, 619*,
(120; Fvlei'I, 610*, 620; Keplerl,
(120; niarginatus, 102; sinuatus,
619*; spinosus, 6.14*, 647
Cladonia, 75; rangifenina, 75
Cludopora labiosa, 592
Cladoxvlon mnlrabile, 621
Claiborne epoch (group), 884, 885,
889, 801, 916
- (Lower), 884, 885, 888, 890, 896,
597*, 915, 916
-(Upper), 896, S97*
Clam, 423, 424
Cluosaurus, 847, 856; annectens,
544*, 845*, 847
Clarion coal, 652; sandstone, 652
Ciastic rocks, 75
ClathroporiL tlabellata, 514
Clnthroptenis, 740, 750; rectiuscula,
740*
Clava ('hipolana, 917
Ciavilitlies humerosus, 916; Missis
sippiensis, 916; pachyleurus, 916;
Penrosel, 916
Clay, 76, S0, 81 (kinds), 184
Clay-ironstone, j(I, $2
Clay mans, Sir), 821, 854
Clay shale, 688, 748, 892; slate, 80,
84
Clayey layers, 1llcation of, 208,209*
-rocks, 12, 818
Clayton beds, 8$
Clayton Peak, 860*, 261
Clear Creek limestone, 548, 5,59
Clear-Fork beds, 000
Clear Lake. See Borax Lake
Cleavage in rocks, 92, 112*, 118*, 870
Cieodora, 425*
Ciepsydrops, 687
Ciepsysaurus Pennsylvanians, 158,
754*
Cleveland shale, 606, 619, 620
Cihlastes, 826 ; lgimantivus, 848; propython, 548; velox, 545*

Clidophortis Pallasi, 707
0116's, wearing of, 220, 221*
Ciinimmcograptus, 514, 52(1 ; bicornis,
510*; Emnmonst, 4-10*; typicalts,
516
Ciimactielmnitcs Fosteri, 471.1*; \Tj
soni, 479*; Youngi, 479*
Climatni changes, causes of, 258-257
Cilmatal development, 1026
Climate, effects on the work of
rivers, 159
-, Cambrian, 484; Carbonic, 711
112; Champlain, 940; Cretaceous,
872-873, 877 ; Eocene, 929; Gla
cial, 940, 948, 944; Lower Silurian,
524; post-Mesozoie, 875, 877
Paleozoic, 727 ; post-Paleozoic,
736; Perniinn, 787 ; Quaternary,
940; Tertiary, 021, 089 ; Triassic
and .1 urusslc, 791, 192-798; Upper
Silurian, 574
Clinch Mountain sandstone, 538
Clinkstonc, 85
Clinoweter, 100*; use of, for meas
uring distant slopes, 28
Clinton beds or epoch, 356, 410, 585,
540, 5-14, 549-550, 552, 568, 570,
572, 577
- - and Medina, British equiva
lent of, 563
Cliona sulphurea, 158
Clitambonites, 500; Americanus, 515
Clupea, 862
Clymenia, 614 (first American), 620,
626; Imevigata, 627; Neapolitana,
614*; Sedgwicki, 626*; unidulata,
627
Clymenia limestone, 627
Clypeus Hugi, 428*
Coahuila Valley, 200
Coal, 62, 124, 136, 148, 154, 485,
727, 775 (jet) ; analyses, (361, 662,
668, 713; formation of, ft-ow vege
table debris, 7112-714 ; impurities,
603, 604 ; kinds, 661 ; origin, 71.
155, 658, 654, 655; plant-remains
In, 658-655, 658, 063, 664; struc
ture, 700, 710; vegetable material
of: kinds and composition, 712,
71$
- In Calciferous, 498; Carbonifer
ous and Subearboniferous, 684,
686, 689, 648, (161-664, 674, 693,
694*, 095. fill(;; Perniian, 060, 654,
685, 61)8; Triassic, 742, 7-I-I, 745,
748, 755, 769 ; Jurassic, 775, 176;
Cretnecous, 81$, 520, 822, 525,
82(3, 827, S2S, 529, 531, 557, 865,
872; Tertiary, 587, 892, 020, 922,
927
- areas of N. America, 685, 825
- fields of Europe, 093, 694, (196
Coal-beds, bowiders in, 6(34, 709
burning of, 84, 266, 313 (changed
to coke) ; metamorphic changes
in, 315, 45.13; thickness of, 651,
652, 658, 656, 657, 658
Coal-measures, dirt-beds of, 658,
658; 111118e, 689
- section of, near Nesqnehoning,
Pa., 649* ; at Trevorton Gap, Pa.,
650*

INDEX.
Coal i'rlI. (.1I. 617
Oust Ill.- I titli I I. 'al lieu, '25, b21)
gI.III..
i,n'uI t,urriur%. 241, 2251
- too-It. .,u (.',':i,t Chain
- Chain. :41w, 7:W,
93,
- I :i ii ire. Oil. a ni I )ru'uon, 30, .9,
"7811, 'utl. '.111. %11, NUI. ,..5, s92
't 116161k (..' 'IIIinliLa, ;39, 789,
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iilur"IIisi ,,(, 846
" 711. :412, :444 ; ONIIIC, 344
. 'I I. Ii In Ii
:
ha, :'o
,,1,st'.u,4 flay,
t,.i".'i1tii, ', 14", 4:4,
'.5t
(Iiet.IIII'I- aliii..spliu"rkzi, 16:4, 16.11
lititain, 16:4, Ii4'
till C Itilil (urIIi(, 103, 164.
S. 'o.os.itvruiu,
t.'"atiii.. 5I;I;. 611). 625, 626, 627
021
.,4,'l,Itfll.'%ii5l. 5"
tlI,'CI .u1.ll$ liii11%, GIs
C.,thUn,iu,iiI ., (.48. 647, 705
t. liltoil ii .'U Iorina, 6.14*, 7021
sI-i., 647
6a'Ii I.14('r.s. 771
C. kroadl,'4. 156, 419, 574, 077, 721,
Cari...nili'rniis, 077. 679. 6111,
22: i'ak..zok', 721, 722; Perfill-Ill. 6.6: Triassic, 757. 771
"'Ii:, -Sir.
614
4 ..I:i.znIlist -" 671). 6"4), 692, 7445 ;
707
C..ki.iuruti. 1 i". 411), 480
'.1.;
(_....'.I'lri. :-79: llcrnI$phzcrlca, 550;
.COI i,"a, .67, :.so
('.,Iuirii. ginClilu, 36
tir h tim. 481
('s'Il"ni'tIia graclils, 510, 515, 516
ZnIIe for Lnpvorth. 515
('.'tl.-i' sxaiusl'..l
Coke. 313, 661" 66.3, 713
501) :irkii In, 612, 020
..h.q.I'r.., 54, 419, 79-I, 9(M) (film).,'r fit Vi.,rIs'innt' ; Coal-ineasmire,
", 6ii, 702; Triassic, 771; 6Ltvi:iI, 1)16
("'I..ns1,1.. I r,Iiiee,,iI. lei. 867
I ' 'mr .'t' r.IC L -liii)
'.1..rrni. ., 28 i h.ti.'h t 1. 24). '5, 87, 101),
l64). 1%.,% I
141:4, !if',, 2544. 26:",
II;.:, 21(6, :11:4, :4:1'.. :1.1,), :418, :468,
861, 4.17 : Aver mint-s. :4-Is);
l Irneltyte, 25 ; see
lice'.
:ils,, I'r Iii? I i iig. I' I 'ol, .r;til,,
.r.'lii-ittm In. 4-I-I, 449 ; ('ruinitrian,
16.1. "I76 'I're n I.'ri. $t(5, 54411, .515;
I ).'v..iii:ui, S'.ii : Si,Ia'giri.i,iIfi'rniis,
4,;t 6.I',l I 'ilriuinjfer,,tl%. 461), 475,
Permian. 6:8 : 'rrias.k, 167.
lirt, 86:4, 721. '7-16, 7.17, t'6 : .1 tirItS.
a).', l"7, 363. 747, 4s, 754, '760,
761, 762, 7hS ; I 'rs'tzlet'oiii, I87,
274, 863, 826 (Coal), i'28,880,

847, 848; Tertiary, 185, 882, 888,
$148, 9111, up', 1)35 (elevation)..
1641at-Meaoz,,i.'. i7iL
Cain..,i (Irnn.I ('nfli.n , 1(47, 16,
i'.", 1-0,362.3%1,447,46,1.
41). 4'.-l, 7.41, 65'.,460, 747
-- Chain, 8t'
lIu-'4'rI, IOu
-- i'H)l.'Ii, $15, '.21, 823,
525, 620,
) Kill. Nil, S5, sT"i
l'lI%t('llU a, Its, Ills', 362, 34)3S
- flange. See Front flange
- River, 25, 16, 30, lou, 30?
('.,Iort'oduii, tiI,
(-Ou('Sal)CII4'141, .t [IRS, 9-28, 92,1
t'oliiI,rI,I&,', 14-1:;
('oiiIiiibit RIver, 2.5, W, 220, 881, 685,
I '.,Iiiiiitinti format Ion, 974
I'nI 11111bua Iliiit'stono, 511
('nillunnar structure, 261", 2621
Culuiiitiiiriii, Nil, 515; niveolata,
504, Writs, 51:4, 517 ; cnIIl:m, 518;
IhOil, 5)3; tiicerta, 503; pnrva,
sot;

('ui,mn,idue group (bc-sia), $15, 617,
N44, S74"
- Peak chalk, 817, 819, 880
C'oninrotjtt' punetnIus, 514
Shumardl, 514
('oiunliiia', 402, 429
('opimatutlitl'., 429, 779
Comb I Ininiiig (unit), :338, 722
(osn,uro I aIan.i., 19(1 (volcanoes)
Compact ruck, NOS
Ciiutipn.s, ellnonictcr, l00'
('.IIuiI.allean(tnla, (.92 ; 1*-via, 692
I .uliipaastt'r 0'ri,,oi.iu, (46
Cut1ita.ttiy5, 850, S66. lilIcatitlils,
7(17
('..,nIi'ognnt1lu longipes, 786
I'.lilt IuIsUIIn, t4'21
C,.i,iatock 11,4k, 389
Concentric diu.e,,1,,rntion, 139, 1401
- atrlictllre, 96, 97", 98, 127, 140',
2$9. $27
('ouiceI.rlnn, earthquake at, 21:4, 849
('oiit'hIfi'r,', See I.tIl)('IiihrancIls
Cotieretiontiry u'.iiia,'IIlnt Inn, 1:49
1411' ; nick., 79, $0, S2, 96, 139,
:44-i, 090 siruicturu, 1:42. 2s9, 817
Concretions, Si, 116', 97'. 130, 152,
195, 284), 274, 307, 327, 41)8. 603,
(.s(5 OutA, 657, 665, 677, 656, 775,
I-Il, sIS, 8-17, '.85
(',.iu,Iros, NInulsIones of, 626
C..ii.liuIt of n vokniuo. See Vol.
,',IflO
('oliwango taisin, 945
(,.IILV Island, 12,24
Confurva'. 6*4, 72, 133, 140, 157. 43;,
58'2, 7.
('otiforinahitlity, 114S. 115010, $91, 404),
40-I. 406, so;, 809
C' ,ncloiiueuate, $115, 292 (vtdt-ank'),
4(N) (coral)
-. Iliuie.I.int', 785
Congo River, $0
('angreus Springs, analysIs of
waters, III
('otm1ft'r, 53 ; ash of, 75; time
range. 4090
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Conlophia precedens, SIR
Collision grits, 568; IlIliestofle, 518,
519, 520
Connecticut, mean height, 13
Ilriinc'hvIIIe Mine, 921 ; Thimble
Islands, 'Jill : copper 'cg, 747';
Iron lire lit-s),., 127 ; nuirhle, 52-I,
5341, 5411; Trlns,4s', II1, 740, 741,
742. 751, 758. 754, 755, 7139, sun,
$111' (inuip),
- i8er, '.7, 17'!, 112 (lisle) ; 50111111.
lag,, at nuouilit of, 226*
- - Range, $5.
Cliff n.rtIt-itt River valley drift, 954)
- nih-v, 1940 (t"rrscea), wr., 443
i)esmInn, $)ii, 5441; Lower lid
iiu'nlerg 5": Niagara, ($1; Tr-i
as.iu-, 2114, 310, 74u
- - tn..uigli, 461, 536, 537, (*41, 6.33,
715, i3
("nn,'il,,viile aansi,,tone, 651
ConnuqiienessIng sandstones, osi-;
('ons.cjir,iI,im, 5424), 7.62, 621 ; j1.,1111_
cOatatum, 507; L'nncul.u, 5S". 50":
dl.(enuitn, 519" ; Imnuititru,,,,
514; M.-ekannm, 647
Conocephallic,., 4'2, 4-83
Conncorvphe, 4-SI, 4t2 ; minion,
49*
Conodonta, 021
Cononmltra I Iaiijt,,akeri, 916
I'.n''lulivliunn nlttgliltieurn, 590
('o,i.,rt.is abtolsleus, 9)6
Con MiIIil:uti,.n (at-.. ai,.u Solkilijea.
ilsiui), 29; by calt'nrcc,,,a waters,
133, 131); toy (erniugiutsits waIt'r$,
13-4, 1:19; toy iron 0x141e, 12$; by
IilCIfln14..IllhIulfl, 316, 32?; by alit'
ecous solutls,,,s, 185, 189, 31:4, 828,
800
-, cu'ncrt'tio,unrv, 189-1411'
- 411' Coral
151
('onataruce, Lake. 921
('OntuiCt -untrit'rait and contact -lille.
moments. 8126, 81I, 314,3843, 810;
'eIiia, 334
('istutlitent, ilt'iiiiitlt,n of, ,S45, 35
- tiiakluig, $765
Continental border, 743, '744
-Interior, Set' Interior ('urutijuen.
In'
- Iitatuaula, 879
ContInents, 88.'); arrangement of,
17, 21; as in'ilvki 11 fill'. 22 ; height s
of, 2$, 31;0; moatlv In the northern
herni'.pliere, 81)4
-, mountain u'linin,. and -u.Ien,ioc&
titOal lv u.n the I ...rsit'ra of, :192
-. northern itiusl son I iit'rn, in a
zigzag nrrfltlgt'ineflt, :4114
-, origin (if, 3-Nt ; i'tul.iuu .'rgcil
17 ; system in rt-liefs, :3044,'
lour-slurs,
Contlng.iil.nn group, '.4)7
Contraction. clT,'els of, 260, 317,
31-1 ; in glass and rock, 24)4, 265;
In vnk'nnk work, 21i ; on slryiuig
And on cooli,ug makes tlssiirea,
827
- theory of monntnln.maklng, 3s8
886
- and CXI3tt'i.Ii, 1't'-265, 261',
382
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Con ularia, 481,498, 500, 514,549,562,
567, 574, 578, 579, 613, 6118, 705,
707, 719 (time range) ; elegantuin,
590; formosa, 516; llnrnt'rayi,
520; lata, 578; longa, 551 ; Nhiga
rensis, SM ; Trentonensis, 507*,
514,516
Conulites tiexuosus, 562
Conulus chersina, 966
Conus, 916, 922; deperditus, 926;
Okhotensis, 927
Cook's Inlet, 760
Cooling, contraction from, In case
of fusion, 261*, 263, 264, 883
- of the globe, 876; Its consequences, 883, 989
Cooper beds, 88S
Coosa coal-fields, 657; series, 468
Copepods, 421
Coplapo earthquake, 349
Copodus, 64$
Copper, 70, 333; chloride, 294;
native, in drift, 953; oxide, 344;
pyrites (see Chaicopvrite); see
also Superior (Lake) region, cop
per
Copperas, 123, 125
Coprolites, 78 (analyses); Upper
Silurian, 567 ; Triassic, 754; Ju
rassic, 785, 786*
Coral, precious, 72, 481 ; Coral
atolls (see Atolls)
- bed, Tayiorviiie, Cal., 759
-beds of the Siliceous group of
Tennessee, 689
- formations, 144-l52
- Island, water supply of, 206
- - subsidence, 986-937
- islands, 20, 120, 131, 144, 145149, 145', 146. 161, 221, 225, 295,
850, 392, 937, most numerous in
the tropical Pacific, 1-IS; number
in the several groups, 145; sec
tions of, 149', 284', 285'
-oilyte, 147
- polyps. See Polyps
- rag, 411, 775, 790
- reef period, in the Devonian,
584
- -reefs, 144, 148-152
Corailian group, 760, 775, 771, 780,
790
Coralline limestone of the Niagara,
540, M8, 549
Corailines, 56, 72, 487
Corailiochama Orciittl, 841*
Coraillophlla magna, 916
Corailtuw noblle, 72
Corals, 55, 140, 427*, 429*; limits
of growth, 144, 145, 146, 149*
Corax, 843; heterodon, 843'
Corbiculu, 828, 29; annosa, 887;
cytheriformnis, 856 ; ilensata, 917
ernuecrata, 887 ; ocehien tails, 856
Corhis llstans, 916
Corbuin, 756, 7811, 829, 916, 917
Aidrichl, 915 Forbesiuna, 791
Idonea, 917; lntlexu, 7111; longl
rostris, 925 ; NeocoiijIe,its, 867
oniscus var. fossut.a, 91(1; loctinata, 791 ; plsum, 1126
Cordalanthus, 678'

INDEX.
Cordaicarpus GOWN. 678', 089
Cordaites, 435, 611, 612, 639, 667,
672, 673*, 674, 689, 61)9, 704 ; borassiloil us, 646, 689 ('larki, 610,
621 ; costatus, 679', 6811 ; 4iiversl
6lin s, 689 ; Gilt bieri, 117:3*; Mans
fickli, 679; Robl,lI, 595', 596, 601,
629
Cordaites ;little,,, 598, 594
Cordillera, 25w, 389, 890
- of the Rocky Mts., 890
Cordillera glacial area, 956
Cordoci'iuus, 562
Coren, 41)
Cork, composition of, 718
Cormorant, 1,352, 902
Cornbrnsh, 775, 790
Corneo-siilceous sponges, 481
Corneons sponges, 481
Corniferotis limestone, 576, 579
Corniferous period, 579
Corniornis, 859
Corn outes serpularlus, 567
('ornus suborhlfera, 981)
Cornwall, 317, 986 (united with
-Brittany)
veins, 829*, 332*, 333*
Comnwaills IsI., 495
Coroniceras Bucklaudi, 781*, 790
Coronoerimius, 562
Coronumn, 591
Corrnsion, 168, 941
Correlation of geological records,
80S-lt)4 (ditllculties, 898; means,
W); precautions in the use of
fossils, 402) ; difficult in crystal
line teri-anes, 458
- of Archican subdivisions, 457
Corrosion, 126, 136, 3$S-342
Corsica, 87
Corsyte, ST
Cortez Range, 366
Corundum, 64, 79, 320, 455
Corycephalus, 591
Corytlails BrongmilaitI, 704
Com-vphodon, 903, 907, 917, 918, 928,
025, 929; hamnutus, 1108, 904*
Coryphodon beds, 896
Corvplmodonts, 928
Coscinodlscus, 163, 164' ; nplcula
tus, S1)4 ; atinosphericus, 16$,
164'; gigas, 811.1*
Cosegul nii volcano, 168
Cosmoceras Jason, 781* ; Parkin
501(1, 7110
Cosorvx, 911, 919
Costa Rica, 891 (Miocene)
Coteau des Prairies, 942 (drift),
945
Cotoj,axl (Mt.), 26, 274, 296
Cottonwood Canon, 4611, 476, 581
- Creek, 8115
Country Peak, 783
-rock, 88l
Con tchleiil mig, 446
Crabs, 146, 420', 48S, 701, 717, 720,
752
Crag, i'itoceue of England, 921.
021
Crate glauconleuso, 806
Cranberry mimic, 450
Cranes, 928

Crania, 59, 425, 516, 520, 719; an
tlqua, 427' ; tllvttricata, 519*, 520;
scablosa, 514, 516
Crassatella, 916; almefnmnjs, 915
alta, 897', 916; au testriata, 915
curta, 854 ; tlexura, 916, lineata,
855; littornlls, 8,54; melina, 917
Marylauidlca, 917; M Ississlppieuu
sls, 016; suicata, 926; texalta,
916; Texana, 916; Trapuiquara,
L)16; tuml(luia, 915; unululata,
917 ; vadosa, 854
Craters, 267, 269', 270*, 284*, 286*;
see also Volcanoes
Craw-fish, 1.58, 771
Crazy Mts., $76
Creuttic hypothesis of Hunt, 821
Creodonts, 9113, 906, 907, 917, 918,
928, 924, 025
('me hilcephud (IS, 508
Crepidula, 642; costata, 900'; fornI
cntn, 994
Cretaceous period, 812; N. Ameri
can, 812 ; foreign, S56
-In N. America, map of, 812, 813',
814
-, Lower, 816
-, Upper, 837
Cretacic period. See Cretaceous
Crlcoceras DuvaIli, 862'
Cricodus, 417'
Cricotus Glbsoul, 687; heterociltus,
687'
Crillon (Mt.), 238
Crinidea (Crinldeans), 429
Crlnoldal Iltnesto'nes, 404, 594, 086,
652
Crinoids, 60, 72, 188, 140, 142, 310,
814, 402, 428', 4299, 480, 486,
532*, 541
Criocardlum dumosum, 854
Cmlstellarla cultrata, 791
Crocodiles, 54, 415; Jurassic, 768;
Tertiary, 901, 902, 923, 927
Crocodilians, Cretaceous, 849, 863,
STO, 871 ; iurnsslc, 760, 787 ; Tn
assie, 751, 754', 758, 772, 773
Crocodiluis ElllottI, 901 ; Hastingshe,
926; Squankensls, 901
Cromer forest bed, 927
Crooked River, 749
Cross-bedded structure, 92, 93*,
194, 603, 658, 742, S25, $27, 888
Cross Sound, 28$
Cross-Timber (Lower) sands, 515,
894, SW
Crossotervglnn s, 417§, 619, 725
Crotalucuinuus mugosus, 564', 565,
567
Cmoton River water analyzed, 121
Crushing, 259, 392, 826, 838, 452
Crustaceans, 490*, 42l, 422, 4935,
487, 488; derivation, 720-721
tracks, 95, 742
Cu-ustal movements, 345, 800
Cmuziamia, 474 ; hulobatit, 545*, 546;
sinuIlls, 477', 478
Crvoconito, 241
Cryollte, 441)
Crs'phieus, 51)1 ; Boothl, 614
Cry Itacant lila comnpactu, 6110
Cry ptoeorus culpax, 691

INDEX.
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('rv it alon ii ngii mt us, 925
IV p1 ogalil 5, 58, l 3d, 140, 484, 435447, 519, 595, (t3 (v:iseiilar), 1372,
71$ ; ('ornlt'eroiis, 5$* ; Carhoiii feroii 4, 1366, 727 (culmination)
Neopaleozi ile, -161) (culmination)
'rv pto iielhi, 571) ; eu1oiii, 020 ; Ions,

coons, 794, 815, 919, 868, 969, 873,
877
Cycas clrelnalls, 434*, 750
Cyclocurdia borealIs, 994
Cycloceras, 675 an Run), 514
Cyelold, 417*
CychInofllR, 521), 521, 613 ; b1lL,
514, 5111; t-ancehluturn, 516, 550;
('rv pt
in ii'oIIfernin, 500
('liuelnnntlen,e, 5113 ; coralIbi, 507
crystal kitigdom, 9§
tilladrlstrlaturn, 5(17
rvslattlzatloii, 7t1, 409 ; alongside CycIo,hthahnus senior, 701*, 703
of iitlc(.s, 812, 818 ; 500 also
Cyclopldlus beds, 886
Meta-morphism Cyclops, 421, "128
t'rv sta Ito , liviha n , 4-40 (A rehaan Cyclopterls, 698 ; Acadlca, 045
S V Il*)Il VIII V )
Brownl, 622; litbernlcut, 6213
('rv Sjals, tIi. ii Pt' 4 (if, OX l)1t0 nOEl, 138
Cyclora parvula, 5113
Ctotint-anthits, 1344 ; 111) lIOnibit , Cyclouuplra blsulcata, 507*, 514
lilt tsit Ii0511$, 591 ; major, Cyclostlguni, 1399 ; atllno, 610; mum
70-2, 70$* ; WrIi.ili(I, 1301
turn, 412(1; Klltorkense, 626, 704
('I t'nact'iltiii, 7418 ; loiteils, 767*
Cyclostomes, 41S
serratus, 7137k
Cyclothono, 60
('I t'iIOiIOfl ta, 4S 1, 520, 521
Cyclus, 72)); Arnerleanus, 676, 691
('tenoiliis, 43$7, 702; Netsonl, 617
Cyinatnlbto, 821
('tonoids, 417*, 886
C-nibe1lut nrnculata, 163, 164*
&'tOllOI)tVehillS, 1392, 702
Scotlea, 699
Cuba, 19. 847, 872, 986
Cynioglossa, (1S5
('uihicill coat. (kim
Cynodesnius, 918
4 'ithotilt's shale, 4127; zone, 593, 594 Cynodletls, 926
Cm-ham basin, $08
Cyno(lon, 911, 918; Parlslonsis, 924,
Cuculluon capax, SM; gigantea. 915;
926
I Iaiiei, 760; inacrodonta, 915; Cynodontoms, 918
ohhu'na, 791
Cyphaspls, 513, 516, 521, 562, 568,
Cumberland Measures, W
579, 586, 591, 599; liv1s, 614;
'Fable-laud, 25, 356*, 357, 362, 38C,
niegalops. 5435*, 567
11.1 ,
916,922; Caroilnensls, 900*
Cypraa,
- Va.) Triassic area, 741
Cypress, 770*, 939
-- valley, 857
Cypricardella belllstrtnta, 598*
('ninlirlan Mts.. 4(38
Cyprlearclla, 525, 621
('tineolina pavoiila, 482, 860's
Cypricardinla, 562
Cup-corals. See Cyathop1iy11old
Cyprleardttes M ontrealensls, 503;
Nlota, 514 ; rectirostrls, 514;
('upresstnoXylon, 921
Cupressltes, 777
Sterllngeimsls, 5113
('itprlte, 335
Cyprlclina st'rrato-strlata, 627*
Cuirnciia, 1)1 (Mioceno)
('vIirttllna shale, 627k
CUrt-i itIi family, 771
Cyprirnerla depressa, SM
Curcullonites prodrornus, 771
Cyprinui Brongnlartl, 791 ; MorristI,
(11 rron t-bi'i 1,11 ng, 9$
925
Cii tcli, 299, 791
Cyprts, 420*, 421
Cuttlt'-Ilshes, 424, 525, 869 (time Cyrena, 855; aronaren, 855; con
VOX11, 02(3; eunelformls, 925;
range) ; boric, 424
Ciiyahoga River, 942
pulelirit, 9243 ; semistrlata, 026;
tolllnella, 925
('ynnlte, 65, 66, 83, 818, 319, 449
Cyanide rocks, $3
Cyrtla exporreota, 567
Cyrtbna, 562, 570, 591 ; rostrata,
Cvathaspis, 625
Cvuitliiixon lii, 718
579, 591 ; trlquetra, 602; umbo
(vathea ('1)111
nata, 1302
669*, 4389
Cytitlioc-rlntis, 597, 646, 690, 707
Cyrtoceras, 4S2, 488, 520, 521, 551,
(vat tiuphvciis retlculatus, 515;
5131, 5112, 5138, 586, 591, 599, 625,
627 ; dorsatuni, 685 ; ornatum,
$uI1)SliIiEI'rICIi$, 515
('vutthophvllolds, 4$1, 718 (living)
516; suthannulntum, 5013, 508*,
['vatlii iJiI1 liiiin limestone, 704
514 ; snhrectum, 558 ; Vnssarl
flhItfl, 499, 500*
('yhelt', 521
(ycadoobilea A hequidonsis, 755
Cyrtoiltos, 506, 51(3; carlnatns, 5113;
.1 cii nt'vanut, $39 ; Marylandlca,
colnpressus, 507k, 514; lfllblle1l
$31 ; inutnlta, 832
tint, 51(1; ornatus, 510; Trento
nensls, 507*, 514
Cycads, 58, 44)9*, 434*, 445, 718,
S-li, 86$ ; Devonian, 409 ; ham
Cystldcans. Se Cystotds
Ikon, 596 ; Carboniferous, 1366, Cysttphyblum, 552, 597, 640; AmerI
667, (172*, 682 ; Permian, 685,
caninn, 590, (1411 conifollls, 601
1398, 704; Triassic, 749*, 750, 7513*,
Slhtirtetise, 5434*, 5(37; vrirlans, 601
770*, 808 ; Jurassic, 776, 777, 819, Cystolds, 140, 499*, 480, 570; Cam864 MOSOZOIC, 788, 879 ;Crotabrian, 470, 474, 477, 482, 486, 719
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(first) ; Calclferous, 499; Chazy,
501, 508; Trenton, 505*, 514;
ETtIca and Hudson, 511, 516;
Lower Ilelderbcrg, 559*, 580, 561;
Devonian, 577, 719; Paloozote,
719
Cytbara ternilnitla, 917
Cythere Americana, 490*, 691
Cytherea lequfiren, 916; ImitabilIs,
9141; Murylandtca, 911; Mortonl,
916; ovata, 915; sobrlna, 916;
stanminen, 917
Cythoropsls, 5143
Dachsteln beds, 769, 774
Dactytoporus arebious, 688
1)acyte, 86, 272, 278, 296, 804,
937
Dadoxylon, 596, 612, 704; antbqnum,
646; Clarki, 4110, 621 ; Edwardi
anum, 755; Ouangondlanum, 622
Dndoxvion sandstone, 594
Damonellx, 914, 915*
Dakota, Archa-nn in, 444;
Cam-brian,
46(3; Cretaceous, 818, 826,
827, 937, 838, 846, 848, 852; JurassIc, 760; Niagara, 548; Tertiary, 886, 902, 919; Triassic, 746.
See also North D.; South 1).
Dakota epoch or group, 758, 818,
821, 828, 894, 825, 829, 830, 888,
887, 889, 840, 855, 872
Dalmanltes, 310, 422, 503, 513, 521,
546, 551, 561, 570, 578, 579, 586,
591, 590, 627 ; aspectans, 557*,
591; Boothl, 587*, 591, 590, 4314;
brevleeps, 516; call icephalits, 515;
calllteks, 599* ; dent-atims, 578
Haiismannl, 421*, 422, 5(38, 570;
Ilmnltirus, 549*, 551; nasutus,
561 ; phacoptyx, 579 ; plouro
pteryx, 5431, 562, 591 ; regalia,
5S7, 591 ; selenurns, 587*, 591;
trldens, 561
Dalradlnn group, 456
Datnourlte, (15, 84; slate, 84
Darnñda series, 698, 699
Dan River Triassic, 741, 748
Dana Bay, 606
Dana Mt., glaciers on, 240, 945
Danicopsls, 174
Danburlte, (38, 449
Danlan epoch, 815, 858, 859, S66
Danube, 176; kr-ss of, 195; sedl
mont In, 190; denudatIon, 191
Daonella, 756; Lurninell, 757, 758,
774; tenulstriata, 757
Dapedlus, 784*
Dnphiuenus, 918
Daphnia, 421
1)aptlnns, 8133
Darien, Isthmus of, 2, 41, 256
Darlington cannel coat, 676
Dasyceps Bucklandt, 706
DatolIte, 413
1)aiip1ilnt', 176, 927
Davailla tenulfolln, 840
Davidson Glacier, 240
Davis StraIt, 40
Dawsonella Meekl, 437(3*, 690
Dayla navicula, 568
Dead Sea, 29, 49, 199, 256
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Death Gulch, 126
Death Valley. 23, 128, 200
Debris-cones, 269', 071S, 285
r)eipods, 420S, 4?, 424, 4885,
.139, 525, 615, 670, 091, 707,
720
Deecan, Igneous outflows of, 299,
876,938
Deception Island, 296
Decowposltinn, 258, 497, 522, 655,
665, 710, 822
Deep River, or Deep Creek, Mon.
tatia, 895
- beds, 686, 1,04, 911, 919
1)eep River (N. (..) Triassic area,
741, 143, 799
Deer, 54, 910, 911, 924, 927, 930
Deflation, 1595
Deformation of fossils. See Fossils
Degeneration. 717; in Insects, 721
In Reptiles, 797, 670 ; In Aui
phibiniis, sOO ; in Birds, 871 ; Iii
Matimials, 931, 1011
Deistersandetc'iii, 965
Delaware, 23 (height). 87, 856;
Cretaceous in, 616, 828
- Bay, 230, 3$, 744, 819
- flags, 606; limestone. 581
- River, 594, 744, 816, 945
- Water Gap. 232. SIS
Delocrlnus, 690
088
I)t'Iphlnaliterus catodon,
kucas. 9S$, 1001'
Dellrhinus, 144. 927
Delta formations, 98, 191, 195, 196
198. 197'. 89'2
Delta Survey, 190
I)eltatherlum, 917
1)elthvrls. See Spirlfer
Delthvris shalv limestone, 559
1)eltodus, 692
Dcnnavend (Mt.). '296 (height)
flenblghsblre grits, 563, 504
1)endrerpeton, 682
I)vndrocrinus ('ambrensis, 481
('lncinnatk'nsit', .M6 ; retractills,
514
Demirodus, 025, 647,
I )endrograpt us, 520; graclllinius,
516 ; Ilalilanus, 477' ; tenuira
rnorus, 516
I)endroj.his. 704
Denlropliylla, 42
1)enls)n bed, '3l7, 837
Denmark, ('rutaceous In, 8513, 857,
1)enslty of the earth, 15, 870; of
the moon, Mercury, Venus,
Mars, Jupiter, 16; of mountains:
879
Dent dc Miircles, profflo of, 313
Dent ilu Mi'lI, 920
lk-ntalinn priscilla. (ilk)
1)ent.nliii,n, 424, 707 ; attenilatum,
917 ; Meoklannti,, 691) ; Missis.
siIi,.k'nst'. 9", (PlO ; ubhi-yu.
6Th', 1,090; vOiiiit'lIilui, 047
Denudation by the aimnosphiere,
1511. 11300, 1610; by glIwhd'rs, 247
251 ; by water, 167-109, III- 1 411,
186', 45!, 9134; by waves, 217, 21
219, 221, 682

INDEX.
Denudation, relations of mountain
ranges to, *'-8S
Denver, 804
-group, 815, s25, 82L S28, 629, 880,
,439, 847, sSO, SIt,
Deoxklntion, 1245, 127, 128; de.
structive efle(s of, 125, 1211',
127' ; through the growth of
plants, 130
Depusitloim, by glacIers, 247, 2511;
by water, 169-170, 19-202, 216,
G9S ; by waves, 222; by winds,
161
Deposits, ore. Sue (Ire. See also
Sedillit
Ikihva einsma, 690
Derivation of Arachnids. 722-723
ikuniold s and Crustaceans, 72(1III Myrlnpotls and Insects, 723
724
Desatova Mts., 757
Des (.'Lmutes River, 694
Deserts, distribution or, 50, 51
snutls of, 104), LIII
I)esiiiittllipus, 911. (112, 919
I)estimtoeIielv Luwli, 849
I)c'smiihls, 4815, 859; In hornatono
or flint, 52, 588', 559
1)esmnocerus Itreweri. 887
Destruction o1 life. See Life
1)ctrltns, 755, 144, 1675
DevIl-fishes, 424
Devonian (or I)e'vonle) era, 575;
North American, 575 ; )rlsknnv,
577; Cornlferous, 579; Hamilton,
592 Chemimung (with CatskIll).
602 ; foreIgn, 622 : geological anti
geographical progress, 628; bio
logical. 080; uiturnIng, 630
- relatIons of the Lower ilelder
berg fauna, the liereynlan ques.
lion, 569-Sb
Diabase,
273, 319, 825, 339, 43,
457, 46w. 409, SIS, 748, 809
1)labucc-schist, S15
I)Inbkrt'ls. 920
i)Iah,Ii,, Mt., 835, 892
I )Izmclases. 1185
1)irn-itIun. 918
1)iaileum, 59
1)inllage, sS; rock, 87 ; structure,
W21
I )innmonil, 62, 04, 319, 455
Diamond lit-td. ()alto, 271'
I )iimniomu,I Nit.. 7:18
Dlaspore. 320
I)I:its,,im nit,, 57, 1-18
1)Int.,,min vuignrt', titlO
I)intoiumcteernis earth, S9
I)Iat,,u,e. 56, 51, 011, 64, 72. 81, 121,
185, 130, 1141, 141. 148, 152, It1,
68, 64', 2211, 819, 4813', 486, -187',
6111), 817, 8511, $s7, SIPS ; In hint,
I )lnt ryitma glgiuilea, 1102
1111-11 weplmaiiis, III, 478 481, 44.
(551, rsif, SiI:3 Sill; I,'woiisis. 479
Miii imt's,'t'-misi,., 47, "1711
l)Icvrn., 7'sO, 77 (i.muil ) ; nrIitIiiiimui,
1-410. 7tH) ; I ''i,'luIei " sOt'
I
91 1. 915
I )Irt'rnt iii a, 7941

Dh-h,,bunc', 9211; cervlnmimu, 1)20
I) Ieli,a'rI nUs, 046
1)leliodi mu, ('26 ; en sIhiattis, 9,26
1)kIonIu mnirabihls, 646
I)kotyles, 5.1, 11102 ; nasutus, 1000;
Peniisylvtiiiic,ut, 1012
I)lerunogruptus rzunosus, 510', 515,
516
l')Ieriinophvllumn, 678
Net ocarls, .567
I)kt-odia, 894* crux, 594'
I )k-tyo-cnrdaitetc Lacoci, 610*
I)Ietvoneimmii, 4SI, 550, 5'8)
1)ietvoiiemna shalt's, 4S2
I )ktvomiemira nut Iiraeophlha, 701',
702, 704 ; hiumuhidililnima, 703
Monyi, 7(12
I)lctynj.hiytumi, 4:12 ; tuberosum,
611', 621
I)kl,oiLeris, 69'.)
I )k-tyorlmlslus irIscus, 51)9
1 )li-yuiodtiu, Tub, 187, 773
I)I4l&'lIihlimt, 1)25
1)kleiiiiiudus, IllS
i)1Ik-I.lIops, s53 ; cow plus, 85$';
femox. 53* ; vorax, 53S
I )hilelphivs, 55, 9111. 1)18
I)klus IlielitUs, 54, 1014
E)l,lvtuileti', till, Ills
Dldyniites ghobus, 174 ; tectus, '174
DkIvmtmgra,tus, 520 ; extensub, 500
Iliecomiemira, 691
I)Iehn'uma, 642 ; bovidens, 690
i'hoimgata, 107 ; hustatn, 100'
Dikes. 110. 262', 264, 1955, 21)9', 302,
:1275
l)ilomnn rmmtler-.ita, 1)27
Ditiiettaii iivri'id of hicks, 457
I)hmnutrolomi, Ce'S
h)Imorphudon, 186
Dinam-ites Liccanus, 778
l)ln,lvmnine, 521
Hertzeri,
1)Imilehithys, 003, 618
617', 619 ; (ioiiltII, 619
l)Immktis, (III, 1)18
I)Inut-erns. 1)1)75 ; size of brain of,
914' ; inirabllis, 1107
l)lnoeeras ts'tis. 556
I 111141pliis, 11411
I)iuom-nis, 54, 1014, 1019 ; giganteus,
5.1, 11114
Dinosaurs, Triassic. 741, 751 ,lnno'sk', 700, 706, '155. 71)6 ; ('m.
tareous. siil. 52, 886, 844'. 850,
$68', sOT, smi ; rt'hsiiIi'rm to lOrds,
'196
I)iu,imt hen mu, 1117 ; gigami teu mu, 1)14.
1)1n,,It sam irims, 1St'
I)I,'iii,le. 521
I )hn.,iites, 882 borealis, 68$ ; hitchinutims. c32, S34: (ohiuimitmlmtiiiis,
$8-I I)mimikvrlnumumt, 884
I H'tpui'Ie, 818, :323
I )lorvtu, $65. (17' ; schist, SOS
I )lnpvrt's. 1)22
Jill). 11115, 111N. 114'
I )ipnlt Is dlithtlisemIs, 691
l)ihillva liuii,'sts,im(', 7111
I)iplivI'hmvlInhii, 550, tI-ill; ziriiuiiitiii'-''ui mu, ',9 1 ; Oi"nc'milutit, 592
strnuiiiiit'umii, SIll
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I )IIIHIIIII, 907, 918
I )IIIIIICIIIIIIII liiIs, 880
I lliIs An,Ilea, 546
1)IIo' 11(1,11) vletor, PIT*
I 11110115 lt)llgII*, 762*
I )i1l ,OItli arelitils, 1)17
I lijIloll us, 087, 1392 compressUs,
I tulIrv I, 702 ; gracllls, 692
Ill) us, 692
I Ii plograp till', .5,20
505*, 514
Ui tIcroiiatti, 510*
prt Is, 510
5I)1flh1I04tt5, 516;
hit uddi, 516
I )IpIojnuIu, 411.)
I )IjdOIItrII$, 627
I Ii jilti tus Itlugleaullut us, 751
I )ipuoaIis, .11
I(130Z0I1',57,
0I7, INS, 1311), 625, 725,
post I'aletbil,te, 786 ; Per.
III I, 0'i"4 'I'rlusslc, 772, Sot)
1)Ijluol, 53, St), 117
I lijliIOLIIIII ItlIllItlis,
I 11(11iii la, 4t),*, 499
1 I 1110(1111 (Ifl A ti tritiis, 1,106*
1)11' ter Itlirts I ha - 1)n'thtII, 615*
I 'rIle , 615*
I )lttrs, -it!), 679, 788, 704, 900
(number of Florissant)
P11 terus, 625, 62, ; uiuerolejiidotus,
625* SlIer%vo11I1, 617*
I
of 1i6'. See Life
Pi'etiia. 59, 72. 425, 447, 475, 481,
42, 4'T ('aerlatonsis, 4.sI ; hirnel
Iii.a. 497* Lodonsls, 697; trun
&ata, 612, 620
1)iselmibls, 779, 929
1)Iscltilsea lariiellosa, 4'27*
Diseltes, 591, 602, 642, 700
I )ico hay, 244, 850
Disco Island, 272, 876, 819, 881, 921
I )isca,oriis, 5-10, 549 ; conoideus, 546
Dismal S%VaJflll, 154, 881)
I)1 I laCeIII . IItS through frost, 280,
See also Faults; Flexures
Frail liFt S
Dlssaitis, 917, 918
Distort ions of beds and fossils, 107,
l9. 870*, 371
I'lstirtrlx septemn(lentata, 916
1)Istimrbariet,351, 363,406; ofclos
ing A retin-an, 411)3
Dltliyrociiris bIll, 609 ; carbonaria,
1191
I )itrovtt', 85
I )OCLliIfl 1)0(15, (1410
I )ocudnn strlntus, 767*
Dodo, 54, 1014*
I titillrmirus, 1017 ; claylcandatus,
I 111)8
Dog, 924
l)ogg&'rs the Oilvt, 775, 776
I )olittorrimtiis, 590
l),Itrvte, 78, 85, 87
1)i'Ik'hupt Cr115, 557
I),I luliosiiii rs, 870
I )oltchosunia, 61)9 ; longissimurn,
704
Dolomite, (15*
i)uI,rtilzallon. See Dolomyte, mak
ing of
I)iiliiriiyte, 78, 79; making of, 133,
134, 848, 6,24

Dolphin shoal, 19, '20,217
Dolphins, LIlA
I )oiuatuItrmibIlicatu in, 691
Doinbeo1sIs obtusa, 889 ; liquor.
rosa, 881)
I)omiilmia, 1)18
i)onitx, 916
I )tirdunhtn, 851), 86(1
I )iropyge, 182
L)orverintis iiiiicoritls, 040*, 4146
I)oslntn, 1)16 ; acetabula, 917
L)oslnioisjs kutletilarls, 915; lenti
ciiliiils var. 1ckiI.4t)7*
1)oublo Mountain bells, 6O()
Drainage, antecedent, consequent,
203w ; reversed. 947
-- superimposed,
l'ourses, direction of, ITT, 388
l)relitnitcaiitlius, 692 ; anceps, 092
1) repa IllS Pactlieu, 1014
Dm'pani'elwllus A imierlcarius, 841*
I)relutmiiiphvcus, SIR)
Drift, 1,S4, DIll, 1)42
Drill-sand hills, 04, 161, 162, 218
I)rlpstone, TO, 181
Droutaus, 54
i)roniatijerium, 754, 7(19, 778; syi
vestre, 754*
Droriio,is, 1389 ; agilis, 684*
Droinornis, 1019
Drumnllns, 1)42 970
J)ruuimonul island, 54
Dry Creek, Wyoming, 907
Dryolostes prlscits, 767*; vorax,
T)rvoplthecus, 1)27
1)rvlmtodon, 917
Duckbill, 58, 415
Dudley limestone, 568
Dugong, 925
Dii nulas gorge, 946
I)uiies, 1fl2, 265
1)unvegnn beds (group), 830, 840
i)unvte, 89
Dust, transportation of, 159, 195;
showers of, 1418, 164 ; on gla
ciers, 285, 241
Dwyka bowlder bed, 699
1)yas. See Permian period
Dyke. See Dike
Dysaster ovulumn, 5)35
l)ysintrybyte, 84
I)ystropiiteus VIn?maIie, rs
Eager, 212, 215
Eagle, 90'A
- Ford shales, S15, 824, 854
- Pass beds, 824, 855
- ray, 648
Earth, 15 (density), 876 (specific
gravity) ; general contour amid
surface subdivisions, 15-30
Earth as all Individual, 9, 10, 398;
relation of to the universe, 10
proportion of laud and water, 1(1;
system in the courses of feature
lines, 85-12, 393
-, changes in tile ellipticity of Its
orbit, 25-1, 255; Iii the position of
its axis of rotation, 255, 846; Its
cIrcumference slmrtoned In moun
thIn-making, 391 ; heat reached
the surface In three ways, 258

1053
Earth, polar diameter maximum
and tnlnhmiuin, 11)27
-, development of, 891, 11)27
thickness of the supercrust, 209,
377
Earth-shaping, muounttin-making,
and attendant phenomena, 345
391; (changes of level, 845; dls
turbed regions, 851 ; typical
mountain ranges, 858; subordi
nate effects of orographic move
miients, 8(19 ; origin of the earth's
form arid features, 8741)
Earth (soil), 75, 76, 187 (nitrifica
tion)
Earth-worm, 156, 428
Earthquake waves (oceanIc), 213,
'221, 875
Earthquakes, 222, '229, 265, 266, 287,
844, 849, 372-875, 886, 875; cause
of t'xteminlniations, 577; geolo
gical effects, 875 ; not essential in
volcanic eruptions, 241;
East Indies, IT, It), 21, 44, 145
(coral reefs); ti-ends oftime islands,
88, 89, 40; volcanoes, 21)5, 29(1,
297
East River, l'icton, 533, 548
East Rock dike, 299k, 31)9*, 808,
312, 804, 806
Eastern-border life of N. America
related to European, 572-573
-interior region of N. America,
576. 578. 638, 1386
--Sea of N. America, 587, 589,
541, 558, 571, 575, 579, 580, 628,
1129. 688, 784
Eatonla, 502. 579; mnodlahis, 579;
pecttIIir1s, 379; slnguiaris,
1162
Ebb-and-flow structure, 93§*
Even beds, 111)8, (31)9, 770
Eceentrkity eYcIv, influence of, on
climate, 254, 978, 1027
Eccvliomplialns priscims, 504)
Echidna, 58, 415, 795, 798
Eeiiinlds, 59
Echlnocaris, 51)9, 1115; Beechorl,
4321; punctata, I300 ; sociatis, 621
Wbittieldi, 691
Echinoderms, 50, 130, 140, 1-14, 158,
418, 419, 427, 42S, 429*, 480;
Cambrian, 461), 450; Calciferous,
499, SOt')
Echinognathus Clevelandl, 513
Echinokls, 4289, 429*, 4$0, 525,
Echimiosphnrites, 590, 521
Echinus, 157, 427, 4289, 429,
879
Echo, 360k, 862
Echo Cliffs, 3(38*
Echigyte, 6S
Ecphora qIlli(IrIcostata, 999$, I1T
Ectacodonl, 1)18
Ecuador, 035 (heIghts)
Eddies, 1S4
Edentates, 54, 919, 924 (first), 927
Edestosaurus, 826; dlspar, 849*;
vclox, 545*
Edestiis, 64); giganteus, (380, 681*;
minor, 680, 681*
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Edmondla, 621. 622
Edriocrinus, 5(32, 577; sacculus, 579
Egan Range, 865
Eggs, fossil, 787
Egypt, 160, 162; Cretaceous of, 857;
Tertiary of, 920
Elfel, 289, 297, 568, 602, 627, 988
EifoUan beds, 626, 627
Elger, 286
Elletious anthracinus, 691
Ela?oltte, 65, 85, 449; syenyte, 582,
876
Elasmobranchs, 587
Elasmosaurus, 845; platynrus, 845
Electric Peak, 937
Elephant, 54, 402, 903, 924, 925, 927,
981
Elephas, 927 ; Africanus, 1016;
Aniericanus, 998; antiqiius, 927,
1006; Columbi, 1001 ; Melitensis,
1006; meridionalls, 927; primi
genius, 966*, 997, 1000, 1004, 1005,
1006, 1009, 1015
Elgin sandstones, 773
Elginia mlrabilis, 778
Elizabeth Island, elevation, 850
Elk, 050 (migration)
Elk Mountain sandstone and shale,
606
Elk Mts., 106*, 863, 864, 689
Ellipsocephalus, 482
Elm, 435, 887
Elotheriuin, 909, 911, 918; crassum,
909*
Embryonoid, 423
Emerald Island, 39
Emery, &4L 455
Emeu, 54
Emigrant Peak, 987
Empo, 843
Emys, 901, 926
Enallornls, 864
Enaliosaurs, 682, 760
Enallaster, 834; Texanus, 834*, 886
Encephalartos denticulatus, 756w
Encephalaspls, 588
Enclirnatoceras flrlchl, 896, 915
Enorinal limestone, 548, 559, 598,
638, 728
Encrinites, 429, 480. 559
Encrlnurus, 515, 521, 551, 552
lv1s, 569; punctatus, 565*, 567,
568; varlolaris, 565*, 567
Encrlnus, 719; lilliformis, 429*, 770,
771*. 774
Endoceras, 501, 500, 508, 511, 514,
516, 520, 591 ; proteil'urme, 514,
516
Endogenous work, 867
Endogens, 4$4, 485
Endolobus glbbosus, 691 ; spec
tabilis, 642
Endothyra Baileyl, 646
England, 19, 82, 48, 162, 219, 284,
256, 297 (volcanoes), 874 (earth
quakes), 481, 464, 760; disturb
ances and upturnings in, 584, 680,
788; geological map of, 698, 694*
-, Archtean in, 456; Cambrian,
480,484
Engonoceras Gervllilanum, 805
Enhydrlodon, 927

INDEX.
Enhiirocyon, 918
fraternus, 1001 ; major, 1001, 1002
Enneodoti crassus, 767*
simplicidens, 912; Stenonis, 927
Enniskillen oil wells, 581
Etjuus beds, 892, 10(30
Eustatito, (3T, 88
Eras, 4ft6; reality and character
Entolluni, 760 ; avicula, (390 ; gibistics of geological, 31)7
bsuin, 759*
Erebus, Mt.. 296 (height)
Entouiis, 567, 621
Eremnopteris, 689, (391)
Entomostracans, 420, 421, 423, Eriun, 576, 51)0
489, 525, 574
Erie clays, 972
Eocarboniferous period, 082
Erie, Lake, 200, 1)47, 986
Eocene lakes of N. America, SS'2, Erie shale. 6I)(i
893, 894, 929, 938
Eri tmnceus, 1)27
Eocene period. See Tertiary
Eriptychius Amnerlcanus, 509*
Eocystltes, 474; iungklactylus, 474* Erosion, '258, 800, 888, 890, 583, 647,
Eodc'onian, 57J
709, 527, 828, 868, 875, 894, 984
Eogene, 8S0
by carbonated water with humus
acids, 129; by drift sands, 160;
Eohippus, 905, 918; pernLx, 905*
Eohyus, 918; distans, 907
by rivers, 167, 178, 181*, 188*, 195,
Eollan, 159
196*, 943; by water containing
Eoiian formations, charac tortsties
carbonic acid, 180, 131 ; in the
of, 162
Carbon lfrrous, 709; causing un
Eollan limestone, 491, 517, 528
conformability, 115, 116. See also
Denudation
Eollgnltlc, 8S5, 888
Eoltis, Mt., 580*
-, Monument Park, 186*
Eopaleozolc time, 407, 460S, 462 Eruptions. See Igneous; Volcanic
535, 716
Eruptive rocks, 76, '265
Eryon aretlformnis, 783*
Eophrynus Prestwichli, 705
Euphyton, 482
Ervops megucephalus, 686*, 687
Us sehara, 425*, 427
liophyton sandstone, 482
Eosaiirus Acadlanus, 682, 688*
Eskers, 942, 970
678*; Esopus millstones, 542
Eoscorpius carbonarius,
Woodianus, 691
Esthorla, 600 (oldest known), 623,
Eospongla Rwmeri, 508; varians,
774; muinuta, 771. 773, 774
114)3
ovata, 75(3*; pulex, 600
Eozoic, 442
Estheria shales, 771
Eozoon, 819, 454, 455; Bavarleum, Esthonia, Cambrian in, 482, 484
455; Canadense, 454*
Esthonyx, 917, illS
Eparchican, 446
Estuary deposits, 191
Epelrogenic movements, 376, 888, Ethmophylluui, 488
392; of the Tertiary, 933-987; of Ethmosphn'ra, 819
the Quateruary, 1020
Ethylene oils, 124
Etna Mt.), 26, 279
Ephedra, 435
Etoblattlna, 091, 701 ; primva,
Ephemera, 600
701*, 704; venusta, 670*
Ephemerids, 600
Ells Island, elevation, 850
Ephippioceras divisum, 691
Epiaster elegaiss, 837; polygonus, Eucaivptocrinus decorus, 550, 551,
567, 568
8(35
Epicen (ruin of an earthquake, 874, Eucalyptus, 83S; (ielnttzi, 888*
875
Euchusnus Blnmenhachil, 500
Epidosyte, S8
Eucrvptite. 821
Epidote, 66, 82, 85, 88, 812, 815, Encryte, S7
818, 881 ; gneiss, 88; rocks, 88, Eucyrtidium Mongolfieri, 433*
59
Emollulyte, 55
Eugereon 1iicking'i, 722
Epihippus. 912, 918; griscilis, 907
Enlinmu Texanms, 855
EJ)ipodltc, 422
Eplt.iiemla Argus, 108, 1(4*; gibbu, Eunietrla Verneniliana, 642*, 646
168, 104*. 01)9; gibbernla,163, Emimicrotis curta, 757, 700
164* ; longleorimis, 1(33, 164*
Eumys. 1)18
Eunella Sulllvanti, 601
Epoch, 406
Emmnema, 514
Eporeodon, 911, 918
lii nice, 428
Epsom sails, 555
Epsomites, 555
Eumwtiannmphloxys, 108, 164k ; gran
ulata, 1641, 1641'; hevis, 168, 1(34*
Equiseta. 484, 486, 560, 668, 667,
trlmieiituiu, 1(38, 164* ; zobritia,
(372.711
163, 164* ; zygodon, 168, 1(34*
Equisetltes, 685; rugosus, 704
74
519
arena520. 562, 586, 5(31), 595,
(ash),
;
Enomnpimains,
Equtsetum,
ceum, 778; arvense, 74; hyenusie,
625, 642, 700, 704; nlmtus, 567;
tillnulatus, (101 ; cyclostomus, 602
75; teirnatein, 74, 75
funmitmis, 5(18
Equivalence of strata, 898, 401.
815
Eupachycrinus, 611(1
Equus, 918, 919, 927, l00'2 ; cabal- Emipagurns, 59 ; IongIcarpiis, 994
ins, 1004, 1005; execlsus, 999
Eupelor durus, 751
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Eiiphantwnh, 482
En i iIwla'ria, 691,701; anthrax, 103
iig'a, (178*, 6111 14rOVII1I, 103
i: 1iii,itlilt', SS
i:ttpItctt1Ia, 482 ; iieciosa, 57, 482
Eiipro.ps I )anie, 111)1
Eu1ittroriils, 5
Eurasia, IT, 21, 99, 82, 88, 51, 588
sea level at Its center, 846
Eureka district, 447, 469, 478, 484,
.95, 516, 541, 580, 581, 592, 51)8,
059, 188 ; mine, 840 ; quurtzyte,
si sliiik', 006
-- Mts., 74.33
Europe (see also Eurasia), 22, 23
Intan height), 24, 26, 32, 34, 41
re tid s), 51, 165, 234 (snow-1111o),
(0 volcanoes), 8101, 81)5, 81)8, .102,
41(3, 405, 406, 407, 411, 700, 793
warmed by the Gulf Stream),
918 ; American typos In, 550, 573
Australian types In, 922
-, A rchaaii in, 442, 4-56 ; Cambrian,
4-4 ; Carboniferous, (181, 1174, 689,
61)1, 699, 099 ; contrast of ,lurns
sic with American, 71)9 ; Lower
Silurian, u iturnings at the close,
533-.535
Enryapteryx, 1014
Eurvleiiis, 619, 6S0, 692 ; tubercu
lata, 6S0, (192
Eurviiotns, 417
Eurpterhls, 59, 4201, 496, 565, 628,
719. 721 ; Devonian, 604, 615,
628*, 1129, 719 (culmination) ; Car
boniferous, 010, 701, 110, 719
Lower Silurian, 41)6 (first), 521,
595, 119 Upper Silurian, 551),
571, 574; Onondaga, 556*, 557
I'aleozoie, 420, 711), 723
Eiirvpterus, 557. 507, 615, 628, 722,
,24 ; giganteus, 5511 Mnnsfieldl,
616. 677*, 710 ; prominons, 550;
rem Ipes, 550*
Eitrvte.
205
Eiisureiis. 557
Eiisthvnojtenon, 619 ; FoordI, 018*
Eiitaw beds (group), 815, 810, 819,
(Tipper), 815, 823
Eutoptvehuis, 918
Everest (Mt.), 23
Evergreen trees, 435
Evolution. See also Life, progress
of
Evolution by Natural Selection,
1080, 1032
- and cepli alization, 489
l:xivitl in by water, 16"1§, 178
Exereinents, fossil. See Coproiltes
Exinouth IsI., 749, 792
Exogens, 434, 435
Exogra. 160, 779, 834, 840, 850, 860,
71 (end) ; arletinit, 835*, 837
Boiissi ngai ii III. 867 ; coluinha,
860 ; COlitlIlbOili), 854, 855 ; eonica,
865 ; costata, 84l, 854, 855;
('onlonl, 805 ; ilal)eIlatis, 836
la'vigata, 807 ; pon(Iorosa, 884,
855; slnuata, 837, 864, 805; sub
plicata, 867; Texana, 817, 830;
virgula, ISO*
Exogyrn arictina clays, 817

Exogyra pondorosa mans, 815, 824,
855
Expansion and contraction, 259-205,
372,881
Exploits River channel, 401
Exploring Isles, 150
Extermination of species. See Life
Exti-nerintis llrlarous, 778k, 790
Facial suture, 42l
Fagns, 896, 922; ferruglnea, 895*,
59(1
Fuirweather, Mt., 25, '288
Falkland Islands, 19, 155, 209, 627
Falit ns beds of Anjou, 1)2)3
F'anien nIan beds, 62(1, 627
Fanning Islands, 88
Faroc Islands, 988
FascIolaria, 1)16, 922; buccinoides,
841* ; rhuinboitlea, 917 ; scalarina,
1)17
Fats (animal), 128, 124, 655, 656
Faults, 107% 108*, 109, 110*, 111,
114*, 115*, 858; in the Great
Basin, 865, 360 ; Taconic, 521*;
A ppalacliian, 854
Fauna antiqun Slvalensis, 1)86
Faunas. See Life
Favistella, 552 ; fhvostdoa, 550
stellath, 510, 511*, 515
Favosltes, 310, 547*, 552, 562. 567,
581, 5S5, 597, 625, 640, 719
nrbuseula, 601 ; Argus, 601
basalticus, 551, 51)1; Canadensis,
592 ; cervicornis, 562, 695
favosus. 550: fibrosus. 520, 522,
507, 56S, 628; Goldfnssi, 584w,
590; Ilothlandicus, 550, 551, 552,
567, 5(18, 561). 51)1; ilamnhltonhe,
601 ; llel(lerhergln', 560, 5112
hitnlspliarleus, 592; Nlagarensis,
547*, 55) ; placenta, 601 ; poly
morphus, 569 ; reticitlatus, 628
tiirhinatiis, 51)1); venimatus, 550
Faxe chalk, 8116
Favimlite, 07, 84, 888
Feature-lines, system in courses of,
85
Feldspar, 64's. 129
Feldspathic rocks, 80, 81, 82; veins,
881, 882, 886
Fells, 019, 927. 1001 ; atrox, 1000;
leo, 1004; pardoldos, 927 ; speia?a,
11)04, 1006, 1009
FelsItic, 88
Feistiines, 517
Felsvte, 82, S-Is ; porphyry, 468, 628
Fenestellu. 545, 54(1*, 551, 5110; ccl
sipora. 579 ; prlsea, 546*, 550
Fermentation, 187
Fernimndlan, 446
Fernando do Noronha, phonolyte
peak, 268*
Fernando Pc, 297
Ferns, ri, -184, 4SII; ash of, '14, 75,
668; Silurian, 564, 5(15; Devonian,
5S8*, 51)5*; SubearboniferouS, 689,
645; Carboniferous, 654, 657, 666,
6(37, 670*, 671*. 6711. (177, 682, 689;
Permian, 684, 685, 704; Triassic,
740, 749*, 150, 770
Ferriferous limestone, 664, 792
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Ferrtiglnous clay, 81; rocks, 78;
sandstone, 80
Fibrolite, 65, (16, 88
Flbrolitic rocks, 88
Flclitelgehirge, 563, 627
Flcophylluui, 881
Ficus, 881, 840, 910; auriculata, 889;
lanceolata, 889; occidentalis, 839;
planlcostnta, 889; spectabills,
889; tIllafolla, 880 ; Virglnlensis,
8320
Fig, 812, 850, 921
Fiji Islands, 145, 148, 150*, 297
Fin-spines, 4l6*,
Findlay, Ohio, 588; oil-region, 188,
206, 522-528; yield of, 528
Finland, Arehaatn in, 455, 450;
Lower Silurian, 521
Flnsteraarhorn, 286
Fjords, 946-049 (Glacial)
Fioryte, 8'2§
Fire clay, 650
Fire-lInk, 805, 807
Firn, 2$8
Fish, primitive, related to the Lamprey, 1081
Fish Creek Mts., 495, 788
Fish-oil in shales, 655, 656
Fish-scales, composition of, 78
Fisher Island, 822
Fishes, 52, 55, 56, 59, 60, 141, 146,
150, 158, 176, 400*, 414, 415-418,
564, 681, 789, 797, 981 ; fossil, in
oil-yielding coal-beds, 124; reign
of, 411, 400; earliest known, 509;
culmination of, 861); first Teleosts,
738
Flabellaria, 1)21; encenica, 889
Flabelllna rugosa, 482*, 860*
Flagellates, 419, 4431
Flagging-stone, 92, 480
Flaming Gorge group, 747
Flttniingoes, 028
Fliunmoninergel, 865
Flat-pebble conglomerate, 604, 680
Flathead River, 240
Flexure-fhults, 109*, 851
Flexures, 1)9, 101*, 102*, 108*, 104*,
105*, 106*; variations in, front
pressure, 8(19; in the Alps and
,lnras, 867, 868
-,Appalachian, 354, 855*, 856*,
649, 650*; Taconle, 527*; Wa
satch, 361, 3(39
Files, 4111, 194
Flint, 03, 97, S59; implements,
148, 1008
Flocculation, 170
Flood-grounds of rivers, 1S1, 182,
183, 101, 193-194, 948. See also
Shore-platforms; Terraces
Flora. See Plants
Florida, 22, 28 (height), 40 (trend),
158, 210, 213, 265, 828, 483, 828;
coral reefs, 145, 158, '213
-, Tertiary in, 881*, 884, 887, 890,
891, 892, 916, 934 (elevation)
- Banks, 168
- seas, Nulllpores in, 141
-Strait, 44, 45, 229, 280, 256
Floridian epoch and beds, 884, 891,
900*, 917
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Florissant group or basin, 986, 898,
900, 901, 902
Flotation crust, 3TS
Flow-and-plunge structure, 93*5,
194
Flow of solids, 3I 352
Floworloss plants. See (Jryptogams
Flucran, 453
Fluidal structure in rocks, 775
Fluor.apatite, 73
Fluor spar. See Fluorite
Fluorides. (19, 1*, 143
Fluorine, (11. 63
Fluorite, tluor spar, 63, 695
Flustra, 427
Fluvial action, 744; formations, 191,
192, 820. Sec also Alluvial
Flyach, 261*, 9,20
Folds. See Flexures
Foliated rocks, TT, 809, 534
-structure, foliation, 112, 118'5,
312, 310-371
Folkestone beds, s65
Fontainebleau sandstone, 818, 926
Foosdiceras bkiorsatuin, 7174
Foot wall, 32S
Footprint' (tracks, trails), 89. 95,
223; Cambrian, 446, 464. 4(19,
474, 477', 470'. 430, 42; L'ppc'r
SlIurlan, 544, 545', Sit;' ; Car
boniferous, 631, 632, (d4, (192;
Subcnrboniferous, 644, 645; Tn.
assir, 142. 745, 7500, 7510, 7520,
758, Th5, 772'
Foraminifers, 57, 72, 432', 454, 502,
$40, sss, s(1o, 92'2
Fortlilla Troyensis, 472'
Forest bsi, 921
- Mirble, 115, 790
Forests. 15'i; buried, 135, 897
Formation, 905
Formicida. 901
Formosa, 40
Fort Benton group, 825, 6129, 848,
bSS
- Bridger, $6
-Pierre group, 815, 825, 829. 830,
855
-Tejon, 45
-Union beds group). S28, 880
- Worth limestone. MIT, 887
Fossil wood. See Wood, silicifled
Fossiliferous rocks, 3,19, 41)41, 409
Fossilization. methods of, 142
Fossils, 12, T1. 141 ; as means of
correlation. 400-41)4 (precautions,
402-104), 44)5; distortion of. 107.
869, 370'. :371; obliterated by
metamorphism. $14; silicitled,
180, 185, 1(10, 328
Fox, 9'27
Fox hills beds (group). $15, 825,
428, 829, 844), 842, 859, 555
Foyayte, 855
Fractures, 10ll, 107, 10S', 1090. 110'
-and displacements from pressure,
8,'12'. 853'. 811, SOT; from fleeiing
water, 231), 231; from variations
in temperature, 264)
Fraglilarts Ilarrisoni, 699; iinnath.
1(14', 165
Fragmental deposits, 76, 89

INDEX.
France, 8!, 167, 176, 2117 (vokannes),
734 (upturnings)
-, Archivm in, 456; Cambrian,
434; Lower Stiurian, 518, 52!
Upper Silurian, 5(14, 564;, 5G', 569.
5743, Devonian, 626; Subearboiiif
erous, (9:( ; Carboniferous, 0113,
696, 71)2 ; i'ertnlaii, (198 ; Triassic,
765. 169, 774; ,liinisslc, 774, 715,
7t2. 798; Cretaceous, 774, 556,557,
850, SI'h", s43(;, 870; Tertiary, 919,
920, 921, 923, 924, 925, 926, 932
Franconia. 84, 7(19, 17*
Franconlati. 788. 7(19, 173
Franklinite, 70, 449
Frasitian slates and limestone, 626
mrasitluit stage, 1301
Fraxlnustlenticulata, 839; eoceuica,
889
Fredericksburg epoch (group), 815,
817, 519, 836
Freikriksluuib Glacier. 240, 241'
Freeport. coal, 652, (157, 663; lime
0.2
Free,.Ing, elects of, 230
Frciburg vein, 8.'33
French chalk, (1!
Freitt'ia. 9'22
Friendly Islands, 19, 20, 296, 892
Frigid zone, 465
Fringing reefs, 148', 140',150',
151
Friscu, Utah, 840
FrohIlier Bay, 495
Frog, 54, 415, 418, 681, 795
Frog Mt.. Ala., 571
Frog-spittle, 437
Froiiii' group, I
Fi-ondieuhwia annuinrls, 482'
Front Range of Colorado, 24, 25, 29,
21)3, 359. 3138, 889, 580, 139, 747.
527. S29, 893, 9*5
Frost causing displacement, 157,
231'
Fruits, Carboniferous. 6(13, 660*,
672', 673', (174; Subearbontfor
oils, 639; Tertiary, 596', 921
Fucoides lint-laid, 549
Fueus, If,, 487
Fuegla, 154, 29"; Cretaceotis in,
55M; snow lint' in, 284 ; glaciers
oil, 2141
Fnjlynina, volcano of, 290
Fulgur sIiiIger, 910
)"ulgiirlte, 2655. 2(16
Fuller's earth, 775, 790
Fumaroles, 82, 2(15, 2035, 294
Fundamental Gneiss. 4085, 440
Funeral Mountains, 23
Fungi, 75. 186, 154, 484, 4805, 441,
454, 65.4
Fungoil plants. 63
1"tisil,IlIty of igneous racks, 273,
$114 ; Its degree determining the
character of volcanic hetioiiiens,
278, 27-1
Fusion, cooling from, 2(11', 2414
Fusispirn .'loriguta, ('IS; terebri
formis, hill; v.'iitrlrosn, 545
Fusuilna, 483, (150, 674, 696; evlln.
ilrlca, 482, 1174', 1199, 71)1) ; c1011
gata, 690; grat'ilIs, 690; Japonica,

70(1; robuslit, 691); ventricosa,
61)41
Fusus, 130, 916, 92'2 ; oxllis, 91!
interstrlatus, 915; Labradoronsis,
034; pnrlils, Oil ; pearlenals,
916; struinosus, 017; tornatus,
984
(labbro, 875, 88
(i&sdolluito, 449
(ladus, 1)16
(lalathca, 703
GnldhtpIg, 82
(iatoua, 705, 1255
- 1hueston, 342, 492, 494, 518,
514, 515, 522
C,alcocerdo, 855; lalldens, 926
Galerites, oo
Gaicrus, 916
Gait limestone, 543
Galveston Deep Well. 890, 691
Gambler Islamls, 154)
Galupsonyx (imbriatus, 701', 708
t1atmgiuisoterls, G'J$
Ganges, delta of, 878; discharge of,
113; silt of, 1110
(languo, 69, 70, 3315, 883
Gannet, 902
Ganohis, 55, 59, 401. 402, 4165, 417',
4114, Sill; structure of teeth, 417',
725; Trenton, 509 (first). 574;
Upper Silurian, 5714 ; Devonian,
Ssl, 589', (1ls", 619, 620, 625',
629 ; Subearboniferous, 643, Too;
Carboniferous. 670, 65u', 692, 693,
702; l'eniulan, (1sT, 705; Pako
zolc, 125, 7,271 post.I'aleozole. 7841;
Jurassic, 61111,788,754'; Mesozoic,
S79; Creiaet'ous, 812, 828, 348,
862, 363; Tertiary, 92'2
Ganorhy imehus oblongunt, 621
Ganilt'au slmzik, 60."
Gitnilners River. 131, 182' (springs),
188, 8041, .507
Garnet, 66*5 ; rocks, 82, 88
Carnetyte. -ASS
Oaronue. I'll
Oars. See (lanoid
(inrumnnian, $59, $06
(Ins, mineral. See Mineral oil and
gas
Ciaspi, 88, 460, 533, 514, 554, 581,
59$, Oil, 630 (upturnings)
- limestone, 544, 584); sandstones,
591
Oasl,-Worc'ester trough, 5*6, 537,
558, 559, 577, ii$*, 115, 732
C.nstornis, 925; Etlwartisi, 925
Oastroelia'nn, 157
(lastrolbo4ls, 50, 180, 152, 157, 4235,
424%,4260
Onult. $15, 818, 887, 857, 858, 850,
865. 935
Gavittlls I)Ixoni, 926; fratorculus,
$45 ; Neo.'esarlensle. $48
(lavlnis, 54, 754, 78'l, $48
(lnvliinn Range. 39'2
(lay lit-oil. See Martha's Vineyard
(hant, Glacier .1u, 285', 2336, 28(4,
242
Oeanlit'Uiit'. Cincinnati. Soc Cln"
cintuiti uplift
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,aiiticIinos, 106, 864, 081, 582,
ctirrtsionillng to geoMyncllnc,
887, 31)2
Gdlniiian, 570, (126
(khIenitO, 818
ornelIaria loricata, 427*
i O1uIfla HIrP(1reit var. Tottoni, 917
(ou1s, 90, 827, 881
* One lit 011111111 validurn, 091
tllesee bails, 504, 691
- epoch, 410
Falls. section at, 91*, 542
- River, 540, 542, 005
-- shale, ssi, 601, 728 ; slate, 598,
St's
Geneva, Lake, 199, 202
Good hod, (187
(lootles, (l7, (lb
(ieotlia, 482
GOOditt'roiiS limestone, 540
Geogenle work, 876
(leoglyphics, 9,4
Geographical distribution of plants
1111(1 animals, 52-GO
Geolabis, 918
Geomys, 919
George's Shoal, 944
Georgia, 2$ (height), 24, 184, 878
(earthquake), 872
Georgian Bay, 540
- period, 464
Geoynclinal movements over the
oceanic basins. 93&-987
Geosynclines, lOO, 11)9, 865 (Rocky
Mts.), 880, 387,
Geotherrnlc, 257
Gerablattina, (191, 701 ; balteata, 686
Geralinura, 701, 728; Bohemlca,
708; carbonarla, 691
(leraplirynus carbonarlus, 691
Gerarus Dana', G7t*
Germany, Paleozoic In, 463; Up
per Silurian, 563, 561; Devonian,
626, 027, Subearbonlferous, 693;
Carboniferous, 693, 69(1, 703, 704;
Permian, 697, 698, 707, 722
Triassic, 741, 769, 778, 774 ; Ju
rassic, 174, 776, 703; Cretaceous.
774, 859, 865, 8(1(1; Tertiary, 920,
922, 928, 924, 1125; volcanoes In
ripper Silurian, 2(1
Gervlllia, 759 ; aenta, 700 ; aneeps,
$65 ; bipartlta, 774 ; costutu, 773
longa, (190 ; socluII, 770, 771*,
773
(lervllliopsis onsif,irrnls, 854
Geyser, water-and-gas, 007, 608*
Geysers, 82, 265, 277, 201, 805*_809,
807k, $0S : basins of, in Yellow
stone Park, 152, 805, 306* ; sili
CCOUS deposits from : geyserlte,
64, 82, 152. 805. 306, 807; ter
races of New Zealand, 305*
GIant geyser, 397*
Giantess geyser, 807
Giants' Causeway, 261*
Gibraltar, 131, 214
-, Straits of, 20 ; currents at, 49,
229
Ok'eekite, 84, 820, 453
(lila River, 885
Gilbert Islands, 36, 88. 30, 14,
DANA'S MANAL-67

Ginkgo, 485; adlantoldes, 889
(Itorilaniella, 482
(liratle, 007
(l4ratliiiw, 927
GIrvaiiela, 470, 502; ocellata, 501*
Olvet (Glvutlafl) limestone, (126
(Ilaheilu, 420', 42l
Glacial period, 948 ; American, 948;
migration or species caused by,
945; elevation of the land, (146;
height of ice, 951 ; slope required
for flow, 952; direction of flow,
1152, 955; courses of scratches,
053; DrIftlo area, Wiscondn,
1)58; first Retreat, 961 ; final
Retreat, 9(17 ; moraine, 900, 963'S
Kettle moraine, 967
-, foreign, 975, tILlS; Asia, 977;
Australia, 978; Europe, 975,
976'; Now Zealand, South Amer
ica, 978
-climate, cause of, 1)78; supposed
In the Triassic, 745
-, map of N. America in, after page
944
- conditions, In the Permian, 698,
187
Glaciers, 195, 200, 283; 110w, 242;
of Zermatt, 281'S cascades con
nected with, 288; lakes, 288, 240,
251
Glanzschiefer, 84
Glass, 63, 77, 86, 264, 265; rela
tions of glassy rocks to stony,
276, 289
Glass sponge, 57', 72
Glauber salt, 137, 294
Glauconito, 68, 1i36, 468, 822, 828,
824, 920; see also Greensand
Glauconlto group (beds), 815, 824,
855; marl, 865
Glaucophane, 89, 818; schist, 266
Glaucophanyte, 89
Gleditschla, 921
Glen Rose beds, 817, 886
Ghimmnerscltlefer, 84
Oloblgerlna, 57, 134, 144, 433*, 855,
985, 086; rubrn, 482'
(Iloblgerina ooze, 144, 280, 483, 817
Globostatiate sploiile, 482*
Globuliferolis rocks, 88
Glossites, 621
Giossoceras, 5,51 ; desideratum, 578
Glossoptorls, 698, 699, 704; Brown
lana, 6118
Glossopterls Coal-measures, 698
(Ilycimeris retlexa, 917
(llvphwa, 7110
Glyptaster occldentalls, 551
Glyptlcian, 700
Glypttcus hleroglyphicus, 790
Glyptocardla speclosa, 612*, 620
Glyptocrinus, 520; decadactylus,
511*, 514, 516
Olyptodon, 1000, 1001, 1002; cIa
vlpos, 1003*
Glyptolopls, 411, 625, 626; Quo
beconsls, 618*
Glyptops ornatus, 76t1', 761
Glyptostrohus Europious, 921;
OronIail*liCtlS, 883
Gnathodon tciiiildes, 837
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Gneiss, S8, 122, 4-17
(inissic tlullrtzyte, 82
Oneissold granite, 88, 227, 871
Griatacea', 485
(Inetum, 485
Gobi, Desert of, 32, 83, 51
Görnor Glacier, '287', 248
Girnerliorxi, 248
Gold-hearing veins, 388; washings.
ITil, 17,5
Gold Range, 789
Goiuplioceras, 539, 561, 568, 58*3,
591, 599, 621; angustum, 551;
eos, 516; oviformo, 602; Itarvu
luiii, 561*; Wahashense, 551
Gomphonerna capitatum, 699; gm-adIe, 1(13, 164'
Goinpliotlteriunm, 918
Gondw4na Land, 787, 873-S74, 937
of existence)
-(period
(Lower) series, 61)8, 770
- (Upper) series, 769
Goniatite limestone, 576, 598, 637,
642, 641
Gonlatites, 570, 575, 586' (first
American), 593, 599, 100, 869
Goniatltes, 568, 599, 618, 614. 625.
626, 642, (175, 686 ; bicostatus,
620 ; complauntus, 612, 620 ; dts
coldeus, 586, 1102, 620; intumes
cans, 614', 620, 621, 627; Lyonl,
648* ; Marcellonsls, 602 ; Lnithrax,
586', 591 ; Oweni, 648* ; Pater
seal, 614', 0211; prlmordlalls, 626;
rotrorsus, 626', 627; sinuosus,
620; Vanuxeml, 599'
Goniobasls, 828, 829, 856; convexa,
856
Gonioceras anceps, 514
Gonlomya, 760
Gonlophora, 621; Chemungonsls,
*121 ; perangulata, 601
Goniopterls, 685; arguta, 608; ele
gans, 698, 705; emnrglnatn, 698,
705
Good-night beds, 885
Gordon-Bennett, Mt., height of
296
(lorgonia, 55, 429, 48lS
Gorilla, 54
(loro Island, 150
Goslute Range, 865
Gothic Mountain, 274, 275*
Gotland (Gottiland), Lower Silurian
In, 521 ; Upper Silurian, 564, 5*15,
568, 569
Graliamlte, 6(12
(3ralla', 928
Grammatophora marina, 437*, 894'
Grammoceras, 760
Graminostoinum pliyllodes, 482'
Granunysta, 1102, 621 ; blaulcata,
598', 602, 62(1; clngulata, 564*,
561, 573; comniunis, 621; 11am
lltonnsi, 1302, 1126; subarcuata,
(120, 621 ; triangulata, 578
Grampian group, 456
Granatocrinus, 646
Grand Bank of Newfoundland, 889
- Canon. See Colorado Canon
- Chain, 732
- Gulf group, 890, 891
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Grand Manan Isi., subsidence of, 850
- Portage Bay, 469
Granite, 825-88, 122, 205, 259
-and mica schist, 448*
Granltle rocks, 185 ; sediments,
744; veins, 314, 826, 829k, 331,
832*, 835, 336
Granitoid rocks, 775, 85, 86, 87
Granular limestone, 795; quartz,
825
Granulyte, 635 (kinds), 272, 816,
826,871
Graphic granulyta, 885
Graphite, 625, 79, 88, 813, 319, 485,
714, 782 ; in Archmean, 458, 454,
455,4,%
Graphitic coal, 657 ; rocks, 795, 83,
449, 495, 518, 519, 658
Graptoiltes, 4815, 4705; Cambrian,
470, 474, 477*, 481 ; Calciferous,
497, 498*; Lower Silurian, 495,
594, 595*, 510*. 515. 520, 522, 525,
527, 718; Upper Silurian, 568, 574;
Clinton, 545*; Lower ilelder
berg, 569, 118
Graptolithus Cilutonensis, 545*,
550
Graptolitic shales and slates, 518.
519, 520, 521, 568
Grasses, 485, 945; ash of, 78, 75
Grasshoppers, 419
Grauliegende, 697
Gravel, 755, 765; auriferous, 844,
810, 883, 887, 934
Gravitation theory of mountain
making, 881-888, 887
Gray band, 91, 542
- wucke, 805, 408
Great Basin. 25, 119, 182, 195, 199,
444, 685, 658, 735, 739, 746, 748,
812, 818, 826, 882, 985; faults in,
865,366
- - ranges. 865. 866*, 788, 789,
811, 984, 985
- - in the Quaternary, 988
- - System, 866
Great Bear Lake, 29, 200
Great Britain. See England
Great Lakes of North America, 29,
40, 199, 200, 201*, 442; In Quater
nary, 947, 948, 956
Great Northeast Bay, 575, 638
Great Oölyte. See Oolyte
Great Salt Lake, 25, 51, 120, 158,
190, 200, 202, 862, 882, 444, 826,
881, 882, 988; valley, 861
Great Slave Lake, 29
Grecian Archipelago, 296
Greece, Pikermi beds of, 927
Green earth, 685
Green M is., 24,41, 826, 467, 490, 528,
581, 586, 541, 945 (Arctic plants)
Green River basin, 882, 898
- epoch or group, 8(15, 886, 901,
918
Green sand. See Greensand
- shale of the Clinton, 542
Greenland, 19, 40, 2.8.8, 284 (snow.
line), 286, 289, 240, 249', 251, 252,
256, 272, 820, 837, 847, 376, 895
fords, 240, 241, 048; glaciers, 2441,
241', 244, 251, 941 ; mapof

INDEX.
western, 241' ; subsidence, 849,
Sbim
Greenland, Arehican in, 444; Car
bonic, 711 ; Cretaceous, 794, 819,
881, 583, 887, 888, 839, 840, 868,
812 (climate), 878 ; Tertiary, 819,
921, 989 ; Glacial, 945, 948
Greensand, 685, 1865, 191, 468, 477,
820, 821, 8225, 824, 658, 887, 888,
See also Glauconito
Greenstone, 86,449
Groisen, 82, 885
Grenville limestone, 454, 493
Grenzdolomit, 774
Grs Armomicath, 518
- bignrrt, 769
- de Fontainebleau, 205, 920
- des Vosges, 769
Gresslya donaciformis, 791
Greylock (Mt.), 104, 495, 580*
Ones Glaciar, 248
Griffith Isl., 495
Gnillithides, 648, 676, 700; Sanga
umoiionsis, 691 ; scitulus, 691
Grindeiwald Glacier, 288, 288
Grindstones, 80
Grinneil Land, 869, 606, (185, 668
Grit, 805
Grizzly Bear, 950 (migration)
Groovings. See Scratches
Ground-ice, 2W25
Ground-pines. See Lycopods
Groups, 4O6
Grus proavus, 1092
Gryllacris Hthanthraca, 704
Grvpbtta, 759, 779 (time range), 792,
834, 840, 860; arcunta, 779, 790;
bilobata, 790; Bryani, 854; cal
ceola, 760; convexa, 854; dim
tata, 779, 789*, 790, 819 (var.
Tucunicanl) ; forniculata, 836
incurva, 779*; mucronata, 817,
887 ; mutabilis, 854. ; obiiqua,
790; Pitcheri, 817, 835*, 886, 887,
841*, 854; sublobata, 790; vesi
culanis, 841*, 854, 855, 866; vfr
gula, 791
Gryphtea beds, 790; rock, 886
Gryphteostrea vomer, 854
Guadalupe Mts., 660
Guanaco, 54
Guano, 685, 725, 78, 158 (analysis),
887
Guatemala, 168
Guelph limestone, 548, 549, 551
Guiana, 81
Guinea, 83
Gulf of Bothnia, 521
-of California, 80, 51, 145,200
- of Carpentarla, 89
-of Finland, 521
-of Guinea, 295
-of Mexico, 18, 20, 44, 45, 49, 190,
191, 198, 217, 462, 488, 578, 794,
814, 827, 884, 857, 881, 934 (Ter
tiary), 940, 949
-of l'ermjinsk, 027
-Stream, 44, 48,49,55,56, 144,166,
229, 280, 256, 524 (Cambrian), 702,
798, 872
(Imitenstein, 769, 774
Ouyot Glacier, 21)8

Gymnites Incultus, 774
Gynmnoptychus, 915
Gymnosperms, 4845, 674, 718, 750;
Neo1imdeozuic. 460; Hamilton, 595,
596; Clieniumig, 610, 612; Subear
boimiferous, 689; Carboniferous,
666, 667, 672*, 073, 674, 689
Gym notocerns rotelliforine, 757
Gypidula ocoidentalis, 602
Gypsum, 69*5, 128, 138; how
formed, 1554; on coral islands,
120; tim the Sauna, 553, 554, 555*
-beds of Montmartre, 028
Gyroceras, 591, 599, 642; Burllng
tonemise, 642; Jason, 1691; trans
versuw, 602; unduiaturn, 591
Oym'odes crenatus, 854; petrosus, 854
Gyrodus, 417; umbilicus, 417*
Gyrolepis, 772; tenuistrlata, 774
Haddock bones, analysis of, 78
I-lade, 1075, 8285
lladrosaurus, 846; Foulkil, 845
Haiti, 847, 891 & 985 (Miocene), 936.
lialeakala, Mt., '270, 277, 290, 291,
846, 879 (density)
HuiemaLunau, 209*, 271, 285, 291
llalicaiyptra fimbrlata, 488*
Ilalisarcoids, 4315
1-Inlitheriuw, 927
ilalloceras, 591
Hallopus, 786
Hallstadt limestone, 774
Halobia, 756, 757, 774; dubia, 757;
Lomnmeli, 757, 758, 792; occiden
taIls, 758; Zltteli, 792
ilalobia bed, 757
lialodon senlptus, 853*
llalonia, 690; pulehella, 668', 669,
688
ilalysites, 810, 541, 547*, 551. 552,
567, 568; agglorneratus, 550;
catenulatus, 514, 515, 516, 520,522,
544, 547', 550, 551, 552, 567, 568,
569; eseharoides, 550; gracilis,
510, 511*, 515; interstinctus, 567
Hamilton period, 592
Ilamtnea grandis, 916
hiamites, 760. 867: altornatus, 865;
attenuatus, 8(12', 865; elatlor,
867; Fremonti, 886
Ranging wall, 8285
Hannibal shales, 687
llaplocenas, 760, 794
liaploconus, 917
I Iaplophlebium, 679
hard-pan, 128, 2055
larding sandstone, 405, 515
Ilarlanla 11*111, 545*, 549
Ilarpes, 515, 520, 521, 551, 568, 625;
antIquntus, 508
htarpides, 521 ; Atianticus, 578;
rugosus, 578
hlarpocoras, 794; hift'ons, 790;
M'Clintocki, 792 ; Murchisouw,
790 ; radians, 700; serpentinum,
790
linritimi Matthewi, 475*
hlarz Mis., 87, 508, 567, 569, 626,
697, 784
Hastings sands (and clays), 858,
859, 8(14, 865

INDEX.
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lint ietthee beds, 888
liatteriis. 8&c Cape
lint turin, 54, 0s7, 706, 798
liafiytilt&', "
I mu ptulolotutt, 774
II ant cr1 VInn, Stu9, N15
lm-ail, 213, 2S2, 269*; map of,
261,, 261, 270
VpI(1ItdC action On, 268*, 269',
372, 87tt
Ii a vniInit Islands,
a3fl* (map), 51,
145, 150, I W, 324, 850, 892
llavkesbtury andstono, 698, 770
II aw t hunt beds, S91
I htvUtuk Mt., 17
II cauhi a bud (erIos), 920
Ward Island, 241, 242
heat, 253; earth's Interior, 257
from ehetit kal and Ph)' steal
etta uiges 111141 mechanical action,
25
trout crushing, 822,
;
front interior sources, effects of,
264), 8S1 ; In nulnes, 889
Heath, 945
IIea vy spar, till §
lit-brides, 218; Archtan in, 456,

IlemIeldanis, 770; Intermedia, 700;
Purbeckonshs, 71)1
hie'uuieystlte, 516
ilemtprlsths serra, 917
IltIIuiI)I'Oiuhtes punettihjferus, 562;
radiatus, 5132
11 ell) tpsaIouluj)1, 918
hiCinipteruids, Carbon tferous, 691,
702; l'nIeic, 721, 722
Ilotnlpters, 419, 520, 526, 574, 756,
900
iIein1troclu1, paradoxus, 707
Ileuihtrypn, 570
ilempstend beds, 926
Henry Nits., 801, 876
llOiuLtIcW, 484, 486
lleptotlon, 018
herbIvores, 902, 929, 980, 981
hlereulaneum, 280
Ilercynian beds, 564; fauna, Kay
ser's, 569; Question, Clarko's,
5419-570
Ilercynlan system, Bertrand's, 784
herring, 862, 879, (101
hlenvey Islands, 86, 87, 850
hlesperomys, 911)
liospurornis, 852, 864, 871; regalls,
Hecla mine, $89
850', 852
ileda Mt., 241, 286, 805
Iloteraster oblongus, 865
Hedgehog, 54, 427, 980
lIeteroborus, 925
Hehuletes, 907, 918
1[eterocers, 855
Ilelderberg Mts., 548, 558, 555, 561, Ileterocercal, 401, 402, 416
579
Heterocrinus, 516,582; Canadensis,
514, 516; geniculatus, 516
Heldcrberg, Lower, 558
-. Upper, 579
Hetorornyaries, 525
Helena Canon, 515
lleteropods, 506
Hehleina occulta, 966; orbicuhath, Iletorosehlsma, 601
prol'u nda, 066
ilettangian, 774, 790
1-lelleoceras, sO! ; Mortonl, 855; Ilexacorahla, 777, 8(10
Navarroensc, 855
Hexnetthellids, 57, 431, 482*, 497,
.198', 504, 611, 689, 646, 777', 869
Heilcoitsyrhe, 410
llchicotorna, 516 ; plannlata, 507*, hlexamerocoras dehphlcolum, 1151
514
Ilexaprotodon, 927
ITehholites, 521, 550, 552, 567; Inter highland Range, 448, 469
stIncttt. 520, 522, 550, 568
highlands of N. ,J. and of Putnam
Co., N.Y., 24, 448, 580, 581, 745
porosus. 4126, 628 ; pyrhiormis,
554, 56; spiniporus, 547*, 550
Hlghwood Mts., 870
Hehiophvlluin, 5l, 611; confluens, Hhio, 205
601 ; 12111l. 590, 597*, (401, 611, Ilils formation, 865
625 ; obeonlcium, 601
1imalayas, 26, 82, 41, 284, 865, 879,
892
Heliospliuurn, 319
- Archwan in, 456; Silurian, 521
llellscomvs, 1)18
helix, 425' ; ('upon. 966; lulva,
Jurassic, 776, 791 ; Tertiary, 847,
8415, 892, 1)20; changes of level in,
966; labyrl n thlca, 926; hlucata,
932, 988, 936, 988; Quaternary,
966; ocehiiut, 926; pulchiolla, 9116
striatellu, 966; Turonensis, 926
392, 986; glaciers in, 289, 240;
helix fatnllv, 690
upturning and elevation of, 368',
I lull Gate, 211
986
!ieltnlnths, 421
Ihlnuintidlnrn arcus, 168, 164'
1lelodit, 644. 702
Monodon, 168, 164'
lIe1olivu, 1)18
hlindeastra'a discohlen, 840'
hidvetlan group, 026
hlhndtn, 5412, 584, 590
Ilindostan, 22
llomapedlna, 779
Hematite, 70, 71, 83, 128, 126, 127, hhinulu-Kush, 82, 41
'149. 450, 453. 589, 665
hlippanion, 919, 927
hletnertu, "l07
1-lippanlonyx, 578; proximus, 579
lI&'inerlsthn occidentaIts, 691
I-Ilppldlum, 911), 1002
Ilemlaspis hititulohles, 565' ; spe Hippopodlurn ponderosurn, 790
raIn, SOT
Hippopotamus, 54, 94)6, 925, 927,
l-lt'minstor, 884, 840 ; parastatus,
928, 980; major, 927, 1004, 1006;
8t)4, Reguluisnitus, 866; Texanus.
Peittlandi, 1006
855; Verneuill, 866
Illppotberlnin, 027; ingennmun, 1001
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Hippurite limestone, 886, 859, 800
hllpputrites, 8611, 877 (end); brovis,
866; Corbarlcuus, 866; dilauttug,
861*, 8641; Iloukltus, 8116; gigan
teutt, 8436; organlsans, 867; Petro
corriensls, 80(1; socialls, 866; Toti
cast, 8416; Toucasianus, 861*
bang 110, 80, 195, 11)6', 198
hod 10, 198
i-l0g, 906, 910, 911, 980; famIly, 909,
924, 1)28, 980
boinspls, 625
hlolaster, 840, 860; lewIs, 866;
nodulosuit, 865; planus, 860; sim
plex. 887; subghobosus, 866; sub
orbicularls, 866
Holectypus planatus, 887
Ilolometopus Angellni, 578; JIm
batus, 578
hlolonema, 617; rugosum, 616', 618,
4121
Holopea, 4914', 514. 521, 562; an
tiqun, 55S; dilucuha, 499'; elon
gata, 558; subeonica, 558; Sweetl,
478'; turgfrla, 501
iolopella, 520; conlca, 567; gre
garia, 567; obsoleta, 567
Holops pneumaticus, 848
Holoptvchius, 417. 510, 618*, 619,
625', 026, 702; Amenlcanus, 621
fllosus, 621 ; giganteus, (121 ; hior
ridus, 621 ; nobillssimus, 627;
rugosus, 621
Holothurians, 428
Holothurlolds, 427
Holy Cross Mt., 250
Holy Island, 156
Holyoke Mt.. 802, 808
ilomacanthus gradlls, 591
hlomnacodon, 918; priscus, 906
llotnalonotus, 422, 520, 521, 546,
562. 570, 578, 570, 586, 591, 599,
62(3; 1)awsoni, 562; doiphhno
cepluilus, 549*, 550, 551, 567, 569;
KnIghtil, 5417, 578; major, 578;
Vanuxernl, 570
hloniewood sandstone, 656
Homo diluvht testis, 921
Hornoeeu'cal labia of fishes, 417
Honiocrinus, 562
Hornothxial, 898
Ho-Nan, 198
Honduras, 20, 747, 750
Honesdalo sandstone, 606
Hood Mt., height of, 296; glaciers
of, 240, 945
Hoogly, mouth ofthe Ganges, 212
Iloplites aut-itus, 8415; T)oluci, 665;
I)eshayesi, 837, 854, 864; DesorI,
807; dispar, 8417; interruptus, 865;
latitus, 8115; NorIcus, 865; radla
tutu, 865; splendens, 865
Hoplohlchas, 591
hlophophoneus. 918
Hoplophuorus, 14108
Ilorlzonality of strata, 98
Horn-ihvor, 840
Hornblende, 66, 67*
- nndesvte, SI1, 892; granite, 82,
88, 85; plcryto, 88
-, pyroxene, and chrysolite rocks,
82,88-89
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Ilorublende schist, S5
liOrfIblOIldyte, SS, 825, 582
JIornstoie, 52, 540, 5TD, 554). 584,
., 559 ; in Cornheron s, with
Protophytes, 582, 5S3
101.6e, 54, 55, 907, 905, 911, 912,
914*, 927
-type, evolution of, 912, 913*, 929,
981
horse In a vein, $80
Horse-shoe crab, 420
Horse-tall. See E1uiseta
llorsetown beds, 815, 518, 820, 881,
S87
Horton series, 089
hiosselkus limestone, 757
Hot springs, 121, 185, 187, 152, 265,
277, 805, 800, 818, 820, 828, 848;
analyses of waters, 121 ; life of,
60, 152, 808, 454; superficial vein
making at, 384
Housatotile River, 227*, 825
House Range, Utah, 494
Hualalal ML, 268*, 269
Fluamampampa sandstone, 628
Hudson Bay, 29, 40, 442, 541, 552,
888, 947, 948, 949
Hudson - Champlain trough, 537,
572
Hudson epoch, 510
- River, 212, 216, 528, 529, 580,
587, 540, 541, 558, 579, 628, 734,
743, 744, 745; submarine chan
nel, 18*, 745, 049; valley, 857,
552, 558, 559, 579, 605, 982
If uerfano group, 893
Human bones, analysts of, 78
Humboldt Glacier, 241; Ranges,
865. 733, 811, 812, 945; region,
746, 757, 760
Humite, 67
Humming birds, 54, 55
Humus acids, 119, 122, 124, 125,
128, 129, 139
Hunan, 696
Hungary, Archiean In, 455; Upper
Silurian, 578; Tertiary, 938
Hung-tse Lake, 198
Huron, Lake, 200, 201, 445, 449,
452, 403, 538, 540, 542, 552, 553,
572,.%2. 685, 947
Huron Cupriferous Formation,
445
-River, 947
-shale, 006
Hurorila, 549 ; Blgsbyl, 551; verto
bralis, 551
Huronian, 407, 445, 440, 447, 448,
449, 450, 451, 453, 454, 458, 466,
468,488
Hurricane fault, 8418*, 747
Ilyiena, 927 ; erocuta, 1004; spehen,
1004, 1096, 1009
hiyunarctos, 927
Hyanocyon. 918
Hywnodictts, 925
Hywnodon, 918, 926; dasyuroldes,
924; leptorhync bus, 920
h!yalina arborea, 966
Ilyaloniiete, 58
hlyattella congesta, 546*, 550
Ilybocrlnus, 514

INDEX.
ilybodonts, 415, 416*, 648, 644*,
647, 77'2
llvhodus, 772 (first), 783 ; minor,
416*, 772 ; plicathlls, 416*, 772, 774
I Lvii liocerus, 646
Ii ydra, 429*, 430
lIyili'iition, 128
Hydraulic cement, 79, 80, 555;
limestone, 79, 555, 592
Hydrocarbon, 62, 74, 124
Hydrocephalus, 482
Hydrochloric acid, 68, 278 ; from
volcanoes, '278, '294
Hydrogen, 61, 412 ; from volcanoes,
278, 287, 993, 294
- sulphide, 119, 124, 125, 523, 554
Hvdrotds, 140, 419, 480, 547*, 500
ilydronilea, 65w, s3, 315 ; granite,
82 ; quartzytc, 82 ; schist, SO, S2,
lly(lrotalcite, 458
Ilydrozoans, 140, 418, 419, 429*,
48O*, 481
hyena, 54
llvlieosaurus Owent, 86$
Ilylerpeton, 652
Ilylonomus, 682, 7041
Itymenocarids, Upper Cambrian,
488
Hymenocaris vermicauda, 481*
llymnenophyllites, 645, 6S9; (hers
dorm, 622; liiidrethi, 670*, 659
obtusllobus, 622; spinosus, 689
Iiymenopters, 410, 679, 783, 794,
900 (number of Florissant)
Hyodeetes, 925
Hvollthellus, 471, 472; micans, 472*
11volithes, 447, 471, 478, 4.81, 482,
514, 562, 599, 621; Acadicus, 475*;
Amerlcanus, 471,472*; Danianus,
475*; gregarIus, 478k; Impar,
472*; levigatus, 462; llgea, 590;
prlnceps, 472*
Ilyomeryx, 918
}Iyopotamnus, 918; bovinus, 926
1-Ivopsotius, 918
llypero&lapedoii, 772
1Iypersthene, 67, 86, 87, 88
lIyportraguiut4, 918
hlyperyto, 8T
lIvpisI)(Ius, 918
ilviiiium, 154
Hviogelc work, h18, 845496
Ilypogene rocks, 3l1
Ilyposaurus liogorsh, 848; WobbIl,
848
Ilvptistomno, 421
liypshlophoiton F'oxl, 86$
Ilyrnehus, 907
If vrnehyus, 918, 928
ilyracodomi, 910, 918; Nebrasconsls,
9144*
h1vraetijs, 917
hlyracotherluui. 918, 918, 028, 925
hlyrax, 54, 55
hlvstrieops, 919
hlystrix, 927
Ibis, 928
Ice (see also Glaciers ; Water,
freezing). 2.31, 232; glacier, '248,
846 ; plasticity, 248,12U, 245

Ice, effects on lakes, rivers, and seacoasts, '232 ; fractures how LOLslot,, 371, 79*
Iceberg theory of time drift, 1)42
Icebergs, 241, '251-252 ; transporta
tion by, 217, 980, 259; transported
by the Labrador current, '229, '289
Iceland, 19, 48, 256, 286, 297 ; gey
sers, 89, 805, 307; Sequoia of, 989;
volcanoes of, 297
lclithyoerhn us lievis, 547*, 550
Iclithyodectes, 862
ichthyoptervgians, 760
Iehthyornis dhspar, 851* ; victor,
551*, 559
leht.liyosurcollthus nnguis, 836
crassillbra, 536; planatus, 886
lebtimyosaurs, 71)9, 797 ; Jurassic,
760, 761, 790 ; number of British,
784; Triassic, 774
Ichthyosaurus, 749, 773, 790; coin
umunis, 784*; Nordenekiöldi, 792;
l)olaris, 799
Ida shales, 028
Ictops, 1)18
Idaho, 28 (height) ; Cambrian In,
477; Catcihn'ous, 501; Subcarbon
Iferous, 689, 4147 ; Triassic, 746,
747, 757 ; Jurassic, 747, 760; Ter
tiary, 908
Ldocm'ase, 66, 313
Idonearca vulgarls, 854
igaliko, Firth of, 854)
Igneous action and its results, 265;
exterior agencies, 265; volcanoes,
2(17; non-volcanic eruptions, 297;
thermal waters, geysers, 905
- ejections and intrusions, SD, 258,
864, 382, 858, 658, 811 ; great
in the later part of geological
tIme, 392, 441; surficlal, '299,
300* ; veins made by, 888-343
- fusion, source of, 804
- phenomena due to exterior
agencies, '265, 266
- rocks, 67, 76, 80, 272-274
- - and metamorphic, relations of,
826-827
Iguana, 868
Iguanavus teres, 84(4
Iguanodon, 786, 528, 845, 856, 668,
565; Hernlssnrtensis, 868*; Man
Will, 868*
hex, 854 ; cassine, 74, 75
1 ifraeombe group, 625
Llhienus, 500, 5412, 5418, 520, 521, 546,
55!, 568 ; Areturus, 5443 ; Bnv
IieliIi, 503 ; Bowmnani, 52)); eras
SIriUl(lfl, 515 ; l)avisl, 510*
globosus, 5413 loxus, 549, 551;
Taurus, 515 ; Thomsoni, 567
Iliawarra, 2411*
Ililelum, 5941
Illinois, mean height of, 23 ; up
lifts in, 732; load mines, 842, 5'2'2
Illinois liver, 948
ilimiemi i'mtts., 85
I 11111'flltO, 7t), S7
Ilynimnssa ubsoleta, 004
ilyotios, 4191
India, 09, 34, tOO, '299, 8-141, 44)0;
united with S. Africa, 871, 878, 803

INDEX.
I nilla. . i'1ii,,n Ill. 456 ; ('anil,rlan,
4,N1 ; V ppi'r 4iIurI:lIi, fl4 ', Car.
1,o ill oil ,, 181, IP8 ; I'i'iiitaii
770 ; 'Fi'lastc,
i, (l', '87, 769, 710, 778. 791;
716, 791, 'T$ ; Crc
.1 tirn'°'k',
ta,'t',iII$, 299, .){, 857, S66, 8)17,
6 ; Iei I i:iry, 21)8, 4,120,
1)28, 925, 927, 1)80, 9k
I mIlan (Iceuti, IT, 19, 28, 81, 88, 48,
4-I, 5i. 2110, .197, (182, 9:17, 1)81) ; toll
iriapli Ic 'llltit's fit, 787
1 idiun I'ciultitry
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lidimia, 93 llalgtut , 2o7, $5 ; mi-la1 :i and oil Iii, 10)1, 522, 52;;,
it'lil, 523
I midiatiOto. ),Th"
Iit1ivIdm'aIItl,' III nature, 11
1 nIt'doit, 1)17
1tnlim Ua-.iti. alluvial colles of, 1115*
- I ia. ca1' 1 itakes of 1819 and
h15, 8-Ill
" , vilt- n) pi, 8438
I Ilti- l.is. 1Ii lu iriaI cactii, Si §, 805; Tertiary,
'lli. "r5
Ink "l,:I nt Iletemmijilte, S2'
I t'aults arbttscmila, 516
I Imnetratiius, 759, 7)10, 8.34, S87, 840,
(;o, "61. s7 end) ; 1,16r,rmIs, 855
C IlCell tricH 5, s6,': coilfert tin-an
I imimi ii., sS-1 ; Crisiil, s5, 867
Crirnpii var. lkrabin I, 85-I ;
l(irItl.
(ligitmitlis. 866; (IIinidii7., 4)* ; exgvroldos, 855;
tacThs, "55 ; laliiatiis, 840, 841*,
84;);; labs, 854, S)1T
Iimvt bibs.
; IrlmIemnatielIs,
I = I. laIlatii-1, 4 I * ; proxiiiius.
-'54 trlatu-., 56)1 ; sulilwvis, 455;
subiiml:oI rat its, 555; smilistrlntus,
5)15 ; tell Iticostatus,
temuitlllicattis, S55 ; itimuimna
Ills. 555
I nu1 aIi'lu lit CS, 54
I nirgituli dlstingtislueml from
or-garlic,
9, -ii:;
I Ii-it Ivores, 5.1, 7)14, 802, 9011. 91)6,
1)7, 811, 918, 1)25, 927, 1)25, 921'. 03u
Insects, 5-I, 72, 141, 154. 155, 16.9,
1s9, 415, 411.N-, 52)4 (141-Ivallomi,
728 72-I ; rItiotis Ii t her arileti
limIt's, 794 ; tracks, 95, 7-12 ; Lower
Silurian, 49);. 521, 525; I'PIICI SI
lunar. 574, 721 (81611 ; Devonian,
5-75, )1))4)*, 61)1: 5tu l,carbonlferous
(1141110), 6.Vt ; CimimoiIt'rnuu s, 057,
674, l;77, 679*, 6111. 689. 701*, 74;
l'iiiiliitt,
: 1'ihiiziil, iI. 791.
797 ; 114)51. I'll4'ilZiiI(1, 73)1; 'I'rlassle,
749, 759*, 751, 756, 757, 771, 704;
Jurassic, 775, 776, 7
791, 70-I
'It-rt In', 202, 557,
(9* 9111,
921. 1122, 923 ; Glacial, 946
I lit ogrl itlint, 4954
I Iitt-miur C,mti1111(11 till region, 34, 191)
-,or N. Alter., 345, :357. 550, 551,
5140, 592, 5118-5114, 606, 714, 715,
716, 856, 944 ; of Europe, 588, 573,
627, 098, 7)19, 775, 8)37

Interior plains, 24
I IlteStlIuill woi'tius, 428
Invertebrates, 404, 414, 418; rota.
(iou of, to Vertebrates, 418;
reign of, 469
I ,ucrl titis, till; ; crassu s, 514
Iodine, 881, 885
LolItle granite, 53
l01113 formation, 892
Iowa, height of, 23 ; uplifts in, 7132
1(5141 lollies, 842, 522
I uwa-'I'elo(s Coal-measure region,
(148
IIlIIIdtPt( bella, 471*
Ireland, 203; disturbances,
n534
eruptions, 25s, 518; peat-beds,
154
-, A i'cli inn In, 45)1 ; Cambrian, 480,
481,482,584; Lower Slimirlam,, 518,
584 ; U pIler Slimirlan, 563, 574
Devonian, (122, 626 ; Snbearlmon if
t'i'oiu s, 69-I, 61(5 ; Carboniferous,
(31)8, 704; Permian, 6117; Crota
ecous, 856; Tertiary, 98$
Irish Deer, 927
Iron, density (if, 15 ; oxidation of,
128; carbonate, 51, 125; oxides,
62, 124 ; sulphate, TO; sulphides,
70, 80, 123
-age. 445
-ore and ore beds), (39, 70, 92, 127,
315, 8241, 827, 844, 391 ; Arclrn'an,
376, 445, 44)1, 449*, 450, 451, 458,
454, 455, 456, 45S; Cambrian, 44(1;
Lower Stlurlauu, 524; Clinton, 539,
542, 5-43, 572, 728; Carboniferous,
659, (15-I, (352, 65(3, 663, 664-665,
708; Jurassic, 792
- sandstone', 542
Iron dts,, 44-I, 441)
Ironstone, 344, 658
lrrawa(klv, ratio of sediment to
water, 190
1sastraa, 777, 778 (rumber of Brit
ish) ; (Iiscoklea, S5-4 ; expiminata,
790 ; lurc1ilsonl, 790 ; oblonga.
777*
!sehiailites, 56-1; burslforuils, 51'))
Ischvroutys, 918
Iseluyrosaui'fls, S56; antiquus, 0,211.
SM
I eetoio;iitis, 018
Isis nobills, -12q
Island Range of British Columbia,
731), 747, 8119
Islanils, clitOris of, 20, 874 ; curves
in. 85*, 11)3*, 37*, ;39*
-as parts of continents, 22 ; of
British Columbia, 390
Isle of Wight, See Wight
Isle 15-vale. 4,3
lsoc:mr'd lit Commrmi1I. S54: ft-at erna,
917 ; nitidlalis, 58)1 ; Washltmi, 8.97
I soervmu il hart. -I0, 47*
IsoimidS, 42(1*, 42l, 422, 488, 4.1311,
4,1,7, 512, 623, 624, 720, 723, 783
Isit'bsiiiIe curves, 375
Isostasy, 877, 878, 371), :is2, 875
1otelit ennalis, 50$ ; platycephahis, 51)$*
Isothermal chart, 46, 47*
Itabyryte, 8$
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Itaeobums'te, 52
Italy, 2913 (volcanoes) ; Subcarbonlfero us in, 693 ; Carboniferous,
4193; Triassic, 7)15 : 'JurassIc, 793;
Oölytc, 81(8 ; Cretaceous. 557.
859 ; Tertiary, 921, 926, 927, 1)35
(ertijitbotus)
I (linen group, 641$, 644, (305, 614, 624),
629
Itliygi-nmnio1on, 918
lullds, 411)
lubus, 6741
Ixtriceltuatl, Mt., height of, 937
Jackson coal, 657
- epoch, 884, 558, 907, 916
,Jmukobshavn Glacier, 24-4
.IttIrnlca, 214, 163, :347, 891, 935,
1)36
James River, 81)1
-fail Mayen, 19, '297
.Jmmnassa blturulnosn, TOT
Jititlrn ocebdentalis, 6.36; WrightIl,
8.17
Japan, 19, 22, 82, 40, 1513, 277, 280,
29(4, 298, 21)6, '297 ; earthquakes of,
.973, 874; Carboniferous, 69)1, 7(l(i;
Tertiary, 920
Japan Sea, 927
Jasper, S2, 84, 809, 450, 45-3, 454
Java, 38, 40, 277, 21)7 (volcanoes),
1)20
Jeanpaullia M ünsterlana, 7511; ra
liata. 756
Jell I)avls Peak, 94.5
Jefferson Mt., 244) (glacIer), 296
Jelly-fish, 48O
Jet. T75
loaquln River, 80
Jock coal-bed, 656
,J ciggins Coal-measures, 654* (sec.
tlon), 1358, 652, (190
John Day beds, 584. 856, 81)4, 911,
1418, 92)1
John i)mi' River, 886, 594
.9 tilunstown ('enlent-bed, 652
Joints, Ill , 112*, 871-872, 593
,Jkiils Fiord, reconstructed glacier,
242
,Iollet im 111141 rug-stone, 541
.JoIIe'vtown coal-lied, 651
,IOl)11fl lead mines, 522
Jordan valley, 23
,Joruhlo (Mt.), 27
Judith River beds, 825, 829, 847,
850, 556
Juglmtiis, 921 ; dentlcnlata, 889
rhanmnnldes, 889 ; rugosa, 889
.Jukes Butte, 301*
"Juncus, 75
"Jungfran, 2,311, 237
Jupiter, density of, 16; oblique lines
(111, 895
Jupiter 4crmtlls, 3-4-9
Jut-a limestone, 78S
,Jurn Mts., 207, 882; Triassic in,
765; Jurassic, 73, 774, 793; Cretimcc-ous, 859; Tertiary mountainmaking, 867, 8(38* (section), 919,
982
Jura-Trlas, 788, 749, 770, 831; of
Elk Mts., 864k
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Jurassic period, 738, 739, 758, 774,
857, 873; foreign, 774
Justedal Glacier, 251
Juvavltes, 757

INDEX.

Killma-Njaro, Mt., 28; height of,
206
Kiliinite, 321
Kimberley shale, 770
Khiitneridge clay, 411, 775
Kaibab fault and fold, 862, 868*
Kiimnerldglan group, 775, 776, 770,
180, 790
Kainozoic. Sec Cenozoic
Kthderhook group, 684, 637, 688,
Kalium, 61
646, 647, 709
Kamchatka, 40; volcanoes of, 296
Kames, 970
King William's Island, 495, 524, 544,
552
Kanipecaris Forfareusis, 625
Kanab Canon, 581
Kingdoms of nature, 0
Knnawha Salines, 689
Kingfisher, 54, 852
Klngsmill Islands. See Gilbert
Kangaroo, 415
Islands
Kansas, 28 (height), $42 (lead
mines) ; Paleozoic in, 842 ; Car Kionoceras laqueatum, 500*; strix,
boniferous, 130, 665, 674, 678, 690,
551
691 ; Permian, 660; Cretaceous, Kittanning coal-beds, 652, 608, 664,
688
813, 817, 819, 826, 829, 843, 848,
849, 850, 851, 852, 864, 872, 873; - Mts., 588, 539; valley, 857
Kiuslu Island, 277
Tertiary, 885
Kaolin (kaolinlte), 6S, S1, 134, 295 Klaniath Mts., 1159, 747, 809
Karharbmui Coal-measures, 698
Knobstone group, 687, 638
Karoo beds, 698, 699, 781, 770, 778
Knorria. 010, 639, 645, 089, 698, 699;
Kashmir, 82, 770
acicularls, 626, 699, 704; iinbri
Kaskaskin group, 684, 687, 646
cain, 645, 689, 699, 704
Kauai, 86, 288, 290
Knox dolomyte, 4118, 493 ; sand
Kea, ML, 27, 179, 268', 269, 270,
stone, 468
276, 290, 291; density of, 879
Knoxville beds, 760, 815, 818, 820,
831, 837
Keeling atoll, 20
Keewatin, 466
Kössen beds, 169, 774
Kohala Range, Hawaii, 269
Kellaway beds, 777
Keilaways rock, 775, 790
KohIenkeuper, 769
Kelp. 155
Koipato group, 747
Kenia, or Kenya, Mt., 83, 977
Koko Head, Oahu, 271'
Komé group (beds), 819, 888,
Kennedy Channel, 495, 559
Kenodiscus Schmhlti, 773
888
Kent Belt of limestone, 529', 580
Kong Mts., 33
Kent-Cornwall ridge, Conn., 449, Kootanie beds (group), 815, 818,
531
819, 820, 833, 884, 868, 872
Kentucky, 28 (height), 887; cav -Pass, 818
erns, 180 (length), 187, 207 ; min Kotzebue Sound, 240, 640, 1003
eral oil, 609; Cincinnati beds, Krakatoa volcano, 163, 291
564, 692; Cincinnati uplift of, Kuen-Lun Mts., 26, 82
Kuhn Islands, 776
881, 400, 582
Kentucky River, 503
Kupfersehicfer, 697, 707
Keokuk group, 634, C,37; limestone, Kurilo Islands, 19, 296 (volcanoes),
97, 188, 842, 638, 644, 6411, 647
297
Kerguelen Land, 296 (volcanoes)
Kutorgina, 480, 481, 486; cingulitta,
Kermadec Islands, 87
471', 480, 578; Labradorlca var.
Swajitonensls, 480
Kersantyte, S6
Kettle holes, 970, 092, 908*
Kyanite. See Cyanite
Keuper, Keiiporlan, 411, 788, 769,
771, 172, 773, 774
Labradioryte, 86, 825
-, Lower, 755, 771
Lahrndophyrle, 7T
Labrador, 350, 442. 944 (precIpita
Keupermergel, 769, 774
tion), 948 (flords) ; Cambrian in,
Keweenaw, Keweenawan, Keweenawian. Keweenlan, 447, 404
467
-copper region, 841, 842, 466, 468, -current, 45. 48, 55, 166, 229, 280,
488
798, 878
- group, 445, 447, 465, 468, 460, 488, Lahrwlorian, 446
484
Labradorite, 64, 65, 77, 85, 86, 87,
- Point, 465
89, 278, 295, 211, 818, 819, 320, 323,
824, 825, 442
Key West, 168
Labrosaurus, 766
Kh[ngan Mts., 82
Kiama, 281 ; basaltic columns, 261*, Labyrinthine structure of tooth,
262*; dike with outflow, 262'
417', 725
Kiamitla clays, 817
Labyrlnthoduiits, 4179, 796; Coal
measure, 772; Permian, S69; Tn
Kicking Horse Pass, 26. 409, 495
Kliauea, 178, 268', 2119', 270, 271,
asslc, 772', S69; Cretaceous, 870
272, 276, 277-283 (pa8sim), 284', Laccadivo Islands. 145
285', 286', 288, 291, 298, 295, 803 Laccoilto, 301

Laccoliths, 296, 801', 302, 808, 345,
883, 469, 04, 806, 807, 876
Lacerta, 787
Lacertians, 787, 848
Lacusti-ine areas, Tertiary, 202, 865,
882
-beds (deposits), 76, 191, 202;
Quaternary, 085, 986, 988
- limestone of Beauce, 926
Ladrones, 19, 20, 87 ; volcanoes of,
2911
Lalcips aquliunguis, 847; lncrassa
tus, 847
Lievlbuccinuiu llneatum, 915
Lafayette beds (group), 888, 890,
892
- formatIon, 964
Lagoniys spehetus, 1006
Lagrange group, 885, 891, 896
Lahontan region, 119,138
Lake Agassiz, 985
- Bonneville, 988
-Champlain, 982
- Lahontan, 988
- of the Woods, 200, 446
- Warren, 987
Lakes, Great, elevated shore lines
of, 9811. See Great Lakes
Lakes, 166, 198, 201'
Lambdotheriuzn, 918
Laniellibranchs, 424, 4259
LainI narians, 50
Laminated rocks, 804, 309;
92
struc-ture,
Lamna, 14-1, 863; compressa, 855;
elegans, 416", 901', 925, 926;
Texana. 843', 855
Lampreys, 41S
Land, arrangement of, 16, 21; be
low sea level, 22,123; In one hem
isphere, 16'; mean height of, 28;
ratio of, to water, 10
Land-shells, 54
Landenian group, 925
Land's End, 217
Landslides, 208, 232
Langhian group, 926
Lanthanum, 449
Laodon vonustus, 767'
Laopitheeus, 919,
Laoptoryx, 7118; priseus, 768
Laosaurus eonsors, 1115
Lapilll, 267
Lapland, 2,134 (snow-line); Archian
in, 456; Cambrian, 484
La Plata (Rio de la Plata), 24. 80,
ill, 191 (ratio of sediment to
water); Cretaceous of, 8671
Larzimhlo Range, $82, 8S8, 389, 391,
488, 512, 5S1 ; Mountain System,
859'-864. 875, 380, 8'3, 398, 891.
406, 874'-876, 882, 888
Larumle beds, 824, 826, 827, 828,
846, 847, 850, 852, 856, 870, 878,
880, 898
-(Upper). 815, 821, 825, 827, 828,
829, 830, 856, 878, 875
-Alts., 74$
- Plains, 747
Laslograptus niucronatus, 5)*
Lassons Peak, 87, 2011, 749, 987
1.iuitiioiitlte, 419
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INDEX.
liirerit Inn, 445
the' I hiiuiiplain period, 941
1iurtnt1dt' Nits., 445
Laiirus, 837, 840, 854, 921, 922;
socialIs, 839
Lauternar Glacier, 287, '248
Lauzon group, 496
Lava, 76, 85, 267, 972, 275
- conduit, 977; Cones, conditions
tloter,utniiig their forms, '274-27(1;
staltictites and stalagmites, '294*,
2115, 324
-streams, 2ST-291, '293, 204,
'295
Layers, T6, 91, 92 (structure)
Lead mines, Illinois and Wisconsin,
849, 522; MissourI, 842,522; New
York, 542; Rocky Mtn. region,
8741
LeadvllIe' mines, 340, 841*, 843
region, 304, 349, 876
Lenin tricnriiiata, 691
1 emitoerl iius, 550
Leclaire limestone, 548
Leila, (102, 621, 917 ; amygdaloides,
925; aretica, 984 ; mater, 916
nilnu tn, 983, 9S4; muitilinoata,
916; ovum. 790; pernula, 983,
954 ; truncuta, 984
Leech, 493
Leiiwhlaris hemigranosa, 987
Leiopteriu, 621 ; lii is, 602
Leiorhynchus lirnit.are, 602, 612
uieszwostnie, (112, 620, 621 ; quad
ricostatum, (1)9*, 620; sinuaturn,
1121
Leitha limestone, 926
Lemberg chalk, 866
Leinurmvus, 918
Lcniiiroids, 917
Lemurs, 54
Lena River, 30
Len th'iilnr mass, 99*
Lepadocrinus, 5112 ; Gcbhardl, 562
Lepas family, 604)
Leperditla, 481, 509, 516, 517, 562,
5111 ; alta, 556*, 557; amygdalina,
503 ; Anna, 499* ; Argenta, 476,
477 ; armata, 515 ; Baltica, 552,
5119 ; Camnhrensis, 481 ; Canaden
sis, 51)2*, so:i, 515 ; derniatoides,
47.1* ; fabuiltes, 508*, 515; Key
serlingi, 56'; nana, 502*
Lopldoilt'ndrlds, 1164, 684, 698, 712,
718, 150
Lepitloilendron, 610, 1111, 1127, 628,
6-10, 645, 654, 1158, 667*, 668*, 689,
(IllS, 609, 704 ; aciik'aturn, 645, 646,
6(18, 4;$, (;9 ; nciininatum. 646;
Cheinu ngense, 6111)1', 611); clype'it
turn, 4165*, 6S8, (189 ; corrugatuin,
1111, (1-9); costatumit, 645 ; dicho
toniuni. 6-15, 688, 1189 ; diilostegl
ohiles, (145 ; forulatuin, (145
(laspianurn, 598*, 595, 611, 4122;
lanceolatum, 6(19* ; niod tutu rn,
688, 689 ; obovatuurn, 645, 4189;
obsciuruin, (145; prlnuuevum, 595*,
601, 610 ; i-Irnosurn, 689 ; squalulO
suni, 699 ; Mternbergll, 668, 688,
689 ; tetrngonum, (145 ; turbina
turn, 645 ; Volthelmanum, 626,

045, 068*, 688, 689, (199, 704
vestituiri, 650 ; Worthonl, 645
Lephlomelanu, 115w
Lopidophlofos, 689, 690; lariclnus,
689
Lephlophylium, 669, 690
Lopidoptors, 419, 679, 900
Lepldosiren, 54, 4)7, 418
Lopidosteus, 59, 78, 417*, 901, 926;
ossous, 4)7*
Lopidostrobus, 645, 669; hastatus,
669*
Lepidotu, 788
Lopidoxyio, 67$
Lepisina, 419, 702
Loptiena, 508, 520, 521, 562, 568,
579; laticostui, 626; Murchisonl,
620; rhumboldalls, 54)7*, 514, 520,
548*, 551, 562, 5417, 568, 572, 590;
seneca, 508, 507*, 514, 520, 521,
522, 524, 550; transyorsails, 503,
568; Vornouill, 568
Loptauchenia, 918
Lptictis, 918
Loptocardians, 414, 418
Leptocheurus, 918
Leptoeladus, 789
Lop tocolIa, 579, 627; flabollltes, 579
Leptodesina, (120, 621 ; lichas, 613*;
sploigerum, 1121
LoptolopIs, 609
Leptornoryx, 918
Loptomitus ZIttelli, 470*
Leptoph1uurn, 590; rhombicum,
622
Lcptophractus obsolotus, 682
Loptosolen biplicata, 854
Leptostrophia, 579; Boekl, 579;
perplanut, 579
Leptotraguulus, 907, 018
Loptynyte, 83
Lepus, 018
Losleyn, 639
Lessonia, 155
Lestosatirus, 848; sirnus, 849*
Lotte Island, 296
Lettenkohle, 755, 769, 774
Leuclte, 65, 77, 81, 85, 86, 89, 278,
274; rocks, 81, 85
Leucitophyre, 85
Leuucitophyric, 71
Leucityte, S6
Loucotephryte, 85
Leucozonin biphlcata, 915
Levant series, 728
Level, changes of, now in progress,
848, 349, 851)
Level of no strain. See Zero strain
Levis formation, 490, 496, 497,
527*
Lewis Island, 4541
Lewisian Gneiss, 440 (Archaan
synonymy)
- group of rd urchison, 456
Lherzolyte, 88
Liuird River, 746, 758
Lias (Llussic), 775; In Western
America, 808, 809
-, WhIte, 774, 790
Liassian of E)'Orbigny, 775
Lihellulul, 753*; Brodiei, 788
Liberty Cap, geyser cone, 807*
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Liboco4rus, 989; decuirrens, 989
Lichas, 520, 521, 5,151, 561, 568, 586,
591 ; Anglicus, 567; I3igsbyI, 561
Boltoni, 519, 551; cucullus, 515;
grandis, 586, 587*; gryps, 597*;
hylaus, 587*. laxatus, 5117; pus
W108118, 501; Blbeiroi, 521;
Trentononsls, 508, 509, 512, 515
Llchcnocrinus, 516
Lichens, 53, 75 (ash), 120, 186 (ash),
4536, 688, 046
Life, characteristics of, 9, 418; its
chemical work, 186-187; contribu
tions to rock-making, 71-75; de
structive effects of, 157; protective effects, 155; transporting
156
ef-fects,
-, disappearance of, 403, 404; at
close of Mesozoic, 976-877; at
close of Paleozoic, 727, 728, "185
736; at close of Cretaceous, 516
-, evolution by variation, 1020
-, general laws as to progress in,
14)28; geographical distribution
of, 52-614; Injury to, from mineral
and marine waters, 122; introduction of. 397, 458
-, lowest species the best rock
makers, 142; mechanical work
and rock contributions, 117, 118,
140-158
-, oceanic, distribution of, illus
trated by the physiographic chart,
47*
-, system of, animal kingdom,
413; vegetable, 434; cephaliza
tion, 487
Ligerlan, 859, 8(16
Light affecting life, 52
Lighthouses and waves, 217, 218
Lightning, effects of, upon rocks
and sand-heaps, '265, 2(16; heat of,
258
Lignite, 816, 817, 819, 82], 825, 899,
530, 887, 690, 922
Lignitic beds, 829, 829, 885, 887
(Brandon), 889, 895, 896, 921,
9'22
Liguumen planu)atum, 854
Ligurian group, 884
Lily Encrlnite, 770
Lima, 756, 757, 759, 780, 884, 860;
eronuileostn, 854; decussata, 866;
gigantea, 779*, 790; Kimball,
887; proboscitlea, 791; punct.ath;
701 ; rotlfera, 690; rudis, '190;
Sbastaensis, 837; sti-lata, ':74;
Taylorensis, 759*
Linuueinn, 424
Limbs. Sec Merosthonlc; Podos.
thenic; Pnosthenic; Urosthenic
Limestone, (12, 78-SO; ferriferous,
decaying to limonite, 12(1*; metamorphic, 809, 8)0, 315; rate of
formation, 716; teachings of coral
reefs on, 151
-caverns, 883
Limnnadia, 486
LIrnnaa, 152; caudata, 926; desid
losa, 966; humilis, 966
Limnopin-sa tiesldlosa, 066; bu
miiis, 9(16
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Limnopus vagus, 684*
Limuoria, 158
Llinnosyops, 918
Limonite, 71§; fiom decaying fer
riferous limestone, 126*
Llmulids, Paleozoic, 076, 701*, 719
Limuloids, 419, 420, 428, 455; deri
vation, 720-721
Limulus, 59, 420, 496, 556, 565, 616,
676, 720, 721, 724; polyphemus,
420
Lthgnla, 59, 72, 73 (composition of
shell), 425*8 468, 481, 487, 498,
496, 516, 521, 550, 606, 612, 621,
719; acuminata, 500; cuneata,
538, 544*, 549 ; Huroiiensis, 503;
lainellata, 551 ; lata, 567; Lewlsil,
567; LyollI, 503; minima, 567;
nltida, 840; ovalis, 7$; quadrata,
507*, 514, 516; spatulata, 612*,
620
-family, 779, 840 (Mesozoic and
Paleozoic contrast)
-flags, 481, 489, 573
Lthgulella. 4258, 481, 482; celata,
471*; Davisi, 481*, 520; Dawsoni,
475*; ella, 471*; ferruginen, 481;
lowensls, 515; prima, 478*; ml
meva, 481
Lingulepis antiqun, 478*
Lingulocarls, 482
Liniiarssonia pretlosa, 500; trans.
versa, 475*
Linton, Ohio, fossils, 661, 679, 681,
682, 699
Liochiamys bulbosa, 917
Liodon, 864
Lion, 54
Lipari, 276
Liquldambar, 921. 922
Lirlodendron, 831, 921; Meekii, 887,
888*; simplex, 837. 838
Lisbon, earthquake, in 1755, 878
Lisbon beds, 889
Listrlodon, 927
Lithia, 615, 821
Lithin Well, Ballston, 121
Lithic era, 440
Llthistids, 777, 860
Lithium, 61.385; salts, 119
Lithoblus, 794
Lithodesare, 59; Agassizii, 59
Lithodomous shells, 848
Lithodoinus, 157; pralongus, 867
Lithographic limestone, 687, 1346,
7764 788
Lithoidyte, 84, 837
Lithomantis carbonarla, 702
Litbomylacrls, 691
Lithophts, 001
LIthophyue (lithophyses), 289,837g,
888; of Obsidian Cliff, 387, 888
Lithosphere, 61
Lithostrotlon, 640,659, 674, 700, 711,
718; Canadense, 689*, 640, 646;
mammlllare, 659; proliferum, 646
Lithost.rotion beds, 688
Litoceras, 54)1
Lit&ea Weediana, 889
Little Ararat, 265, 296 (height)
- Fiko Range, 866
-Metis, Can., 497, 500

INDEX.
Little Missouri River, 266
- River group, N. 8., 593
Littoral and abyssal deposits com
pared, 151
- currents, 212; zone, 56
Littorlna, 180; palllata, 984
Lltuites, 499, 51.1, 520, 521, 56.
568; Americanus, 573 ; Ammo
11111s, 511 ; Farnswortlii, 500;
glganteus, 567, 578 ; llnperator,
499, 500; Marshl, 551 ; undatus,
514
Lituola iiautiloidea, 482*, 860*
Liverworts, 480
Livingston beds, 828, 889, 875
Lizards, 54, 415, 768, 787, 849
Llama, 54, 910, 924, 1092
Liandello group, 463, 515, 519, 508
Liandovery group, 518, 520, 584,
567, 569
Linno Estacado, 919
Liano group, 4-17, 469
Loa, Mt., 26, 27, 179, 268, 269k, 270,
275, 276, 279, 286*, 289, 804
Loam, 76
Lob-worm, 156, 420*, 423
Lobster, 73, 420, 491, 438, 717, 771,
788
Locusts, 419, 677, 679
Lodes, 827, 83l
Less, 815, 152, 195, i96*
Less, of the Mississippi, fossils in,
964, 966, 973
Loftusia Columblana, 674, 690
Logaiiellus, 503
Loganite, 454
Loganograptus Loganl, 498*
Logs, 156, 189, 191 ; carbonized at
one end and siliethed at the other,
143; In the Coal-measures, 654;
see also Wood
Loire River, peat marsh of, 154
Loligo vulgarls, 424*
Lombardy, 769, 774
London, 17
London basin, 920, 028, 025; clay,
924)5, 928, 925
London-Paris basin, 857, 919, 920,
936
Lone Mountain, 495; limestone,
516,783
Long Island, 18*, 41, 162, 167, 205,
206, 211*, 223, 224, 225, 850; ori
gin of north bays of, 1149; clay
beds, 822, 823, 887. 889; drift, 942
- -, Archn'an of. 444 ; Cretaceous,
822, S23, 889, 872 ; beds upturned
during the Tertiary. 934, 1022*
Glacial, 940, 960, 962, 064, 970
- -Sound, j9*, 211*, 226k, 221,
444, 461 ; a miver channel in the
Glacial period, 949; tides of, '211,
214, 215, 216, 226
Longniynd rooks, 480, 584
Lonsdalia, 118
Looehoo Mts., 40
Loon, 852
Lophiodon, 928, 924, 1125; miimimus,
026
Lopholatlltis, 56
Lo,hop1'1Immin, 674; proiifertimn,
674

Lorraine, 738, 7112
Lorraine shales, 489, 494
Los Curios Mts., $40
Lonisiade Islands, 36,38
Lonisinmut, mean height of, '23
Louisiana limestone, Missouri, 087
Loup Fork beds, 820, 884. 885, 886;
fossils of, 1,494, 895, 911, 910
Low-lands, 285
Lower California. Set- California
Lower Ilelderbeig period, 558
- -, 1)evoniau relations of fauna,
569-570
Lower Silurian era, 489
Lowlands, 28
Loxomma Aliman ni, 708
Loxonemu, 520, 562, 590, 599, 618,
021, 625, 642, 700; jirlacuw, 601
semloosthtuum, 600; sinuosum, 567
Loxotremna, 916
Loyalty Islands, 36
Lucia Island, 881
Lucina, 602, 780, 867, 916; ano
(1011141, 1117; Claibornen sis, 916
contracta, 917; ci-ibrarla, 917
occiden taIls, 855; Portlandk'.a,
791 ; serrata, 926
Ludlan beds, 926
Ludlow beds, 463, 568, 578
Lumnaehelle limestone, 792
Lunatia, 916; GNL'nlund Lea, 983,984;
beros. 983, 1)84; obliqua. 854
Lung fishes, 4175, 581, 618
Lunulicardium. 64)2, 021; acutiros
trum, 620; fragile, 612*, 620; or
natum, 620
Lutetian group, 925
Lutraria papyria, 916
Luzon, 40, 920
Luzula, 944); byperborea, 945
Lychnocanluin iticerna, 483
Lycopodites, 630, 668
Lycopodium channecyparissus, 75;
elavatttm, 74; coinplanattmi, 75
dendroidenm, 75, 4368, 669; selago,
946
Lycopods, 58, 74, 75, 484, 4365, 668,
067, 4308, 072, 711, 712, 718; ash
of, 74, 75; spores, composition of,
71$ Clinton, 549; Cornlferous,
593*; Hamilton, 595*; Subcar
boniferous, 639, 645; Cnrhonif
orous, 666, 667, 068*
Lyoll (Mt.), glaciers of, 240, 945
Lykens Valley coal, 656
Lynton group, 625
Lyre bird, 54
Lym-In costata, 898*, 916
Lvrodesma, 516; cuneat.um, 567
Lytoceras, 760, 71)8, 794 ; Batesli,
887; .Iuronse, 790
Macactis, 5,5
McGregor coal-bed, 658
Maclimeracantlius sulcatus, 589
Machmtrodus, 911, 919, 927, 1000;
Floridanus, 1001 ; latidt'ns, 1008
Muckeuzle River, 40, 171, 359, 580,
590, 692, 1193, 594, (102, 880
- Laramle area, 827
Mackerel, 812, 862
Mackinac, 552, 580, 028
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Meelorea, 498, 499, 516, 5)7, 52(1;
areticu, 525; OUHUIItU, 515; Logani,
5o2; !nngna, 4111, 599*, 503, 514,
524, 5'2'); nuttutina, 500, 5
suIrol ttiidii, 515
%IaclUreU limestone., 404
\l acut iia eakarea, 984; (1-agills, 988,
tis4 ; fliscu, 1184 ; sabulosa, 1)88, 984,
(195
Macquark Islands, 87, 39
)IeraII(heIIhL, 1002
,iucroeheli us, 5119, 621, (142, 700
t'usilortiils, (175, 6100; Newberryi,
tWO; veiiirkosiis, 090
M teroehuli I fl suI eostnta, 601
,I cI)('',e is t() II(lvi, otir
Mieroevstis pvrifl'ra, ISO
1 acrodon, 621; carbo iiarius, 675*,
0110
\I iropetalich tiiys Sullivanti, 5S8
Iterpterna divttricans, 759*
M n ou s, 10146
l I) I ie Iex lure, 76
i\ Iaerosi achya, 6111)
\Iucrut hen Uin, 1118, 925
Macrurans, 52, 50, 421, 4,98, 439,
015. 701*, 707, 720, 771*, 753*
mactra alta, K)"); deluuibls, 917
ovails, 1188
Madagascar, 206 (volcanoes), 737,
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Mammals, geographical
of trap dikes, near New Haven,
54, 400*, 414; relation to Map
distribu-tion,
'299'
Amphibians, 720, 794, 795, 796; - of New Hebrides, 85'
increase ill size of brain during -of part of eastern New York
the Tertiary, 018, 014; reign of,
and western Connecticut, 529*,
878, 870 ; Triassic, 754', 778, 797;
Jurassic, 7411k, 7814'; Cretaceous, -, geological, of North America,
859, 571 ; Tertiary, 1)02, 1)20, 1)28,
412', 685
997 ; evolution of Eoceaie, 9,28
- of North America after the Ap
-, Tertiary and Quaternary, relapalachian revolution, 784, 785*,
tions or, 1017
789
-, Quaternary, 950, (l97; culmina - of North America in the Ar
tion of, 14)16; degeneration in
chtcun, 442, 448'
some Quaternary species of, lOUT
-of North America at the com
Mamutotit coal-bed, 051), 652, 653,
mencement of the Carbonic era,
656, 664), 668
688'
Man, 1011$ ; relation to Quadru- - of North America in the Creta
mann, 1017, 1036; Pleistocene,
ceous, 812, 818', 814
1008; origin, 1086
-of North America, Glacial,
Man-apes, 54, 1036
the phenomena, after 944
-illus-trating
of North America, Tertiary, 881',
Mauas(1uan group, 821
Manutus, 025
888
Manchuria, 82, 696
-of North America,
Up er Silu
Mangala Island, elevation, 850
rian, 585, 53(1', 575, 638, 634
- of Oahu, 292'
Manganite, 71
- of courses of Pacific island
Mangrove, 155
Manis, 54
chains, 87*, 311,
Manitoba, rainfall in, 944; Trenton -, topographical, of Pennsylvania,
in, 515; Lower Helderberg. 5(11;
857, 729, 780', 781
Devonian, 594, 507, 001, 6(12; Cre - of Pennsylvania coal-fields, ('49*
- of courses and flexures of ridges
taceous, 83(1, 856; Glacial, 945
Madeira, 21)7
Manitoba (Lake), 594
in central
729, T8!
Madison River geysers, $05, $07
- of Mt. St.Pennsylvania,
Manitou Park, 876
Elms region, 289'
Mtdrt' pora palmata, analysis of Manitoulin Islands, 522, 540, 542
- of Tahitian Islands, 30'
coral or, 72
Man tellia, 777; megalophylla, ITO', - of Tahiti, 180
Maestrkht lwds, Mnestrlchtlan, 815,
- of United States, 412*, 7911
777
- of Wasatch Mts. and Utah, 360'
55$, 'So, 8(14, 86(1, 870
Manteodon, 018
MaelIan, Straits of, 858, 867
- of ti.,' world, on Mercator's pro
Manti beds. 893
\lagrllania, 42(1*; llavescens, 426* Mantle, -i25
jection, 17, 47'
Magiort, Lago, 101)
Map of Apin and MenchikofF, 145*
-, physlographic, of the world, 40,
Magnesia, 61
47', 850
-, bathymetric, 17, 19, following
Magueshin limestone, 7S, 181;
20*
-of Yellowstone Park, 806*
('ninbrlan, 46$; Lower Silurian, - (baths'metrlc' of submerged At Maple, 531, 859, 879
401, 493, 01. 739
lantic border, 18'
Marble, 76, 79*, 131
-- salts, of the ocean, 820
- of the Atlantic coast-region, 224' Marble CatIon, 186, 187*, 862,
Magnetic iron (magnetite), 70, ITO, - of Mont Blanc glaciers, 285*,
808*
22.3, 575
286'
Marcaslte, T0, 128, 125, 126, 258,
- of Triassic area of Connecticut,
331, 342, 668
Mignetitic rocks, S8, 8-i
801*
Migrioiiti, 812, 887, 840, 859, 921
Marcolius epoch, 410, 576; shale,
Migothv formation, 819; River, 819 - of harbor at month of Connecti
576, 54J3
cut, 226'
Mahoning sandstone, 652, 4156
Marcy, lilt., 452
-, geological, of England, 698, 694' Mareniscan, 446
Maine. 23, 85, 15S, 1(10, 265, 461
florils of, 4-14, 948; upturnlngs in, - of F'kII Islands. 150'
Margarlc acid, 124
- of the Great Lakes, 201'
4184), 782
Margarita Nebrascensis, 841', 855;
- of western Greenland, 240, 241*,
striata, 984; varlcosa, 084
-, A tell lu-nt In, 444 ; Paleozoic, 461
Cambrian, 46(1 ; Lower Silurian,
949*
Margaritana margaritlfora, 950
4113; Niagara, 589, 541, 5-14, 552; - of Iliwali, 2(18'
Margarlte, $20
('linton, 589, 552; Lower Holder
of, 1Lavitiiii Islands, 36'
Margarlteila, 916
berg. 5-14, 552, 55M, 559, 5(12; -or harbor at mouth of Housa Margaritina confragosa, 066
tonic River, 297'
(Iriskany, 577, 571); Devonian,
Marginella, 917
4129, 680 ; Glacial, 948, 949
of land and water hemispheres, Mariacrinus, 577
ld*
Maine-Worcester trough, 461
Mariposa region, 748, 760, 887
Malneen, 22, 88, 41
of Long Island Sound, Long Marl, (3S, 79; Tertiary, 820, 854
Malachite, $42
Island, and the Atlantic Border, Marl8tone, 411, 775
17, 18*, 211*
Marly clay, 81
Malaspina Glacier, 288, 939*
- of Loyalty group, $5'
Maldivo Islands, 145, 150, 737
Marlyte, 552, 558
of Marquosas Islands, 86'
Marmot, 156
Mak-ri beds, 773
- of Mars, 894)'
Mallotus vlilosus, 084
Marquesas Islands, 297, 850; map
- of Maui, 179'
Maliti, 176
of, 80', 88
197*
delta
of
the
iron region, 445, 446,
Barrandi,
Murehi
of
Mississippi,
Marquette
Malocystites
508;
- of New Caledonia, 35*
450
soul, 51)2', 508
- of New Haven harbor, 226'
Malta, 921
Marquettian, 446
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Mars, density of, 16; oblique feat
ure-lines on, 395, 896*
Marsh gas, 124, 528
Marsh ore, 71, 344, 455. See also
Bog ore
Marshall group (grit and sandstone), 688
Marshall Islands, 895
Marshes, 718; quadrifoiia, 486*
Marslleacea3, 519
Marsipobranchs, 418
Marsupials, 53, 54, 55, 415g. See
Mammals
Marsupiocrinus caIatus, 567
Martha's Vineyard, Cretaceous of,
822, 887, 838; Tertiary of, 881,
891; upturning of beds, 1)84, 1022
Maryland, mean height of, 28;
Cambrian in, 465, 466, 467
Mascarene Islands, 787
Massachusetts, 28 (height), 85, 458,
496; coal-beds, 684, 646, 657;
iron ore beds, 127; kaolin beds,
134; marbles, 524, 580, 581 ; Cam
brian in, 310, 466, 467, 471, 475;
Tneonic, 491, 517, 524, 528, 530,
581 ; Trenton, 495; Triassic, 740,
741, 742, 750, 758, 800, 802
Bay, 444, 461, 586
Massawipi Lake, 558
Masslilon coal, 657
Massive limestone, 76, 7S; quartz
yte, S2; rocks, 76, 7S ; struc
ture, 92
Mastodon, 919, 927, 1000, 1011
Amerlcanus, 998*; Arvernensis,
927; angustidens, 927; Borsonl,
927; }'loridanus, 1001 ; longiros
tris, 927 ; uiiriflcus, 911, 912
proavus, 911 ; taplroldes, 927
Mastodons, 141, 402, 911 (first), 924,
925
Mastodonsaurus giganteus, 772*;
Jgerl, 774
Mastoglois, 164*, 165
Matheria variabilis, 478*
Matinal of Rogers, 400, 494, 728
Matterhorn, 189, 2.37
Matthews' Landing clays, 885, 888
Mauch Chunk group, 410, 634, 636,
644,728
Maudunlan group, 925
Maul, 150, 172; map of, 179*, 182;
cone of, 270
Mauinee River, 947
Mauritius, volcanoes of, 277, 290,
1019
Mauvalses terres, 894
May-fly, 419, 600
May 1111.1 sandstone, 518, 563, 566,
569
Mayenclan group, 926
Mazonia Acadlca, 691; Woodiana,
691
Mazzallna pyrula, 916
Meadville group, 688
Medina epoch, 585, 570
- sandstone, 588, 542
Mediterranean Cretaceous basin,
857, 859, 872, 873; earthquakes
of, 874; region, 769, 791, 798, 861
- Sea, 20, 21, 22, 84, 45 ; tempera-

INDEX.
ture of, 49; salinity of, 121 ; volcanoes of, 295
Medlicot,tla Copei, 085*, 686
Medusa, 55, 418, 419, 429*, 480.
479, 480, 482
Medusltes, 482
Meekellit Shumardana, 685; striato
costata, 600
Meekoceras aplanatum, 757
Megadactylus, 753; p0iyzeliis, 758
Megalaspls, 521
Mcgallehthys, 621, 692, 702
Megalocnus ro(lens, 1001
Megalodon trlqueter, 774
M egaloinus ('anadensis, 548*, 551
Megalonyx, 912, 919, 1000, 1001,
1003 ; JelIer8oziil, 1000, 1001*
Leidyl, 1001
Megaloptei'is, 689; fasciculata, 635
Megalossurs, 786, 828
Megalosaurtis, 765, 766, '490; Bredni,
864; Buekiandi, 785 (time range);
Duiikeri, $68
M eganibonia, 562
Megaplivton, 699; MeLayl, 669*,
689; protuberans, 645
Megaptera loiigimana, 983
N egathentomuin, 6-11); pustulatuni,
691
Megatberidn, 1001)
Mcgathet-iuiii, 1000, 1002, 1004;
Cuvierl, 1002*; mirabile, 1000
Megtstocrinus, 590, 602
Meiouite, 65
Meizoseisniic curve, 375
Melania costata, 926; fascists, 926;
mguinata, 925; turritissitun, 920
Melantho subsolida, 966
Melaphyre, ST
Meleagris altus, 1002; celor, 1002
Melocrinus, 550, 562, 577; Clarki,
621 ; nobilisslmus, 51)0
Melongena crassicornuta, 916
Nelonites in ultiporus, 641*, 640
Melosirs distans, 163, 164*;
163, 164*; (lee(Issttttt, 168,
granu-late,
103* ; Murchlca, 103, 164*; sul
cata, 437*, 894
Melville island, 659, 689
Mem phreniagog (Lake), 581, 580,
591, 680
Menaceaiiite, 70
Menacodon rams, 767*
Menchikotl' Island, 145*, 150
Mendip 11118, 695
Mendoza earthquake, 849
Menevian group, 481
Menihite, 920
Meniscosstis conqitlstus, 852
Meniseotherluni, 917
Menlsciis limestone, 543, 550
Menohraiicbiis Interalis, 082
Menocephalus, 508
Menoiniiieo, 446
Menurids, 54
Mereed group, 884, 892
Mercer coal-beds, 650
Merelun, 081, 7SS
Mercury, density of planet, 16
Mercury mines of California, 885
Moretrix. 916
Meridian series, 728

Merlsta, 642; pleheis, 625, 628
Moristella, 562, 579, 642 ; angusti
Irons, 567; didyma, 567; kevis,
560*, 562; nasuta, 590, 591, 592;
subundata, 520; sulcata, 557,
560*; tumlda, 568
Meristina nithln, 548*, 551
Meijelen (Lake), 288
Meroci-Inus, 516 ; typus, 514
Merosthenie, 7lT, 796, 870, 871
Merychyus, 919
Mei-ycochurus, 918, 919
Merycopotainus, 927
Mesa, 185, 186*, 800
Mestibi Range, 446
Mesalia Claiborriensis, 897*, 916;
obruta, 916 ; vetusta, 916
Mesiuwd, -140
Mesodectes, 918
Nesodevouiaii, 576
Mesodon albolabris, 966; dlastema
ticus, 886; Dutublel, 886; pro
fundus, 966
MesohipI)us, 908, 912, 918*, 918
Mesonucis Vermontana, 473*
Mosonyx, 918
Mesoreodon, 918
Mesosaurus, 706; tumldus, 687,
6S8'
Mesothyrn Neptunl, 600; Oceanl,
600, 615*
Mesozoic time, 738
MessinIan group, 927
Metucoeras cavutifortne,
690;
dubiuin, 691 ; Hay!, 691; Inconspienum, 691 ; Walcottl, 691
Metadiabase, S6
Metadoxldes, 41,12
Metagene, 8S0
Metalophodon, 918
Metals heavier than Iron not erup
tive, 876; native, 831, 382
Metamorphic rocks, 76, 82
- - and igneous, relations of, 326,
$27
Metamorphism, 809; dynamical,
began in the Archa?ozolc era, 441;
heat in, 311, 821-826; local, 311,
312-314; metachemic, 814L $18
821 ; moisture In, 311-312; para
morphic, $l4, 817-318; regional,
811, 313, 814-315; statIcal, began
in the Lithic era, 440; without
heat, 827
- in Archtcan, 449, 450, 451, 453
Metamynodoit, 918
Metapedla Lake, 583
Metasontatic metamorphism, 814
Meteoric stones, 11, 870
Meteorites, 376, 486
Metla Island, 188, 151 (height), 350
Metoptoma, 482, 514, 5143; alts, 501;
dubia, 54)3
AI lendon chalk, 866 ; marls, 925
Meuse, ratio of sediment to water,
190
Mexico, 25, 26; snow-line in, 284;
volcanoes, 21)11, 987 ; mines of,
388, 840; height of Cretaceous
beds, 038; Archtean in, 444;
587, 569; Permian,
Car-boniferous,
659 ; Triassic, 789, '147,755
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.1 tirao.le. 119 ('s .tIIcO,IlflS, 64.
.I8, SI-I.
its, 520, 24. 634
.74. ; I't'rtltsry, Ss), .%5, 8'.,
'94
In t-1-4. 9N
M1111111 IIr.s,,stnnl, 679', 601
Miarolylc, .3
MIa.eyie. $t
141
M10:1.
ii t''iv It', 41
'iIii,.I, ,.I
- tycnyte. S3 ; tr.eiuyk', 846
1lt'Iit-lirshs, 51s2, :.9';, 640 ; styIoporm,
1101
Michigan. mean height of, 2.1; salt
gr.nI., 1135
" .\rshsvan In, 442. 345, 4111, 449',
4511, 451 ; Caisibriai, In, 461, 465',
.11;Michigan flay, 112$. 11kl
,IIe1sign,i, Lake. 2IM5, 201', 2112, 540,
635; herds of. 1.147. ii-IS; glacier
of,
\I t.1IiJ.it's)tefl Island. 4-IS, -i'3
Mlt'raster, S110 : hrcr1,, SUP; car.
is go iii siin, s(;I; ; cur-hot is, S66
,.iv ItIsIl -.
tcrcets.I4, 8611
Mkr"tn'.."i't' Iaeterlis
Mkrnbh*ttina. 1191
M1crs'eh,s'rss erlnacetss, 926
M kriwb,nosloi,, 917
MI.'rndlnc, h4, 43. &), 199. 321
-irnnhie. '.'(
Mh'roc.ii'e,as isitrilicans, 137
Mit-rol-wins, "0,
'I kr,e,ssusiion tenuirostris, 754
llt'r.nhI3cIIp., 478, 481 sjseciostis,
473*
\1kr.s1on. 1121; bellIstrlgstns, 528'.
4.11.2
Micro-granith' rocks, 7
MI.'ri,Ic,tet. 74. ;'ti ; nntlquus,
Moore I, 778
Mieroiitt', 77. 2116, 27:3, 288', 449
tI kr..sco1.i.' it°X Isin',
Shlcrissjssrigla, ',IS
5ere.v..ot, ills
M141114-rd sands, 775
MI.1vav "'piieli, 88-I, 885, 838, S9G,
illS
Migrations forced by glacial eontll"
lions, 945; Arctic, between Amer.
Is'n and Europe or Asia. 940, 952
Mill Creek lieds 4gr.'ssii), 840, 812
M IlkIlt-IIS, 411), 723
Milkjsores. 72, 13'), 142, 431
Milkritc, i37
%I III,tusiu' grit, SO. .110
Millstones, S9
MIkt Island. vs'lcsiioes, 296
Minis Basin, N.S., 351), 741
Min.'rd ehiretini. 11112
- nil and gas, 112, 74, 0. 124, 133;
from flit' Trenton Ilunesttsuc. 5212
from Saturn group, 55-I ; from
I lie I)evonlnn, W6. iii:iii air areas
in l','niss2t'nnin, 7:10*
-springs, 119, 123, 320; analyses,
121
M Iriernls, 63; making of, 317,318.823
MIni's, teulipursiturt, In, 251. '258
Mltutt,
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Mhngsun Islands, 492, 408, 497. 500, Molokal, 292
Sol, 511:4
Moluecs, 921
M111 Iis'totn, height for. 2$ ;
Mul)L14lfl1(', 840
9.14 ; A reins-an too, 4411. 4-Is'
rain-fall.
Mona Series, 444)
('nih urisii, -Ids. -1119, 475. 4'l ; C'al. M.sna4lt, 41')
elfi-risiss, 491, 498; 'I'renti.n, 41)4
Monaziti', 55, 455
N Iagsirn, Not; M,lit-uris,,, I tt"rous, Mongolia, 32, 38, 84
'134 ; I hncltil, ti-IS, uo
Monkeys. 54, 55, 44)2, 924, 980
Mhnuit'st,tn lIver, 1117
Mon., Lake, 20, 1820, 1880, 276, 294,
M Itivr..t Isljitsil, 21,';
MInce,,.' hike basin's, -"2, 933
102w', 109, 110'
- It'riIXi. SSt. s'.j, m4; lacus. Monoclini's.,
Miunoclonlus, 847
(tine, stI8-97,
Munoslon, Gilt)
MluliIqiiis, 911, 912, 9130, 018, 910
M.snninyarlcs. 525
nuItsct"ICIi, 594
%inrsungalie'la River series, 654
Miohi1i1uiis beds, 886, 894
Mers.pleisra marcida, 830; plagutscuist, 5,88
MIols-sishiss, 925
MlsIiev congloisici-ato and slate, 524
Monoprionidie. 49b'
Mir-slssrsga River, 445
Monopterla, 690
MlssIssispI, mean height of the Munotla, 750, 759; Alberti, 714;
state. 23; Cnnubrlnn in, 466;
curia. 75$'; docuussata, 774; Haiti,
Suht'rsrlioiiift'risiis, 1134, 1148; Car
1185; salinas-la, 757; st'ptentrion'
bisnlc, 1185; Cretncs'ous, 639. 8111,
ails, 7112; speluuncnria, 685; sub828, 545, s54, 88; Tertiary. 881
ciresslcirls, 757, 75; variabili., 685
Glacial, 945
Monulls bell. 7.57
- River. 24, 21), 30, 31 ; pitch and
58, 54, 415, 159. 852,
Amsoint of discharge, 178, 190;
858', 917
delta of, 11)7; licadwatoes in the Monroe (',luntV. Pa., Pr*.sser's sec(iImu'lnt iriod, 911. 948, 96-I;
tion of, 594, ,,itG
Southwest PASS or, 191
Monson, Mn'ss.. 1iunrrt, 88
MIssissl.pIan period, 632
Mont Blanc. See Blanc
Missinirl, mean height of, 28; Iron Mossialban, 446
mountains, 4-5-1, 4-49; lend mint's, Montana, mean height of, 23; Cam133, 342, 5212
brian In, 376, 4; Subcarbonlfer- River. 29 ; sIIs&'hnrgc and pitch,
sins, 639; Carboniferous, 65S;
173; lwatlwsttrs in 11w Sasksttt'ls
Triassic, 746; Jurassic, 748; Crct"wnn during the Glacial period.
taccous, Lower, SIR. 820; Upper,
9i'4
525. 5,211, 8th.; Tertiary, 81)4, IllS
-. region of Upper, 829. 841, 844. Montasik Point, 224
s:'.s, .98
Monte Rosa. See Rosa
?tllteht'II, M t.. 27
?sinnteht-Ilo sandstone, 59-4
Mites, 420
Monterey 1,t46, 885
7t1 iti.s'It'iusa clnetogusn, 503
MontIeuhIiora, 5115, 511, 516, 524,
Mitra, 11111, t)'22; eelI,slifern, 916
545', 561; aslluerens, 50:3; flivu
losta, 520; hibrosa, 508 ; fl'nndusst,
cnlisiulsitzl. 9111 ; scabro, 926
Mixuuli'ctv". 917
521); Iveoperulon, 524; paliula. ru
Montlivaltla, 700, 717, 178 ttiuimber
Mon. 1014
M.idhulf. 525, 757, 9111, 917 ; flu-an
of Bnitislil; A tlatitica, $54; cary.
nt'rl, N311; uiilninrn, 773 ; pileatula,
ophyllata, 177'
1594 ; Shiuiwsicensls, 01 ; 1youi Montmartre I
beds (gypsiferous. ,nnrlst), 1123. 924, 9211
iiigt'issts. 1190
Motliolnisies priseus, 472'
Monlunorenel, fault at, 527'
MostloInlisis. 481, 516, 520 ; coin- Montrost' slisles, I)6
planata, 567; dubia, 558; (talon. Monument Park, 185, 186'
514 ; tundiutarls. 511. ; orthonota, Mon7.onyte, 85
MO; PrIlnIretlia, 544', 540; Sin-on, itsurflicu of, 11; ilenslty of,
10
stuh&at*. 551 ; susperba. 514
Moosehend Lake, 577
Moslisunorpha, 1102, 1121
Modulus esunpactus, 1)17
Moravia, Cretaceous in, 839; Per.
mian, 698
Mohawk River, analysis of water
Morea cancollarln, 854; nalicclla, 954
of, 121
Moisture In rocks. 122, 205, 278, Mnreau River, 856
311-312, 315, 324. 325, 834, 354, Mormolsicoldos articulatus, 150'
$02
Morocco. 88. 920
Morosautruis, 763, 786, S$6; BeckM'ikketain, 1510'
lesli, 8118; granuiis, 763'
Molasst', 1120, 021 ; LIgnitic, 920;
Morris (Mt.), 605
Lower, 9%; Red, 926
Mortar, 19
Molds, 486S
Mort.unIn Rogeral, 89$'
Mole, 1S', 9,27
Molgophis, 002; macrums, 682. (392 Mortoniceras. 855; Delawaronsto,
Mulluscøkl$, 140, 419, 423, 425, 526
854; Leonunse, 837; 8boshononee,
Mollusks, 55, 59, 72, 428
855; Texanum, 855
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Murex Alabarniensis, 915; simplex,
Morven. 8137
1)16
Mosasaurkls, Cretaceous, 870; CreMuriutic acid, OS
taceous (Lower), 864 (fir-it) ;
Cre-taceous
(Upper), 826. 815, 847, M usehelkalk, 411. 7139. 770, 771
848 (number in Kansas), 848*, Muscovite, 65, 83, 318, 821 ; gneiss,
849*
88; granite, $2
Mosasaurs, Cretaceous, 816, 826, Museovite-aml -biotite granites, 82
Museovite-biotite gneiss, 83
867, 870
Mosasaurus, 848 ; Camperi, 804*,
Iuscovv glass, 65
866; Dekayl, 848; major, 848; Musophyli urn cozuplicatum, 889
Mussel, 4,23
princeps, 848, 849*
Mustakh lange, 240
Moschus, 927
Mustoln, 1)97
Moscow shale, 593
Moss-animals, 427
Mva, 425 ; arenai'ia, 917, 988, 984;
truncate, 917, 1)83, 9184, 995
Mosses, 58, 153, 154, 484, 486, 677;
ash, 74, 75
Myacites, 757, 7130 ; Liassiiius, 791
Mother liquor, 120
subeounpressa, 7130
Moths, 419
Myalina iingiiliitn, 1347; conceiiti-lea,
647 ; haul, 685; perattentuLta,
Mount Desert, 218, 210*, 444
685*, (39(1 ; Pi'rmiana, (185 ; recta,
Mountain, 24 ; chain, 24, $SO,
890
685; recurvirostrls, 61)0; squa
mosa. 707
Mountain chains, composite charac
ter of, 28*; mostly on the borders Mvlacris, 691
Mvliobat(s, ('48 ; Edwardsi, 926
of continents, 392
- limestone, 981, 632, 684, 695
Mylodon, 1000, 1001 ; llarlani, 1000,
- mass, 26. 27
10(11
- range, 24, 8S9, 890; relations of, Mvocarts lutsarla, 521
to denudation, 887-88S
Myophorhi, 756, 759 ; alta, 757
- slopes, 26, 27; angle of, 27,
costata, 778; Gold ('missl, 774;
lineata, 760, 770. 771*; orbicularis,
2S
- system, 24, 8S9, 890
773; s'ulgaris, 778, 774
Mountain-making, 345
Mvriapoils, 418, 419 ; derivation of,
728-724 ; Upper Silurian, 574;
-, Areha?an, 451-152; at close of
Devonian, 575, 625, 721 ;
Eopaleozoic, 526; post-Paleozoic,
721 ; Carboniferous, 657,
853, 729; post-Triassic, 857, 798;
Paleo-zoic,
674; Tertiary, 922
post-Jurassic, 809; post-Meso
zoIc, 859, 874; Tertiary, 867, 3)39, Mvrica, 831
982, 940
Myrinecobius, 755; fasciatus, 755*
Mountains of circumdenudation, Myrsine, 837; borealis, 888*
845; of igneous accumulation, Mvrtacete, 922
845; of subterranean igneous Myrtle, 859, 921
accumulation, 345
?dysops, 918
Mvstriosaurs, 787
Mouse. 58. 797
Muck. 154
Mystriosaurus Tledemanni, 786*
Mud, 7Ii. See also Earth (soil)
Mytilarcu, 5)32, 621
Mud-cracks. 94*, 95, 140, 223, 260, Mvtiloconeha incurva, 917
821, 384, 464, 554, 608, 605, 742, Mvtllus, 121), 325, 1)16; Carteroni,
745
867 ; edulls, 984 ; ShmLwueensls,
- lumps, 19T, 198
690; simplex, 867
- volcanoes, 805
Nadoceras, 591
Muir Glacier, 288, 244, 251
- Inlet, 288
Naiad ites eimrbouarlus, 690
Mull, 867, 938
Naked Mollusks, 424
Mullet family, 843
Namnur dolomite, 696
and
structure,
Najiafalia beds, 888
Multiplicate species
42l, 488, 489; in Cambrian Naiiahno beds, 881
4813 ; in Paleozolc, 720, 728, 725; Nit na wale. 2S5
in Jura-Trlas, 795-796; in Creta Naimonieryx, 918
ceous, 870 ; in Tertiary, 912
Nanosaurus agilis, 765* Hex, 765
Muitituberculates, 1)17
Nantucket, 48, 210, 044 (Glacial),
Murchisonla angulath, 567; Anna,
1)88, 1022
500; articulata. 567 ; beilicineta, Naphtba. ee Pelrohoimn
500, 54)7, 514,520; hivittata, 551
Naples, earthquake or Isb7, 875
corallii, 567; extenuate, 558; Naities grin!p, 6(18, 64)5, 614, 620
gracills. 514, 52)); inacrospira. Napoleon group,
551 ; major, 515; Miller), 507*, Narragansett Bay, 444, 586, 633,
514. 516; minima, 690; minute,
949
558; tricarlnath, 514; turbinath, Nashville group, 489, 494
601
Nnsopus cniidat us, (lMi*
Murchisonlan, 585 (Upper Silurian Nn'isa, 916; Dalli, 916; scalatmi,
916
synonymy)
Nutlca, 707, 75)), 9113,1)22 ; abysslna,
Murchlsonite, 821

854 clausu. 988, 984, 91)5; MIssIs.
sippiensis, Iii 6 ; pedernolls, 886
perm unda, 916; recurva. (11 6
Naticella costata, 7W
Natkiua, 1)16
Nat icopsis, 1390
Natrollte, 68
Nauplius, 420, 721
Nautiioids, 67)1*, (190, 727 ; culmina
tion In Carboniferous, 675
Nautilus, 59, "124, 425*, 501, 614,
655, 700, 707, 727, 774, 543. 8131.
8139, 929 ; bidorsatus, 773 ; bueci
now, 602; cciitraIls, 925; Dual
cus, $66 ; Dekavl, 542*, 854, 855;
divisus, 69!; eceenti'ieus, 685
elegaus, 887, 555; ferox, "All
Forbesantis, 690 ; iwperlalis, 925;
Jurensis, 790; Koninekl, 70u
Liardensis, 7,')8; Nordenskit3ldl,
TI)2 ; Perni Ian ii s, 1385 ; pow poimius,
601; seuiistrintus, 791; Sibylla-,
speetebilis, 649
Navari'o beds, s24
Naveslmik group, 521
Navicula, 51)4* ; amnphioxys, 163,
I (W* ; bacillurn, 1138, 1)34* ; serians,
164*, 1(15: semen, 164*, 1135
Navigators Islands. See Samoan
Nea'ra, 91)3
Nebraska, 23 (height) ; Carbonifer
ous in, 4174, 690, 1391; Permian,
66!); Cretaceous, 826 ; Tertiary,
5S2, 598, 919, 933, 983 (elevation)
Nebraska iacustriiie beds, 1)19, 938
Necrogamnrnrus Salwevi, 565
Necrolewur, 926
Negaunee, 346
Neithea grand icostata, 837; Mor
toni, 867 ; quinijuecostata, 854,
555
Nelurubium teiiuifoliuni, 889
Nelson River, 1)47
Nematophyton, 564. 582, 590; Lo
gammi, 582*
Neuiodoii Vanconverensis, 887
Neobolus lads, 483
Neocene, S50. 8-88
NOUCOIIi inn epoch. 515, 831, 857
Neodevoitiami. 5T6
Noogone, 8s0
Neolit lilt- period, 1013
NeoItIvlaeri,,691
Neopalcozok' (hue, -1)10, 585
Ncoplaginimlax, 917, 1)25
Neoi.oi", 550$
Nephelloc-basalt, 88$ ; doleryte, 87
Neplielinyte. 57$
Neliheiltu. 133$ ; rocks, SI, 84, IS,'); artificial t'oriuiatiomi of, 274 ; changes
t :320 ; In A rcluLaIi rocks, 449,
453
Nephri t icerits, 609 ; wax liiinam, 599
Nelihrtima aretictiuti. 1)413
No1ituuiea e(Iulstrkta, 91,5 : omitero
grutti mu, 916; ?tt atthewsv uisis, ((IS
Ncriimca, 751, 820, 88-I, 8131; non s,
586; Austinoimsis, 586 ; bisulenta,
i13i*, 5(1(1, 5137; cii itrlspira. 5813
DefranclI. 700 deprt'ssit, 791 ;
dlspar, 587; l"avrel, 8133 ; gãgnii
ten, 565; GiiiilliiiIlli, 780* ; Mcii
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nl, $65 5%LhUI(t, 88(1; Texana,
Iriln4(Iosa, 791
N in nelill til, 71)1
Ncri lteris, 1389
N 411 ta " 916; 41cirmis, 887
N cr1tin a, 85-I ; con cii Vii, 920
N csnilon, 927
Ni'si itclioiiing, Pa., 1349, 051)
Net ittiiii ii1 coast,
Net Inruanits, 'l'rhassle in, 70$
N IL It9 utci-is, SnS, 681), 11-it. 685, 699,
704 ; aii gus I1(141lii, 6S"); aU ricolata,
1302, 70-I ; hik4rIni4, (145; Ca[iitat.a,
6)5, (389 ; clrlhatii, 1389, 131)2, 704
i)iiwsoni, 622 ; tlnibriaha, 689
ilexu(isa, 02. 704 ; ( eriiiari, 6s9
liirsuta, 671*, i3'9, 692, 61)3; in
Ilata, 689 ; LosoliU, 671*, 1)80, 704,
T05
polYuiorl1, 595*, 622
ten ulfolla, 67I, 4180
Neuropteroids, Paloozolc, 721;
677, 6714*, (WI, 702
Car-boniferous,
Neuropters, 141. 419, 1300, 750, 771,
,194, tuI) (number of Florissant)
Nevada, mean height of, 8 ; silt
Ci'OflS deposits in, 152 ; minerals
made at Steamboat Springs in,
328. 3,14 ; wines, 888, 889, 840,
341*
-, Arclucan in, 447; Cambrian, 464,
469, 470, 478, 474, 477, 478, 484;
Lower Silurian, 41)5, 51(1; Niag.
Ml; Devonian, 581, 589-51)0,
592, 60(3 Carboniferous, 1358, 059,
074 ; Triassic, 747, 757, 758; Ju
rassic, 749, 759, 7130; Tertiary,
5s2, $6, 893, 895, 937 (eruptions);
post-Patet'7oie upturnings, 788
Nevadyte, S4
Ncvo, 23.3
Neverita, 916
New Brunswick, upturnings in,
597, 538, 680, 732
-, Arctman in, 444 ; Cambrian,
446, 4613, 467, 474, 475, 476, 521
Lower Silurian, 498 ; Upper SunHan in, 54!, 558; Devonian, 578,
5013, 1321; insects of, 61)0; fishes
of, 587, 617 ; plants of St. John,
594 ;
Sul ,t'arho n Iforous,
689;
plants, 4345; albertite of, 661
Carboniferous, 4358, (102
New Caledonia, 93, 8)i, 88, 145, 148,
787, 937
New England, marbles of, 524;
iuiizv in. -191 ; Corniferous, 580
Glacial, 941) ; Niagara, 541; Paloo
714 ; Tiieunic, 490, 491, 495,
527 ; Triassic, 744) ; Upper Silu
rl:in, 538, 571, 572
New (', ii inca, 19. 22, 88;v ((Icanoos
of, 210;
Ne- Hampshire, 23 (height), ST,
1317, :132 ; Aneiman in, 4-10 ; Cam
brian, -1(30 ; U PP°" Silurian, 581
Niagara, 5-il, 54-), 551 ; Lower
I lehlcrberg, 5-14
Now 1 i:ivii, Conn., trap (likes of,
299, 8011*, Su-l'; kettle holes, 993
depth of harbor, .22)3*
New hebrides, 354, 36, 88, 296 (vol
canoes)

Now Ireland, 8)1, 84, 39
New 'Jersey, mean height of, 23;
coast of, 1139, 22-1 ; Highlands of,
580; marl-beds, 822 ; clay-beds,
822; subidnü, 800, 878
New Jersey Gavial, IS
Now Mexico. 28 (heIght), 29, 840
(iuino), 8611, 864, 747 ; Arehwan
In, 444, 441) ; Lower Silurian, 4115;
Carboniferous, 674, 61)0; Permian,
4010, tISS; Triassic, 74(1, 755, 7543,
758; Jurassic, 747 ; Cretaceous,
818*, 817, 8213, 828, 821); Tertiary,
S8'2, 885, 898, 902; igneous erup
tions during, 937 ; Glacial, 94
New Led sandstone, 400, 628, 097,
74')
New River, 200
New York, mean height of state,
'28; iron ore beds, 127, 826, 449*,
450 ; lead mines, 542; marbles,
52-4 ; sulphur springs, 554
Now York Bay, 211*, 224, 225, 230,
444,592
New Zealand, 22, 86, 87, 221 ; vol
canoes of, 21)6; connection with
Australia. 737, 708, 1019; geysers
of, 82,805; glaciers of, 242; Upper
Silurian in, 564; Triassic, 698, 737,
770; Jurassic, 770; Cretaceous,
857 (coal); Tertiary, 928, 987;
Quaternary, 1019
-chain ofIslands, 87, 89, 874
Newark grout), 740
Nowberrua Condoni, 579
Newburg, 857
Newcastle coal, 401
Newfoundland, 17, 41, 48, 232, 252,
3S9, 424, 4111, 580, 587, 559, 634
(coal-beds), 737, 798, 944, 948
(ilords); Arehican in, 448, 444,
440, 447; Paleozoic, 461; Cam
brian, 4134, 4415, 466, 467, 473, 475,
476, 496; ('alcifurous, 492, 41)6.
500, 00) ; Chazy, 508; Upper Sil
urian, 586, 571 ; Carbonic. 638,
685; Glacial, 944, 948
-Banks, 882
Niagara period, 088
Niagara River and Falls, 589, 54O
sect1oti), 542, 553, 580 ; obstructed
by drill, 1)72k; age of, 1028
Nicaragua, Carboniferous in, 659
Nickel, 70, 842
N(cola Lake, 746
Niger River, 80
Nllhaii, 87
Nile, 80, 172, 173 (slope), 177
(floods), 19)) (silt), 417
Nileus 503; afithis, 573; armadillo,
578; macrepS, 578; scrutattis, 548
Nimravus, 918
Ninalbu eruption, 874
N Ineveli coal-bed, 651
Niobium, -149
NIoI,nara group, 815, 825
- River, 886
Nipa, 991
NIso, 916
Nitrates, 433, 137, 188, 191
Nitric acid, 63, 124
Nitritleatlon, 187
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Nitrogen, (11, 118, 186, 158; from
volcanoes, 298
Nitrous acid, 124, 137
Nitselica curvula, 699
Nobby island, N. S. W., trap dike
of, 818
Nodosaula Toxana, 887; vulgaris,
432*
Nodules, 78 (phosphatic), 97
Norfolk and Suffolk cliffs, 219
Norhari, 446
Not-Ic (Upper), 757
Normandy, 518
Normanskill Graptolites, 516;
shales, 515
North Cape, 521
North Carolina, 85, 231, 858, 946;
mean height of, 28; coast, 224w;
iron ores, 441)
Norway, 19, 88, 41, 85, 87; snowline in, 234; Archiean in, 458;
Cambrian, 482, 518; Lower Silurian, 518; Upper Silurian, 568,
5)38, 569
Norwich Crag, 927
Noryte, S(1, 87, 032
Nostoc enlidarium, 60
Notharctus, 918
Nothodon, OSS
Nothosauras, 778
Notidanus primigenlus, 416, 901*
Notochord, 414
Notornls, 1014
Nototberlum Mitchelll, 1006
Nova Scotia, 41; subsidence, 850;
coal-beds, 684, 689; uplifts, 527,
588, (380
-, Archiran in, 4-14; Cambrian,
46(1; Lower Silurian (close of),
527, 583; Upper Silurian, 587,
541, 558, 568, 578; Devonian, 578,
098; Subcarbonlferous, (389; Car
boniferous, 653, 654*; Permian,
658, 660, 708; Triassic, 740;
post-Paleozoic
upturnings in, 782
Nova Zambia, 48, 776
Novaculite, 80
Nucleocrtnus, 597; Verneulhl, 555*,
590
Nucleospira conclnna, 592; pisi
fornils, 551; p18cm, 067
Nucula, 525, 602, 621, 757, 780, 792;
Itrata, 601 ; nasuta, (47; per
crassa, 854; Shaleri, 917; Shu
mat-dana, 647; tends, 1)84
Nuculana bellistriata, 690
Nucnlttes, 621
Nudibranchs, 424
Nulhlpores, 72, 140, 147, 156, 487
Nummulitos, 438, 89)3; Eocene,
847, 1)20, 992*
Nummulitea Ievlgntiis, 926; num
niularius, 432*, 922*; radiatus,
926; 'ariolaritis, 926
Nummulitle epoch, S80; upturn
ing at close of, 982, 936
Numukn, 150
Nunatake, 240g. 241*, 249*; plants
of, 945
Nunda group, 1305
NyctIlestes, 918
Nyssa, 896, 921 ; lanceolata, 889

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

1070
Oahu, 150, 168, 179, 271*, 282; map
of, 292
Obi-Irtish River, 80
Oboleila, 425, 481, 486, 496; crassa,
471*; pilcata, 520; polith, 4rS*
Obolus, 72, 73 (composition of
shell), 425, 482, 521 ; Apoilliiis,
427*; Davidson!, 567; Labradorl
cus. 480
Obsidian, (14, S4
Cliff, 264*, 276, 837*
Occident, 21, 22
Ocean, abyssal depths of, 229;
amount of salts in, 120, 121 ; sili
cates made at the bottom, 186;
the great mineral spring, 120,
820
- as a mechanical agent, 209; earth
quake waves, 213; abyssal work,
229
Oceanic currents, 42, 48. 4fl*
- era, 440; islands, 20, '22, 28 ; life
not easily exterminated, 142
Oceans, arrangement of, 17; depth,
is, 19, 880
Ocoec group. 468
Octopods, 424
Oculina arbuscula. analysis of, 72
Ocydronius Australls, 1019
Odontaspis. 86$
Odontidluin, 168, 164*, 165; pinnu
latum, 594*
Odontocephalus, 591
Odontocetus, 927
Odontopolys corn psorbytis, 916
Odontopteris, 687, 611. 685, 698. 699;
obtusiloba, 704; Schlotheirni, 670*,
689; sphenopteroides, 689
Odontopteryx, 928
En1ngen, fossils at, 921, 922, 926
C)esel zones. 568
Ogden, Utah, 3(10*, 861 ; Canon,
581; quartzyte, 580, 581
Ogygia, 482, 520, 521; Buchil, 520
Ohio, mean height of, 2$; mineral
oil and gas, 522, 528, 554, 607, 608,
601)
Ohio River, filled by drift, 965
Ohio shales, 608, 606, 615
(i)hiocrinus, 516
Oil. See Mineral oil
Oil-creek group, 688
Oil-sand, 607
Okhotsk Sea, 921
Oklahoma. 886; mean height of,
28
Oland, 521
Olcostephanus Astierl anus, 865;
Speetonensis, 865; Traskll, 887
Oldharnla, 482 ; antiqua, 481*;
radlata, 481*
Olean conglomerate, 647
Olefiant gas, 528
Oleic acid, 124
Olenellus, 467, 478, 479, 481, 482;
asapholdes, 473; Cullavel, 4l
Gilberti, 478, 474*; Kjeruitl, 482;
Thompeoni, 473*; Verinontanus,
473*
Olenellus zone, 464, 482
(uienoides, 482; Fordi, 473*
Olenopsle, 482

UThEX.
Olinns, 481, 482, 488; micrurus,
4S1*
Olenus schists, 482
Oligohunls, 918
Oligocarpia, 699, 756; Gutbierl.
(99 ; rohustior, 749*
Oligocene, SS0, 886, 918, 920. 921.
92(1
Oligoclase, 649; gneiss and granite,
83
Oligoporus nobilis, ('41*, 646
Oliva, 922; Mississippleusls, 916
Olivella, 916
Olivine. See Clirysolite
Omnivores, 930
Ornosaurus armatus, 787
Omphiwvte, SS
Omphvma, 567 ; turblnata, 564*, 567
Onchhllum, 424
Onchus, 546, 565, (126; Clintoni, 5-16,
550; Deweyl, 550; terruistrlntus,
566*
Oncoceras, 551, 561 ; gibbosum,
549; ovohles, 558, 562
Oneida conglomerate, 588
Oneonta sandstone, 603, 606, 612,
618, (121
Oniscia harpua, 916
Oniscus, 509, 783
Onoclea sensibills, 840, 922
Onoudaga beds, sections of, 552,
553*
- Lake, 55$
-limestone, 576, 581
- period, 408, 410, 585, 552-558, 570,
572
-salt group, 552
Ontarian, 4-16
Ontario, salt group in, 552
Ontario (Lake), 200, 201*, 494, 583,
946, 947 (depth)
Onychodus, 417; sigmoides, 559*
Onyx, 138
Oöiitic, 82; ilmestones, 79
06lyte, 79, 96
-, Bath, 775, 777, 790; Cornillan,
790; Great, 775, 777, 779, 790
Oxford, 175, 790
Oôlytie epoch, 738, 775
Opal, 62, (;4, 185
Opereiilates, 54
Otihiacodon grandls, (188
OphhlerInton, 106; Brownriggll, 704
Ophlleta, 4145, 499*, 515, 520, coin
paet1t, 504), 520; coinphuiata, 4119*;
ievata, 499* ; Owenana, 514 ; pri
inortlialls, 478* ; uniangulata 499*
Ophiolyte. 19, 59
Oplilurans, 55
Ophitirohls, 429, 505*, 646
Ophyte, 86
Opossum, 415, 902, 910, 924, 926
(Ippelia, 71)4
()quirrh Mts., 340, 4(19
Oracantlius Millerl, 702
()rac( uiIon con ulus, 553*
Orang-outang, 54
Orange, N.-I., columnar basalt,
262*
- lhiy, 858
- sand group, 891, 965
4 rhleii Ia, 482

Orbicular dioryte, S7, 91*
Orbiculoidea, 514, 612; Lodensis,
612*, 620; Ininuta, 502, 602; ru
gala, 5(17; ten uillameilata, 5(12;
Van uxemi, SM
(irbitoides, 433, 896; Mantel!, 896,
51)5*
Orbitoides limestone, 896
Orhitoiltes, 483
I )rhitulina conoidea, 865; discoidea,
565
Orbitulites Texanus, 534*, 836
Orbitlina unlversa, 4432*
Orca, 144
()rchestiu, 420*
Orchids, 425
Ordovician, 489
Ore, ores, 827, 845, 810; origin of,
342,343
Oregon, 23, 25; glaciers of, 240;
Igneous action in, 265, 266, 250
volcanoes of, 296; Cretaceous
111, 818, 830; Tertiary, 882, 585,
892; John Day beds of, 911
sandstone veln. 34-I
Oroodon, 907, 915 ; giucIlis, 1)10*
Oreodon beds, 85(1, 594, 910, 918
Oreodoxites pilcatus, 39
Oreti series, 770
Organic acids, 665
-contributions to rock-making.
See Rocks, organic constituents
of
-nature, essential elements of, 9,
418
-remains, 71
Orient, 21, 22
Orinoco River, 30, 456
Oriskany period, 577
- sandstone. 517, 578
Orizaba (Mt.), height of, 937
Ormoceras, 501 ; crepriseptum, 516;
tenuitiluui. 514
Orinoxylon Erlanum. 622
Ornithomluins, 647, 856 ; velox,
647*
Ornithopoda, 761, 7(14, 786, 845, 6413
Ornlthorhvnchus, 415, 795
Ornlthostonia, 863
Orodus, 644, (11)2, 702; mammillaris,
644*, (147
Orogenie work, 845, 87(1, 891
- nioveinents. Tertiary, of Long
Island and Martha's Vineyard,
1021. See further, Mountain
making
Orohippu8, 805. 912, 1)18*, 918;
agilis. 9fl5*
Oroiuiervx, 918
1 )rtiinenntluuis, (187 ; arcuatus, 692
Ortluuuiulax Gabbl, 899*, 917 ; puguax,
916
Ortitaulax bed, 891
Orthiuls, 719 (time range) ; Upper
Silurian, 574
Orthls, 31(4. 425, 426, iSI, 482.51(1,
517, 521. 550. 5411, 562, 568, 579,
622, 642, 705 (last In L'eruiiuu),
7447 ; au ornm rita, 508 nrc mu a, 025
biforata, 5447*, 514, 520, 550 ; 1111llngsi, 475* ; biIuuI'Li, r4'. 551
borealis, -603; Ilouu'hard I, 521);
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cailigrainma, 52(1, 522, 5(17;
tai", 5'I9 ; 1)avtdsont, 56 ; (Its
U5, 558 ; iItslurtils, 54)3, 514
oli_'gan Iida, M111*, 520, 551, 552, 552,
,n, 5(17, M, 551); lliibellulu,ii,
Sitl. 52)1 ; IItI4ilt'VlL, 11(9*, 54)11
gm &uiuii, (125 ; II 1gb Iaiido ii sts,
471*; lit ii uutoiiy x , 571) ; by bridir,
NO; Im
551, 5(18 tin
res so, 51(2, (120, 62,11; I na'q units,
(412; Iii torItiiatn, (3'26 IOWOflStS,
602 ; 1iitr, 5(17 ; in naut, 557 lynx,
521 M ' Farm iii, 592 ; M tckoiliii,
703 ; M tcholtnt var. Ilurllngtonon
uts, (1l2*, (14(1; runsciikisa, 579
oblatn, so'., 568, 579 ; ocuidoutnits,
54)7*, 514 ; orhicu tails, 567 ; pal
halo, M ; i maikia, (126 ; rarva,
521; I't''osl, (11)1) ; porokgans, 5(18,
579 jrlaioeon vi'Xa, .5621; platys,
50$ ; pl1catn (126 ; 1IrcItt1I, 52(1
Porein, 50$ ; pram, 602 ; Pulicto
utrtaui, 568 ; Sakiiious1, 4171*;
strIut;ii, 4241*. 520, 625, 62(1, 628
suba'ilIatn, .503; subcarluntzi, 5(13
suliorbtcuinris, 4102 ; subquadratn,
514 ; testudtnarta, 507*, 514, 521
Tioga, 621 ; tricenarta, 507*, 514;
tubutostriata, 5(13 ; Tulitensis,
592 ; Varnixciut, 591, 602; vartca,
500*, 5(32
Orthts Suntlv. See Orthids
Orthistna, 4258, 461
festinata,
471*: orienuilts, 471*; Shurnar
ilana, 6,55
Orthricerns, 76, 481, 488, 499, 508,
511, 515. 516, 517, 520, 521, 546,
549, 551. 561, 562, 567, 568, 586,
591, 5119, 4118, 634, 625, 626, 642,
675. 705. 707, 719, 727, 786, 75(1;
AlI;imettense, 5(13; amplicamera
turn, 516 ; anelium, 514; annula
turn, 520, 551, 567, 568, 569; nrcuo
itrtitrn, 520; Barrandll, 520;
bebrv. 620; Blakel, 757 ; bulla
turn. 5(17, 5-13; coralltferurn, 516;
erotalnin, 602; desideratum, 546;
diflhiions, 503; explorator, 51)3;
fill gidurn, 620; furttvum, 503
ibex, 568, 518 ; intermupturn, 627
jiinceiun, 50(1, 54)8*, 614; laquen
turn, 50(1* ; Liidenso, 5117 ; Lutbol,
501 ; MIdas, 568; monlllforme,
524 ; rnuitiseptiini, 549 ; noble,
(1-12 ; olorus, 508*, 514 ; Ozar
kense, 500 ; pacator, 620, 621
prirnigoni Uin, 41l9, 500, 5(11, 517*
rectianru iilirtum, 50$ ; rectum,
551 ; strix, 551 ; siiblloxiiouum,
627 ; su hitiatiiiii, 4102, (12(1; to nuI
anti iilat uiii, 567 ; tell lliseptuill,
5413 ; Ira ii -ersiun, 516); vagans,
520 ; veiux, 503 ; '1rgatuin, 569
Orthocerata, 310, 497, 522, 561, 578,
Thu
on lioee'rat1tt limestone, 627
Ortlioiase, 64*8 ; augite, 84
Orthodesuin, MO ; parallelurn, 511*
Ortliolyte, 888
Orthunota, 4102, 621 ; aunts, 567;
nngiillfemn, 5(17 ; curta, 5,51 ; tin
rIlilata, 598*, 602

Orthophyrlc rocks, 77, 84
(irthopteroltls, 721, 722; Carbonic,
722 (ellinhInnUon); Carboniferous,
(377, 4179*, 691 ; Coal-measure, 701,
702*
()rthiopters, 419, 574, 600, 702,
771, 794; number of Fiorissant,
900
Orthothetos Chernungonsls, 591,
592 ; erenlstnia, 700* ; subphtutis,
568; umbraculus, 704; Wool
worUianus, 568
Orthrocene, S5l)
Orycturopus, 54
Oryctoblattlnu, 691
O sage group, (184, 687
Osars, 972
()sctllatoria, 00
Oshirna (Mt.), 280
Osrnorold.es, 8412; LewesIenst, 862*
Osinundu atlinls, 889 ; splcant, 74
()steolcpls, -lii, (121, 627
Ostracolds (Ostracodes). 421; Cam
brian, 474*, 481, 486, 487
Ostren, 780, 828, 829, 840, 854, 864,
916; acunitnata, 700; aqutla, 865;
bolilpitcata, 854; bellovaclna, 925;
btauniculata, 866; carinata, 837;
compresutrostra. 897*, 915; con
gesta, 841*, 854, 855; Coulont, 865;
crasslssitna, 926; decussata, 866;
deltoidea, 7490; dtinslimna, 866; dIe
parilis, 917; faicata, 854; Frank
lint, 836; Georgiana, 898*, 916;
glgas, 927; ghabra, 855; glandl
formis, 854; Johnsoni, 915; larva,
841*, 854, 855, 866; Liassica, 774,
790; macroptera, 865; Marsitlt,
780*, 790, 791 ; Matheroni, 8(16;
Mercoyt, SOfi; rJercrnssll, 917
prin-compreestrostra, 915; Pulns
kensis, 915; qua(lruplicata, 887;
selliefonnis, 889, 697*; solttaria,
791 ; Soworbyl, 790; strtngilecnla,
760; snbspatuiata, 854; subtrl
gonalls, 856 ; thlrua', 915; titan,
892; trtgonalts, 916; veslculnrls,
666; Vicksburgonsis, 916
Ostren selliuformis beds, 839
Ostrich, 54, 852. S71, 902
O0ultis, 843, 863; appendtoulatus,
848*, 854; obliquus, 926
Otozamitos contlguus, 791 ; lingulformis, 756*; Macombtt, 756
Otozoum, 758; Moo(IIi, 752*
Ottawa, 490, 491, 498, 494
Ottreltte, 815, 319
Ottrelttlc rocks. 82, 88, 467
Ounchita Mts., 380, 889, 782, 817
Outcrop, 99*8
Ovthos bombifrons, 999; cavifrons,
999, 1002; maxlmus, 1002; moe
chatus, 1002
Ovts, 027
Owl, 902
Ox, 54, 907
Oxfordlan group, 775
Oxidation, 122, 128; constructive
effects, 127; destructive effects,
125
Oxyiona, 918
Oxycizonus, 217
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Oxygen, 618, 122; In atmosphere of
the LithIc era, 444)
Oxyrlitna, 144, 848, 868; hastalls,
917 ; Mantdlll, 848*
Oxyrla, 240; digyna, 945
Oyster family, 840
Oysters, 5(1; analysts ofshell, 72
07.ark series of Broadhead, 468
Pachyana, 1)18
Pachycardlum Spilirnanl, 855
Pachyderms, 927
I'nehydiscus Brazoensls, 886; per
aruphus, 866; Whttneyi, 887
Pacbynolophius, 918
Pachirhlzodus, 848
Pachytheca, 564
J'aciculus, 918
Pacific border of America, 18, 24;
volcanoes of, 295, 296, 297, 987;
glaciers of, 945; submerged river
channels. 949; Triassic and Jur
assic of, 746, 756, 8(18; Cretaceous,
818; Tertiary, 865; lacustrlne de
posits of, 898
Pacific Ocean, 17, 19, 20, 31, 41, 42,
48; temperature of, 49; salinity
of, 121
-, island-chains of, 35.49*, 40, 295,
296, 393. 895
-, Islands of, 17, 20, 28 (number),
88, 89, 151, 161, 182, 227; eleva
tions in, 850
-, system of currents, 48, 44
-, volcanoes in, 295, 296, 297, 9,48
Pah-Ute Lake, 895; Range, 866,
812
Phohue, 2578, 288
Pahranagat Range, 866*, 606
Painted Canon, 758,
Pnia'acts, 6.99; cunelformis, 646;
obtusus, 646
Pahicacodon, 918
l'ahtanatIna, 4321
Palmirca, 481, 520
Paln'aspls Americana, 557*
Paheaster, 481, 516,620; Dyerl, 511
Jarnost, 510*, 511 ; magnificus,
511 ; niatutinus, 505*, 514 ; Niagarensls, 429*, 551
PaIansterina priurinva, 567
Pnla'echinus, 567
Palit'ichthyes, 4158
PaIn?inaehIus, 782
Paholodi, 028
Paln'nion, 708
l'aheobluttirio Donvlllet, 566
Palioocarnpa, 723 ; anthrax, 676, 691
Palit'oearis typus, 678*, 691
Palwoeastor Neto-asconsls, 911
PalnocreusIa, 591; Devonica, 587
Paheocrtnus, 514; strlatus, 502*,
508
Palnoctonus Appalaehtanus, 754
Palnocvchus, 567; rotuiotdes, 545*,
551)
Palnocystites Chapmani, 503; i)aw
soni, 508; pulcher, 508; tonutra
dlatus, 508
PaIaogene, 8808
Pahoohatterlit, 7(16, 7(17, 795, 797;
longicaudata, 706*
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PaIn'olngw'. 918, 919
Pako1Itb1o Man, 1011
PAIRiMhIaHOD, 550
I'ala'otnyriuox prodromu, 788
1'iwont4Io. 621 ; flIoia, 620
PaL onictit', 019, 920
PaIiuonticelih', 620
Pslaonlscoids, 417
I'aiwoniscus, 417, 608, 702, 70.3, 772;
ant)piIeus. 699 ; Ilaine'i, 170
Browni, 692
cohuptus, 707
Devonicus, 620 ; ckgan, 707;
FrIes1obcii1. 417'. 705', 71)7, 740;
gracOls, 692; Jacksoni, 692;
Leldyanus, 692; Iopklurus, 417';
peltlgerus, 692; sculptus, 170;
scutlgorue, 692
Pa1wopaIamon, 620; Newborryi,
615'
Palwophis toliaptous, 920; typhzvue,
928, 9'26
Pa1iophonus nunclue, 565
PakoptorIe Rauieriana. 704
Psl,eornls, 864
Palii'osaccus Daweonl, 497
Pojirosaurus, 713; Fraserianus, 754
Pa1aoscIncus, 856
Palwospundylus Gunnl, 1081
Pa1nosyops, 907, 918; psludosus,
907'
PaIa,otherium, 926; crassurn, 926;
outturn. 924, 926; magnum, 924,
926; medium, 926; intniniuiii,
926; minus, 926
Paln'otbriesum Freleslobenl, 740
Patapteryx. 54, 1014
Palawan, 40
Paleocene, 8801
Paleothere, 924
Paleozok, 407
- time, 460; growth of American
continent during, 714; biological
changes in, 716; mountain-mak
ing following, 729, 738
PaLinurus, 78
Palisade Range. 309, 809
-System of ranges. 857, 380, 889
-Triassic area, 740, 741, 748, 798,
199,800
Paliurne zizyphoides, 889
Psillum, 4265
Palrnscftes, 859
Palms, 58, 409' (time range), 484,
485, 879
Palo Duro beds. 884, 885, 019
Patoplotherium nnnectens, 926
Palpipes prIeus, S'
Paludina, 152; tluvioru,n, 861',
$64; lerita, 926; orblcularis, 926
Paludina liim'sturie, 64
Paluxy P431418, 417
l'anilico Sound. 224'
Pampas, 24
I'amunkoy formation, 888
Panama, b91 (Miocunt.);
630, (138
conglom-erate,
Panamlnte, 28
I'ancbet group, 698. 769, 773
Paridanus family. 777
I'anonks, 621
Panisellan beds, 925
Pinochthus, 1004

rNDEX.
Panolax, 919
l'anopwa Americans, 917; elomigata,
915; porroctokios, 916; retkxa,
917
Pamitbor Creek anthracite basin,
section of, 619"
I'antolatnbda, 917
Pantolestes, 01 M; brachystowus, 906
Panlia vtustu, 679.
PaamIayang (Mt.), 277
Pnii:iver, 240
Parubatrachus Cole), 708
l'arachises, 113S
I'aruevclas, 592, 602, 621 ; elliptical
590, 601; i)rOaYia 595', 590
Poradoxldes, 474, 475, 477, 42;
Bennettl, 475; Davidls, 491
Forebbanitmierl, 4S2 ; llarknessi,
4,141 ; Unrlani, 475, 476'; Regina,
475, 4760, 521; Sulvenels, 4,41
Tsini, 482
Prtulnxidcs beds, 467, 481, 482;
zone, 46.4
Pnragonitc', 84; schist, 845
Paraguay River, 188
Parnmorphs, 625, 67, 69, 70
L'aramys, 917, 918
Paris, 747
Parletis, 9)8
Parldigliatos, 9065
Paris, 17, 847, 926
- basin, 774, 872, 880, 920, 923
Parisian group, 884, 925
Parma sandstone, 657
Parodiceras, 602
Parornylacrls, 601
Parophite schist., 84
Parrots, 54, 928
Pasceolus, 515
Passalnco4Ion, 918
Patagonia, 20, 209, 925
Patella, 130, 471, 487, 780
PatelLina Texans, 884', 886
l'aterina, 480, 486
Patoot group (beds), 881, 840, 872
Patrlofelis, 918
Patterson Glaek'r, 240
I'atula alternata, 966; porspectiva,
966; sulltrla, 966; striatelia, 966
Patuxent River, 880
I'auwotu Archipelago, 20, 86, 87,
145, 222, 850
Paurodoim valeris, 767"
Peace ('reek, Fla.. deposits, 800,
89,21 (110114' beds)
- River, Brit. Amer., 444, 609, 746,
880; coal of, S25
Pearl slitter. $25; spar, 540
Pearlvte, 845
Peat, 74, $1, 135, 666; coin po-41ti tin
of, 6111, 713
Pebbles in Archienmi rocks, 448, 4-19
I'ebhl Ian period, 457
I'eccary, 1$
I'e-iiil-li, l9 (gmmlfl, 110(1 (liroirie.J'ecoi.terli', (.71, 1184, 699, 7111, ;.',o,
7M ; nellie, 44); urhor&',q'tqis. 654,
671', 114), 492, 7(4 ; llrowimlatma,
MI ; ('arnl.'lkana, 602-61'3. 7'':
cyntlu'a. 441; ilentata, 698, '11CO;
6'tl ; (b'ninari, 71)5; Intl.
fulls, 7u0; Mutual, 693, 704;

notate, 689, 698; orcopteritlea,
6'.)3, TO,', ;
vH tmn'4.rmmmIs, 7t)5
Plueketmeti, 69:1, 705 ; pl.-clown,
1122 ; pleroitles, 680. G'J8, 7t)5;
robustlor, 749*; serettlata, 69
unite, 680
Pecteit, 525, 756, 790, 860, 916;
Alabamknsis, 1115; anatipes, 916;
asper, S1'S, 866; Iiurlingtonensls,
855; calvus, 791 ; cluetus, 791,
865; clrcularis, $67; Clintonius,
917 ; tlucetmunrius, 0)7; tlefurmie,
757 ; dlscites, 7714; tibrosus, 790;
OrunLamnl1ciis, 983,084; Irradians,
994; Islantlkus, 988, 984, 095;
Jefrtrsuimitms, 801)', 017 ; lens, 790;
Madisomilus, 917; NilisonI, 855;
nuperus, 9113; opervuliformnis,
887 ; l'oulsoni, 998', 916; quadrl
costatus, $65; tuinquecostatus,
S54 ; $t1intoni, 880; vagans, 790;
Valoniensis, 774, 790; venuetus,
854
Pectinatod rbornbs, 4305
Pectollto, 6$
1'cctunculu aretatus, 916; quin
querugatus, 917; subovatus, 917
l'egmatyte, 535
Pci Ho, 198
l'elaglc and abyssal life, deposits
I?otu, 143-144, 229
Pelngite, 71$
Pt'lu's hair, 2795
Pelew Islands, 350
Pelicans. 928
Pellon LyclU, 682. 683', 692
Pelorosaurus Beckleali, 868
Peltoceras, 7(14; athlete, 791
Peltodus, 692
Pelycodue. 918
Petnphix Sucurll, 771'
Pen of the Cuttle-11sh, 424*5
Penarth beds, 769
Peneplanc, 2045
Pennant, 61)6
I'eitnltie chain, 695, 696
Pennsylvania, 23 (height), 24, 25,41,
856, :157, 358, 392, 888, 888, 891,
899, 405; coal-field, map of, 6-49'
copper ores, 740; Iron ore beds,
127 ; marbles, 524
-, mineral gas end oil in, 606, 607,
6411), 664, 730', 731 ; yield of, 609,
6419
-, diagram showing the courses
and ilexuros of the ridges, 729,
'731'
-, rocks, section of, 727, 729;
Pros-e
r' sect mu 0', 594, 64)11
t..pogrnilikal map of, 3.37, 2t),
7311', '781, 79I
l'eimimsyl mum ln'rIiil, 1132
l't'nobseu( hay, 544, 552
I't-nokeo-( ;..,'l.le range, 4413
L'umiokt'e-Mar.juette bolt, 446, 4-19,
454
1','iitt'otloii, 917
L'entm'rlmitss, 59, 428', 719, 758, 779
nsterlcims, 757, 758', 7110; lIriantis, 770, 790; cu1,tit-liltt1iia',
428'; docorue, 580; subangubnls,
79
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Pentnnitirella nrta, 5,41, 500
l'etitainerlds, 574
Pen Uitnt,werns inIra in, 551
Pentjimcrus, 425, 550, 552, 562,
5418 ; lit)I'CSIlS, 568 brovlrostrh4,
5411) ; caii,lat us, 567 ; coiitl, 601
concldd lain, 552, 5419 ; fern icatus,
5413; gaieatus, 564)', 5412, 563, 5(17,
568, 5419, 6241, 628; glohosus, 520;
Kiilghtli, 551, 5414', MIS, 567, 5(18,
5411); Iievls, 569; ohlongus, 520,
550, 551, 552, 5417, 508,
StlD; occillen tails, 551; pseudo
galeatus. SIlO', 561, S62; undatus,
521) ; Veruiu(il, 561'
Pentanierils, Lower, 535; Upper, 535
Pentremites, 480, 585, 591)
l'entremltes, 597, 601, 602, 641
(loden!, (MI)', 4146; ovalis, 626;
pyriforinls, 640', 646
Pentremital group, 637
1'eO(l%I(P Range, 865
Peperlti°, S0
I'eralesto4, 759*
Perarnus, 759*
Peraspalax, 'TSD'
Perch, 812, 871); family, 862, 901
Percluerus, 918
Perleentric stratification, 99
Peridot, 6
Perkiotyte. 89
Perihelion and aphelion, changes of,

Phacop, 422, 520, 521, MI, 561,
5418, 570, 571), 6841, 591, 51)9, 626;
bufo, 599*; calllcephala, 515;
Cau(lata, 5417, 568 ; Downlngii,
565', 567, 573 ; elegant;,
568
fecunda, 5438, 570; granulata, 625;
latifl-ons, 625, 626, 627; Logani,
561*; longlcaudata, 507; nupera,
614; rana, 592,599', 014; Stokesi,
567 ; trisuicata, 5(54)
Phanogams, 434-435, 505; Noo
paleozoic, 460
Plirntbunides, 591, 643; occIdentalls,
614; splnosus, 614
Pba1angtda, 691
Phaneropleuron, 418, 021, 625;
curtum, 617*, 619, 621
Pharolla flakotenl, 855
Phascolestus, 789
Pluiscolotborjum, 789'; Buoklandi,
789'
Phasma, 677
Phenacodus, 003, 910, 917, 918, 925;
primwvus, 908'
Phenocryst, 77
Philippine Islands, 296 (volcanoes),
297, 920, 921
Phlillpsastroa, 718; glgas, 590;
Vorneuhli, 5S4', 585, 590
Philllpsia, 521, 648, 676, 686, 700;
Cliftonensls, (101; major, 691
dlssourlensis, 691 ; scituln, 691
semloifera, 700*
Period, 4fl6
Philllpsite, 186, 144
Peripatus, 723
Phlegethontla, 4192; linearls, 682
Periptychus, 917
Pbkgra'an Fields, volcanic region
of, 29$
Perisphhrietes, 749. 760 ; Colfaxi,
TOO; M ühlbachi, 760; rlrgulatl Phiogopito, 05
fornils, 7414)
Phlvcta?naspls Acadlca, 616', 618
Phoberns dIec05, 59
Perlyte, 122
Permian period, 660, 689, 690; PhonIcites, 921
Pho3nix Islands, 20
foreign, 4197, 704
- in India, et,'., supposed to be l'holudella, 621
glacial. 419.; emergence of Ant Pholadomyn, 759, 780 ; abrupta,
arctic land, 787
917; cunenta, 925; Ilducula, 71)0;
Permo-Carboniferous, 685, 687
Llncenumi, 855 ; Marylandica,
Perna niaxlilaui, 378 ; niytiloides,
915; multleostata, 791 ; ovulum,
790
'Tol ; 1)aE)3'c, 855
Pholas, 157, 158; alatoldea, 015;
Perry sandstone, 594, 606
Persia, plateau of, 20 ; Cretaceous
crlspata, 983
In, 857; Tertiary In, 920
Phoriolyte, 85; columnar, 268',
Persian Gulf, 41
264' ; solubility, 122
Perthlte, $21
Phos Texanus, 916
Peru, 41, 51, 213, 222; volcanoes of, Phosgenlte, 385
296; Cretaceous in, 857, 807; Phosphates, 08, 69
Tertiary, 1)85
Phosphatlo concretions, 78, 493,
Peruvian islands, 158
891 ; deposits, 153; fossils, 814,
Petalite, 4-19
487
- rock-material, 12-74, 141
I'etalodonts, 648, 647, 705
Petalodus, 680, 692; curtus, 638; Phosphoric acid, 09, 72, 78, 74, 75,
destriictor, 650*, 692
158, 241, 663
Petrahi, 515. 520, 567 ; bina, 520, Phosphorito beds of Queroy, 920
567 ; proftinda, 517
Phosphorus, 02, 68, 128; in mineral
coal, 663
Pctrk'sIu. 1,57 ; centenaria, 911
I'OtIIOICtIoflS, 181, 185, 1,18
Phrngmltos Alaskanus, 889
Petrified forests, 135
Phrngmocerns, 567; parvum, 551
Petrod us, 692 ; oceklentalis,680',692 I'lirngmo(liOtYfl, 646
Petroleum, 522, 555, 661
Phrvnus, 124
Petrosilox, 84
Plithanocoris, 722; occldontails, 091
Petsehora-land, 776
Phthanyto, 82S
Phacocoras, 675; DumblI, 675, 676', Phylloceras, 703, 704; ptycboicuin,
691
101
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Phyllograptus, 470, 520; Anna, 500;
typus, 498'
Phyilopods, 421, 480S; Cambrian,
Lower, 474'; Cambrian, Middle,
476, 477*; Chemung, 614, 615';
Cornlferous, 586; Hamilton, 599,
000*; Lower Silurian, 521;
Paleo-zoic,
720; Subcarbonlferous, 648
Phyllyte, 80, 89
Physa, 152; heterostropha, 682
Physoter, 912, 927
Physiographic chart of the world,
40, 47', 850
Physiographie geology, 14, 15
Physospongla, 689, 646
Phytolitbarla, 163, 164'
Phytopsis cellulosa, ($05
Plchlncha (Mt.), 26, 296
PIckwell Down beds, 625
Picotlte, 88
Picryte, S8
Pictured rocks, 94', 464, 465'
Piedmont region, 24, 448
Pigeons, 54
Pikermi beds, 927
Pike's Peak, 811, 870
Pileworm, 158
Piioceras, 520, 578; Canadenso, 501;
Wortheni, 501
Pilton beds, 625
Pilularla globulifera, 486'
Pinacoceras Metternlchl, 774; par
ma, 774
Pine, 485, 486, 4367, 668, 177, 859
Pine Mountain,
543, 657
- River, 740 Ky.,
Pinite, 68, 818, 820
PinItos, 704, 777
PInna, 129, 760; afllnls, 025;
decus-sate,
8643; expanse, 159';dissouriensis, 647; Mulled, 865;
peracuta, 690
Pinnular-Ia n?qualIs, 104*, 165; borealis, 164, 165; peregrine, 487',
81)4'; viridls, 164', 165; viridula,
164', 165
PiSon Range, 3415, 788
Plans, 858, 922; abies, 74; suc
cinifer, 922
Pinyte, 84
Pipestono quartzyte, 408
Pisoilte, 96's
Pisolitlc limestone, 859
Pit River, 747, 740, 809
Pitehstono, 84S
Pithecanthropus arectue, 1036
Pitt, Mt., 296
Pittsburg coal-bed, 0(58
Placenticci'as Guadalupa, 855; pla
centa, 841, 842', 854, 855
Placoiierm, 417; Trenton, 509
Placodus, 778
Placoparia, 520, 521
Piacuna scabra, 854
Phiennopsis, 690
Plilner (Lower), 866; (Middle), 866
Plaginuiax, 768, 789, 864; minor,
189'
Plagioclase, 64
Plaisanclan beds, 927
Planatlon, 167, 169, 219, 221'
Plane tree, 881, 922
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Pianorbis, 152, 856; discus, 926;
euouipbalus, 926
Plant-beds, 983
Plantain, 812
Plants, 71, 72; geographical distribution of, 52-Go ; phosphoric
acid in ash, 78; analyses ot 74,
75, chemical work by, 1.36; protective effects of, 155; materials
for rock-making, 140, 143
Plaster of Paris, 69
Plastic clays, 8201, 25, 925
Plasticity ol' rocks from superheated
steam, 324
Phistomonus, 850
Piataimus, 831, 840, 922 ; aceroides,
839; Guillelmme, 839 ; Reynoldsii,
839
Plateau, 25, 188
-belt, 789, 748, 749, 811 ; region,
S's
Plateaus carved into mountains,
185
Platephemera antiqua, 600*
Platinum, 381, 376, 455
Platte River, 29, 885
Plattendolonilt, GOT
Piatweeras, 478, 457, 499, 561, 562,
565, 570, 574, 575, 585, 590, 50S,
602, 612, 642; angulatumn, 545*,
551 ; auriformis, 50$ ; carinatuin,
592, 602; eonlcum. 592, 602; (len
talium, 592; dnuiosumu, 5S6, 590;
equilaterale, 647; erectum, 602
Haliotis, 573; nodosum. 599; pri
mvum, 471, 47*. rectum, 602;
reversum, 647; spirale, 579 ; si-rn
metricum, 602; thetIs, 602; yen
tricosum, 562; vetustuin, 625
Platycrinus, 597, 646; Saffordi,
6413*, 646
Plarygnathus, 626
Platygonus, 919
Piatyschisma helicites, 567 ; hell
coldes, 578
Platysomus, 705; gibbosus, TOT;
macrurus, 707
Platystonia, 562, 590, 612, 621 ; NI
agarenese, 545* 551
Platystrophla blforata, 507*, 55k)
Playa, 196
Pleasant (Mt.) beds, 606
Plectambonites, 508, 550; serlceus,
507*, 514, 590, 529, 524, 550;
transversalis, 426*, 548*, 551, 568
Plectoceras, 501
Piectrodus mlrabllls, 567; plelo
pristis, 567
Pleistocene life, North American,
997 ; South American, 1002; European, 1004; Australian, 1000;
foreign, 1004; man, 1008
Pleistocene period, 890, 940, 941
Plesiatiapis, 925
Plesiosaurus, 778, 785, 790, 856, 868;
dolichodelrus, 784*. macrocepha
ins, 785*; ocdduus, 828, 856
Pleuracanthus Gaudryl, 7442, 708*
Pleuroceras spinatnmn, 781*
Pleuroccelus aitus, 836; nanus, 886*
Pleuroeystltes flultextus, 505*, 514;
tenulradiatus, 517

INDEX.
Pleurodietyon, 626
Pletirolictuis, 918
Pieuronva, 760 ; la-igata, 887 ; unl
oliles, 760
1'leurophorus elongatus, 774; sub
cuneatus, 6S5
Pleuiorimvncliuis, 520
Pleurosigiima auigul;ttuuui, 487*
l'leurotomna, 922 ; abri iiinuis, 916
Americana, 916 attenunta, 926;
beadata, 9W; eongesth, 91k;; cris
thta, 916 ; declivis, 910; II eilprini,
916; H uppertzi, 9141; muonIliata,
91"); perexilis, 916 ; rotwrleuis,
916; tenella, 916; 'l'exana, 855;
Tippanu, 555
Plourotomiula, 59, .1ST, 498, 499, 516,
520, 521, 525, 551, 562, 580, 5140.
598, 621, 649, 700, 707, 780 (culmi
nation), 799 ; A(lnnsoulana, Si) ; an
tiquata, 503 ; A ttleboreusis, 471
A ustineumsis, 837 ; biangulata, 54)8
Brittoni, S.'4; eakifei'a, 500 ca
lvx, 508 ; carbommnrin, 690 ; doceims,
50$ ; Grayvilleuisls, 690 ; grega
via, SOt) ; litorea, 5_1t*, 549 Ohio
Ousts, 516; pervetusta, 541) ; Shim
mardi, 647 ; soluirlohles, 549, 551
sl)liaruiliita, 675, (190 ; sturnintn,
517 ; suhcouiiea. 514; tuuhulata,
6T5, 690 ; turblnea, 627 ; virgu
lath, 602
Pllauchenia, 919, 919
Plic.ated rocks, effects of erosion of,
186*
1'lieation of clayey, layers, 208, 209*
Plications and plicating, experi
ments by flatibre on, 858; in
mountains, 354
Plicatula intiata, 866; placunea, 887,
865; spinosa, 79k)
Plinthosella sq(iaiflOSa, 432*
Pliocene period, SS0
Pliohippus, 918*, 919
Pliohippus beds, 585
Pliopithecus, 997
Pliosaurus, 785
Plocoscvphia iuin.andrina, 866
Plomnbkres, formation of zeolites
at, 898
Plover, 002
Plum, 921
Plunuhaginous rock. Sec Graphltlc
Pinuumbrugo, (i2
Plutonic rocks. 29S
Pluvial period, 981
Pnesupturyx, 1014
Po, ratio of sediment to water, 194)
Pocono group, 410. 634, 686, 728
Podostheumli', 489, 717H. 7241, 796
Podozau nit es Erim in onsI, 749* ; hinec
olatius, 833* ; nervosus, 8.34
Podurra. 410, 702
Po3brothoriurn, 911, OIS; labiatum,
910, 911*
Pcec.iloduis, 692
Pogormip limestone, 495, 516
l'ogonodon, 918
l'olkillt Ic group, 631, 'MR
Pulucanthus Foil, 868
Polar Bear, 950
- Ice-cap, $46

Polenos island, 296 (volcanoes)
Poliu'mteiius elegans, 704
Polishing (if muicks. Sue Scratches
I'uilmnices Burmisii, 917
l'o1vcystliis, 433*
Polyer11118, 691
Polygnatlmus dubius, 621 ; nasutus,
621 ; palurmat us, 691 ; princeps,
021 ; pumzi'tmttus, 621
Polymastodour, 917
Polynesian chain of Islands, 87*, 35,
$9
Polyonax, 847
Polyps, Polyp corals, 14-1, 419, 429*,
481
Polvpterus, 59, 417
Polyzoans, 427
l'omneruy coal-bed, 058, 654, 089
Pompeii, 2S0
Ponderosa uruarls. See Exogyra pon
derosri uumarls
I'ouuent series, 728
Porutian stage, 927
l'opnnocti-as, 4)84)
Poplar, 837, 929
Puuiiocatnpetl (Mt.), height of, 987
Polmulus lievlgata, 8.39; mulabllis
ovalis, 889; Nebrascensis, 589
priirua'a, 888
Porauuiboiultes, 521
Porcelain clay, 1, 184, 638; jasper,
s4
Porcelanvtc, 84
Porcellio, 420*
Porcupine, 798
Porcupine Hills beds, 830
Porifera, 481
Poroblattina, 691
Porocrinus, 514, 516
Pororoca, 212, 215
Porous rocks, 325
Porphyritic rocks. 77*, 88, 824
Porphyry, S4, 341*
Porphyryte, SO
Port Hudson clay, 198
Port Jackson, . S. W, cliffs at,
221*
Port Jackson shark. 648, 797
Portage epoch and group, 576, 602
- sandstone. 4)03, 605
Porte Blanche, 24S
Porthous, 544*, 862; molossus, 843
Portland beds, England, 788, 777
dirt-hod, 7Th, 770*
- cement, 79
Portland (hilvte, 411, 775; stone, 775
Portland, Victoria, 84
Porilnuidirum group, 7,114, 775
Portsdowri axis, 936
Portugal, S,'); Cambrian 'in, 484 ;
Lower Silurian, 521
Poslulonounva, 756; Bronnl, 790
velunsta, 4)27
Post-I'llocune, 940, 941
Post-TertIary, 940
Pot-holes, 18.4, 254), 949
Potaurildes lunuussectuus, 916
Potash. 01, 81; salts. 820
Potassium, (1
I'oteuitllla, 2-10
l'oterluerluius, 582, (14(1, (100 ; Cox
in its, 4)40
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Potomac group, 816
It,is1, 2(1
l'ot1inn period, Potsdam Sand
stone, "I(13, 464
Potter's clay, 8l
Putt V1II0 coal-bolls, 650, 656
- c ngIutnerite, 647
Powder River, 26(1
l't,zziiuiuna, S(I§
(128, (194
Prasui ,oIii Iycoj)erd oii, 595*, 514
Prawn,
Precession of tho equinoxes, 253
1'rtIinIt, (18
Preston beds, SIT, 886
Prestwh'Itht, Tol, 720; anthrax, 708
Dana, 977*, 691 ; longlspina, 6111;
rot tindata, 701*, 708
Priacuton terox, M-,*
I'rleonodon erassus, 886
Primal 01 Iogems, 490, 728
- 8ati,lstone, 4(18
Prinuiry, 40, SS0
I-'rliiuites. S Quadrumana
l'ritnltla, 181, 516
Primitive
.tetii, "1)S
l'r(utitlvgebirge. 44)
Primordial, 4(19, 464, 4S9
Prince Edward Islau(l, 857, 741
Periulan ii,, 664) ; Triassic, 753,

Proganoelmelys Qmmenstodtll, 778
I'rogomioblat thin, 691
Progress in cuitli 's development,
$117
I'roheenc, S80
l'rolcea,ihtes Lyonl, 648*
l'ronlontory Range, 8(15
Prontylucils, 411(1
l'iopylyte, S7, 304
Prorhynchus, 691; nasutum, 621
l'rwcorptus Osbornh, 557*
I'rosoponlscus itrobiornaticus, TOT
Prospect Ridges, 495, 783
I'rosqualodtim, 927
Prostlienie 717, 7941, 810
Protwlpliylhuin, 581
Protannimlaria 1 larkncssl, 519*
Piot aplrus, 910, 918
Protaster, 510, 562; Fombesil, 562
Imlrudo, Sill; Sedgwlckil, 567
Protaxls, 24. See also Acadlan
prota_'ds ; ppalimchiaii ; Arelnean
Rocky Mountain; also Gold
Range
Proteacea?, 921, 022
Protean group, M2, 685
Proterostiurus Spenerh, 706*
Protiehimites septemmiotatus, 475*
l'rotondapis, 1)25
Protobalanus Hamiltonensls, 600*
Protocartiluni Ilhllanum, 886
Prince Patrick Island, 749, 760, l'rotocarids, 486
71)9
Prolocarls, 720; Marshi, 474*
Prince William Sound, 240
Protocerns, 911, 1)18
l'rloniodus acicitlarls, 621 ; angula I'rotoeeras beds, 886, 81)4, 911, 918
lus, (121; arniatus, 621 ; erraticus, l'rotoclmcx Shlnricus, 520
621 ; splcatus, 621
Protococcu, 285, 436; nlvalls, 241,
Thionoevelus, 855; Woolgarl, 855
4$(1I
Prionotropls, 855
l'rotogine, S$
Pristis blsuleatits, 1125
Protogonlu, 1(17
ProhoAc hIenJIM, 1119
l'roto).n)II((lon, 917
Proenineliis, 911, 910
Protolmippus, 911, 912, 018*, 911)
I'rotolabis, 911, 0111
Prutiryas Perscilione, 900*
I'roductella, 611, 619 ; hirsuta, 621
Protollinulus Eriensb,615*, 617
huirvIllosa, (113*, 691 ; na1cel1a, Protilycosa aiithrueojhtla, 703
590; pyxltinta, 602 ; speciosa, Protopliasmulds, (177, (1714, 691, 701
620 sit burnlea (a, 555* ; sit bit lath, Protopbvtes, 407 ; Cornifertis,
59.* 601, (102 ; tnt neata, 61)2
5.3*; Cretaceous, 851); Tertiary,
Proiluctus, :101), 427*, 51)1, 592, (142,
895
61-i, 700, 105, 7,07 ; aculeatus, 427*
Protopterus. 410
Cancrinl, 704 ; cora, 690 ; costatus, Protoreotlon, 907, 918
(106, '404; tlisslmhlis, 641,2; Fle I'rotorthis Blllingsi, .475*
inI ngl, (1411; horrId its, 704, 707
Protosalvinia 718; Huronensis, 554
Ittervinosus, 5112 ; latisslinus, 704; Protosiongla, 489. 497; corunata,
498*; cyathhforniis, 495* ftmie
Leplilyl, 704; longIsiIn us, 700*,
704, 711; inesolobus, 60(1; miiri
strata, 474*, 4-sI ; Inononenut,
catus, (11)1); Nebruscensis, (175*,
-198', 500; Quebecensls, 498';
690 ; N or w 0(1111, 685 ; arvit s 4147
tetruntina, 4118'
prttIoiigtis, 696 ; punclatus, (149*, Protostegn gigas, 841)
61(0, 7(4; Rogersl, 685; scabri Prototarlies Logitni, 501
cii Ins, 703, '104; scitulti s, 64(1
l'rototherlum, 795, 927
seiniret icitlatus, 427*, 616, 690, Prototype characters. 925
711; SbiimarlIan us, 602; spe Piotozoans, 14(1, 141, 401, 409', 418,
citismis, 592; smibuculoattis, 626,
419, 481, 482; Arehiezin, 455;
621, 628
Lower Cambrian, 470
Proettis; 513, 515, 521, 552, 562, 565, Protozoic, 4((7
510, 586, 591, 648, 720 ; auriculatus, Provence, Cretaceous In, 866
61.1; crasslniurgtriatus, 557*, 591, Proviverra, 918, 925
599 ; dorIs, 614 ; (ilrvnnensls, 520; Provo, 860*, 861
latifrons, 565*, 567; mlnmitus, 614; Psammodonts, 648, 647
parvlusculu s, 51(1 ; pritelirsor, l'saininodus, 589, 643
614 ; SIAM, 551, 5417, 569
Psaronlus, 704; Erlanus, 595
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Psetidrilurus 019
Psuizdollladezmla, 779, 884; dlatre
tim,, SW ; hemuisi,hzerlcum, 790;
Moorel, 790; sezIale, 778*, 779;
Texanuni, 526
Psetidoliva, 916; scaiina, 915; tim.
bercullfora, 915; unicarinata, 915
l'seudoniomiotis, 690 ; 1iavnI, 685
Ochotica, 755; spelunearia, 707
Pseudopeeopterls, 699 ; anceps, 645,
689; tieclpiens, 659 ; irregularis,
6S9; iatlfolia, 659; rnuricath, 614)
nervosa, 659; numinularla, 61t
Psllomijelane, 71
l'siloplmvtolm, 558, 590; cornutum,
rh'ep. 553', 622
l'sitthcotherlum, 004, 917
Pterti iiomlomi, sOS ; ingemm s, 852 ; Ion
gIcems, 849*, 559
Pteranodonts, 851
Pteraspitls, 417, 557, 795
Pteraspis, 5414, 4125; Bankshl, 566*,
567; Ludensls, 567; truncata. 567
PterIchthvs, 56(1, 617, 625, (127;
('anadensis, 611 ; cornmmtus, 624*;
major, (127 ; MilIerl, 624'
Pte.mInea, 621 877 (end) ; Chemun
gensls, 618*, 621 ; Ilabelhi, 598',
64)2; hlans, 561; retrotiexa, 567,
5418; Sowerbvh, 567 ; subhevls
567; Trentonensis, 507*
Pterls aqutllna, 74; erosa, 889
Pterocera blearlnuta, 85; oceani,
7141 ; poutl, 791
Pterocerlan beds, 191
Pterodactyls, 796; Jurassic, 776
Pterodaetylus, 788, 790; erassiros
tris, 756', 788; montanus, 761
Ptemodon, 91S
Pterophvllumn, (198; Jtcgerl, 770*,
77-I ; Hlegerl, 7414*
Pteropods. 59, 72, 141, 144, 428,
424, 425'; Cambrian, 469, 472',
475*, 475*, 480, 483
Pteropsts Conradl, 897* ; lapidosa,
91(1
Pteropus, 5$
Pterosaurs, 7941, 877 ; Jurassic,
760, 7(17, 757', 788; Cretaceous,
84-4, 851. 852, 808, 870, 871, 8741
(end of tribe')
I'terotlieea, 50$, .506; attenunta, 514
Pterygotus, 557, 565, 722, 724;
acuticanmiatus, SM ; Anglicus,
623*; bllobus, 564*, 5(17
Ptllodlctva, 514, 521, 550 ; scalpel.
tutu, 567,
Ptilod us, 917
l'tllophyton plumula, 645 (last of
the genus)
Ptychuspis speciosa, 501
Ptyehites, 4186; gibbosus, 714
Ptychoceras, 855; Texanum, 855
Ptvchomlus uuainmlllamls, 855; Mor
toni, 8-48*
Ptycboparln, 500, 51(1; Adamsi,
478*; Calcifern, 501; formosa,
476'; I-Iartti, 501 ; Khngl, 476'S
Matthewi, 4741'; mlnuta, 479*
Ptychopterla, 621, 6438; Ihlcata, 621;
Sao, 621
PLyonlus serrula, 682, 688'
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Ptyonodus, 687
Pudding-granite, 97
Pudding-atone, 80, 147
Puorco Eocene lake or basin, 881*,
882, 893
-group, 880
Puerto Rico, 19
Puget group, 881
-Sound, 881
Pugnelius deasatus, 854
Pulaski shales, 494
Pullastra arenicols, 774
Pulmonates, 428, 674 (first), 676*
Pumice, 80, 84, 186, 144, 26, 276,
892
Punjab, 770
Pupa, 152, 708; Bland!, 966; con
tracta, 966; thilax, 966; inns
corum, 906; quarticarhi, 966;
simplex, 966; Vermilionensis,
676*, 690; vetusta, 676*, 652, 600
Purbeck axis, 936
-beds, Purbeckian, 411, 775, 777,
788, 789. 791
Purity of air and waters in the
Cambrian, 454, 485
Purpura, 130; canceilata, 855
Puriis, 867
Putnam County, N.Y., 24
Prenodouts, 417, 886
Pycnodus, 417, 772, 788
Pycnogonids, 419
Pygidium, 421
Pygocephalus Couperi, 703
Pygopterus, 692, 705; mandibularis,
,07
Pygurus rostratus, 865
Pyramids of Egypt, made in part. of
Numniulitic limestone, 920
Pyrazislnus acutus, 916; campanu
hitus, S98*, 916
Pyrenean basin, 857
Pyrenees, 28, 239, 265, 812; Lower
Silurian in, 518; Jurassic, 775;
Cretaceous, 866; Tertiary, $47,
865, 919, 920; elevation of, 982,
936
Pyrifusus granosus, S55; New
berrvi, 841*, 855; subduratus,
854
Pyrite, 7Ø* 123
Pyrites, so
Pyritiferous rocks, 78, 84, 653
Pyromeride, 84
PyrophyllIte, 6Sf, 89
Pyrophyflyte schist, 89
Pyroxene, 679, 85, 86,288*; rocks,
88-89
Pyroxenyte, S8, 582
Pyrrhottte, 70
Pytho, 847
Pythonomorphs, 826, 847
Quadersandstein, Upper, 966
Quadrumana, 54, 902, 008, 906, 907,
917; in Europe, 923, 925, 927
Quadrupeds. See Mammals
Quakertowu coal-beds, 650
Quartz, 15, 02, 68§; work of solu
tions of, 185-186
Quartz-andesyte, 86, 278, 206;
basalt, 206; dioryte, 8li,272;

INDEX.
(loloryte, ST ; felsyte, 272, 325;
gabbro, S7; porphyry, 84, 817;
svenyte, 85§; trachyte, S-Is, 86,
273, 814 (sec also Riivolyte)
Quartz flour from glacIers, 169
Quartzophyric rocks, 77, 88, 84
(ˆunItzose i'oeks, 78
Quartzvte, S0, 82, 112* (Jointed)
septarla, 18S*
Qiiartzytlc rocks, 83, 84
Quaternary era, 940 ; general obser
vations on, 1016
Quebec, 466
- group, 482, 490, 496, 497, 503,
527*
Queen Charlotte Islands, 747, 757,
760, 809, 818, 830, 8118
Queensland, 698, 609 ; Dtwoulaii fit,
628 ; Jurassic, 776; Cretaceous,
857
Quenstedlocoras cordil'ornie, 755*,
760
Quercus, 840, 021, 922; atigustiloba,
889 ; castanopsis, 889 ; Ellisiana,
S1 M) ; (lodeti, 589; myitiIölIa, 895*,
S96; suber. 713
Querev pliosphorlte beds, 026
Qiietto, earthquake in 1892, 375
Quicklime, 7S, 79
Quicksilver mines, 885
Quito, plateau, 26; volcanoes of, 296
Racket River, 946
Racodiscuia, 482*
Radack Islands, 86, 88, 89, 145
Radiates, 419
Radiolarian earth, 985, 986; ooze,
144
Radiolurlans, 57, 64, 72, 121. 186,
141, 144, 433*; Areha?an, 1029
Radiolite limestone, 866
Radloiltes, 820, 861, 877; Austin
crisis, 855; Bournoni, 861*; Mor
toni, 861 ; Neoconilensis, 565;
Texanus, 884, 885*, 886
fladula acuttileneata, 854
Railnesquina, 308, 579; niterijata,
507*, 514, 524; Fasciata, 503;
Inerassata, 503
Raft of Red River, 191
Raginlinla annulata, 432*
lialbi slinks, 774
Rain, causes Influencing the amount
of, 50, 51
Rain-drop, work of, 1T7, l7S
Rain-prints, 95, 178, 228, 645, 142
Rainfall, 51, 944, 945
Rainier, Mt. See Tacoma
Rainy Lake, 446
Rijuiuliál group, 698, 818
Ralick Islands, 86, 88, 89, 145
Rancoras group, 821
Rnngifer caribou, 946, 1002; taran(IllS, 946
Ranunc,il,is, 240
Raphistoina, 5041, 520, 521 ; lonticulare. 5II7, 514, 524, 567 ; multi
volvattim, 501 ; Pepluense, 501
pIanIst iiiiin, 54)8
Rappalian iiock freestones, 816
Raritan lied 4group), 815, 821
Rut, rJ, 156, 797

flaton coal-fIeld, 364
itaton Mts., 898
Rattan, 485
Rattlesnake, 689
Ihtnclivacke, 697
Runhkalk, 601
Raurriclan group, 790
Rays, 415, 418
liizor stone, 8S
Recent period, 1012
Receptaculltes, 497*, 518, 515, 516,
560, 584, 597; elegantulus, 497*,
500; globularis, 513 ; infundibull
formis, 562; lowensis, 518 ; Nop
tunt, 517, 524, 569; Oweul, 513,
515
Red Bluff group, 889
Red Crag, 1)21
Red Deer River, 847
Red earth, 184
Red inui'l, 542, 627
Red ocher, 70, 126, 881
Red porphyry, S6
Red RIver, 191 (raft), 819, 885, 888,
895
Red River of the North, 947
Red Sea, 21, 41, 200 ; volcanoes of,
995, 290
Red Wall Group, 4419, 658
Red wood, 881, 859, 980
Regelation, 245
Reindeer, 946, 950, 1018
Reindeer or Mesolithic epoch,
997, 1009
Rernopleurides, 520, 521
Ronsseherla, 562, 578, 579; ovoides,
575*, 5'7()
Rcnsselaerlte, 320, 458
Reptiles, 54, 55. 414; reIgil, or era
of, 737 ; Permlan, 6S7, 706, 726;
relation to Birds, 794, 795
Ilequtenla, 577 (end of genus) ; am
monia, 865; Lou sdalel, 865; ob
longa, 8415; pataglata, 586; Texana,
584, 535*, 5811
Resins, 74, 1-13, 712, 718
Respiration, 186
Reteocrlniis, 516
Reteliora, 427
Rctzla, 627
Rhabdoceras RussellI, 757
lihahdiiceras bed, 151
Rluii'ophvilltes, 7411)
Llhru'ophvlluni, 699 ; Brownil, 611
tilicllorme, 689, 705 ; tiabellatum,
1145; lactuen, 689, 693, 705
Rluidinichthvs, 6112
10111-tic beds, 788, 700
Iiha,unus tioldianus, 8,19 ; reetiner
vls, S89; sallelfolius, 889
Rhumphorlivnclins, 788, 790; phyllurns, 787*, 788
ithea, 54
lIlit'nan beds, 4126, 4127
Mine, 169, 1711, 191 (denudation ,
105 (hiss), 570
Rhinoceros, 54, 902, 94)7, 0149, 910,
911, 027. 928 ; Etrtiseus, 927
hem I tu't'li 11$, 11)1)5, 1006 ; InclsI
Yns, 027 ; megarhlnns, 0'27 ; pro
torus, 104)1 ; ScllIt'Ierma('herl, 1)27;
tichorhi mis, 1094, 1005, 1006

INDEX.
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1flilcarps, 4$5, 486, 584, liii,

River systems, 25, 20, 80
- valleys,
excavation of, 178
Rliizoeriiiii, )
buried, 204, 984
Rliii.taius, -117, 1192
- waters, analyses of, 121
Rivers lengths and drainage areas,
RlkiZopi)4i5, 511, 72, 140, 432, 817
rCl1ILflii, -154, 455
80, 172, 173 ; special points In
ItlioiiaiuIan, 851), 865
fluvial history, 2113-204 ;
Rhode [stand, mean height of, 28
and deposition by, I trans-portation
coal-tw(ls of, 634
24(2 ; distribution of transported
H h(o1loeri iiiis, 597
material, 11)1; velocity of, 17
Rhone, slope of river, 178; dis
workiuig-power of, 178-177
charge o1 dt'tritiis by, lOt)
Roan Mts., 901, 1)46
- valley glaciers, 235, 288, 242
Hohiuuia, 1421
1hoLoin agittn , S59, 866
Roche-Moutoniue Creek, 250
lfluis, 1)21
itoeltes moutonnées, 2S0*
Rhivitcliorejiltalla, 54, (1ST, 706, 705, Rock-cities, 1104, 647
8511
Rock-flour, S1, 248, 251, 041
Rhynehodus secans, 559k
Rock-making, 1-1O
R liv neltoil tes, 4124§
Rock salt., 820, 552, 558, 55-4, 769
H liv riehotielht, 425, 12(1*, 516, 517, Rockford shale, 6011
520, 5541, 552, 5112, 568, 579, 1142, Rocks constituents, 61 ; kinds of,
701), 711), 7511, 157 ; acutirostris,
75; organic constituents, 71-75,
503 ; athinIs, 5118; altilis, 503 ; hi
140-141, 458; structure, 90w; ex
detitata, 5(19 ; cupax, 507, 514;
pansion, 259
castarlea, 51)2; couhlirossa, 865; -' volcanic. See Volcanic
conch nna, 710), 71)1 ; cantracta, Hoekwood beds, 577
6l$', 1121; corailina, 790; enboides, Rocky Mountain ChaIn, 389, 748;
503. 1101, (122, 625, 627, 628; Cuvi
protaxis, 24, 444, 461, 464, 488,
en, 866; decorata, 71)0; dublit,
400, 746; sliver and lead mines,
503 ; d uiilicata, 592 ; exirnla, (120
876
inconstns, 779 ; Laura, 502 ; Mar Rocky Mountain region, Archwan
tini, 51111; navtcula, 5(17; neglecta,
In, 444; Cambrian, 4(14 ; Lower
551, 567; nobilis, 5112; nucula,
Silurian, 494, -105; Tpper SUn5437 ; obiata, 579; obsoleta, 790;
nan, 541 ; Devonian, 575, 581
orietitahis, 503 ; Petrocorrien sis,
Glacial, 944; Subcnrhoulferous,
6116; pigmaa, 71)0; ph3na, 502
689; Carboniferous, 684, 685,
65S; Triassic and Jurassic, SOS
pleiirotlon, 1128; plicatilis, 8(16;
812; Cretaceous, 814, 815, 618,
psittacea, 42)3*, 98-1; pugnus, 620,
62s; so' ni pilcata, A62; sin nata,
827, 820, 88, S65, 850; Tertiary,
51)2 ; soeiaiis, TOO; spociosa, 571)
582, 857; elevation during, 983,
935
spinosa, -490; Strickland!, 567, 5(19,
573 ; siibangiilata, 71)0 ; tripar Rocky Mts., 24. $j*, 51; glaciers
Lila, 520 ; vuniahilis, 791 ; varians,
of, 94)); changes of level In, 847
,90 ; vontrkosa, 560*, 569 ; Wit
making of Laramide Nits., 874
soni, 562, 5(17, 5(10, 573
volcanoes of, 296, 987
Ithvndmnehlhhs, 1)22
Uomingerln, 570; cornuta, 554*,
51)0
Rtivnciiophorn, number of Fioris
sant, 900
Rooting-slate, S0, 92,119, 118*, 870,
Ehivitchosaurus, 778
$71
Rhvnchotrcta cuneata, MS*, 551, Roots, acidity of, and the corroding
5)19
effects, 18(1 ; destruction by, 157*
Rosa, Monte, glacier region of, 286,
Rhvolvte, S4, 7, 272, 273, 276
287, 248
P.hvtiIuL Stelkri, 1015
Rosendale cement. 555
Richmond (Va.) basin, 858, 7-42, 7511
coitl areas, 748. 755 ; inftisoriai Rossberg landslide, in 1506, 208
earth. 594*, 895; Triassic area, l1osso antico, S6
Rostellarin, 922 ; nobilis, 854
7-40, 7-41, 113, 799
Rota Island, elevation of, 350
Hnlges, 28*
Rotahla Iloneaun, 422* ; glohulosa,
Ritl'elhiorn. '248
482*
Hill-marks, 95*, 538
Rinit-lia. 9111; laquenta, 916; Tcx Rottullogendo. 697, 706
Rotifers, 423, 455 720, 721
ana, 1)16
Rlnggohl and Rogers Exploring Ex Rohihmflahana Lake, 805
Rotten limestone group, 815, 828,
pedition, 927
894, 848, 8,54
Ringicuin blplicata, 916
Ruhkuiumn, 835, 449
Rio d&' In Plain, See La Plata
Rubv, (i3
Rio Grande, 817, 519, 855, 885
Ripley epoch or group, 815, 821, Rudistes, 840, 841k, 854, 861*
S-to. 854, 873
lTtupelian beds, 926
Ripple-marks, 13, 80, 94, 95*, 161, Runtitu Islands, 87 ; elevation of,
850
223; Cambrian. 464, 464
Risson Cliastelil, 926
Rimsophycus bilobatus, 54,5*, 5.46
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Russia, 84, 167; npturnlngs In, 680,
734
-, Cambrian in, 482,484, 518;
Lower Silurian, 518, 521, 588;
Upper Silurian, 588, 568, 566,
567, 5(18, 529, 578; Devonian.
627; Subearbonlferou8, 693, 696,
704; Carboniferous, 61)0, 693, 697,
71)); Permian, 68(1, (197, 707; Tri
assic, 7(15; Jurassic, 764), 775,
776, 7911. -194; Cretaceous, 857
Tertiary, 9'28
Rutoceras, 51)1, 602
Ruwenzoni, Mt., 38, 296 (height)
Sabal, 5.97, 021 ; major, 938
Sahine River, 869, 890
Sable Island, 44-4, 044
Snecanmnitna Cartenl, 700
Snecosomna iiecttnaln, 77S*, 779
Sacramento River, 80, 609 ; valley,
7-ID. 811, SIS, 820, 880. 895
Saganaga Lake, 448
Sngeeerns, 750; Ilnidhngeni, 757*
Sagenaria acuminata, 1146
Sagenoptoris, 61)5, 704
Saghalien, 4(1
Saguenay River, 94.8
Sahara, desert of, 51; plateau of,
26,34
St. Casslan beds, 769, 774
St. EOns, ML. 25, 288, 289, 240
(glaciers), 251, 390
St. George's Shoal, 881, 689
St. Gothiard tunnel, fossils, 310
St. Helena. volcano of, 290, 291
St. Helens Island, 521, MS
St. Helens, Mt. 296. 945
St. John, NB., elevation, 850
St. Lawrence Bay, 461, 541, 544
- channel, 526, 571
-Gulf, 444, 588, 587; coal making'
In, 708
- River, 40, 171, 586; depth of,
94S
- valley in the Champlain period,
St. Louis limestone, 684, 687, 688,
646, 647
St. Mary River series, 830
St. Paul's Island, 867
St. Peter, Lake, 542
St. Peter's [stand, 867
- sandstone, 186, 491, 493, 494, 782
St. Vincent Island, 163
Siuhmunamler, 415, 920
Salenia, 840, 860
SaUna beds, 559
Saline deposits, 110; etfiorescenees,
188, 1(10; springs, 200, 558
Salinity of the ocean. 121, 214
Salisbur-In, 58, 425; nann, 888;
Sibirica, 5$3*
Smihix, 85-I, 922; angusta, 830;
Meekil, 887, 535*
Salmon. S12, SIll ; (limily, 862
Salt. 63 (see also Rock salt); Ink",
110, $SI ; making, 120; pans, 120,
188, 184, 554, 791 ; water, subter-.
ranean, 320
Sail Lake City, 3)30*, 8(11
Salt Range, India, 488, 698, 770, 776,
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Salt-works of Sauna, 553, 554
Salterella, 471 ; BilllngsI, 516; Mac
cullochi, 573; pulehella, 471, 472*;
rugosa, 578
Salton Lake, 200
SuLti)iistail Ridge. SU1
Saltpeter, 68l. 187
Salvinia, 584, 718; natans, 435,436*
Samoan Islands, $6, 88, 145, 288,
297
San Bernardino, Pass of, lOt)
San Francisco Mountains, 660
peninsula, 884, 892; River, 8S5
San Gabriel Range, 892
San Juan Mts., 868
Sand, 75, 76; barriers, 223, 024*;
bars, 192, 193, 202, 212, 216, 225,
226*, 227*; hills on sea shores,
94, 155, 161, 162; rock, 90;
scratches, 160; spits, increase of,
228, 224
Sand-blast, carving by, 161
Sand-flea, 420*, 421
Sand-worm, 428
Sandstone, 80; dikes or veins,
844*, 811, 876
Sandstones of Condros. 625
Sandusky limestone, 551
Sandy 1-took, formation of, 224, 225
Sangay, 26
Sangre de Cristo Range, 266
Sanidin, 84, SS; trachyte, S4
Sannionites, 501
San noisian stage, 926
Santa Cruz beds, 927; Islands, vol
canoes of, '296; Mts., 892
Santa inez Range, 892
Santa Lucia Mts., 892
Santa Maria Island, elevation of,
849
Santa Monica Range, 892
Santa Suzanna Range, 892
Santee beds, 888
Santo Domingo. 19, 935
Santonian, 859, 866
Santorin Island, 296 (volcanoes)
San hirsuta, 481*, 482
8a Miguel, geysers of, 808
Sapindus. 838, 896; Morrisoni, 888
Saportiea, 685
Sapphire, 64
Sapphlrina Iris, 420*, 421
Sarclnula, 640; obsoleta, 511*, 515
Sardinia, Cambrian in, 4-S'2; Upper
Silurian, 563, 564
Sargasso Sea, 45, 121, 143, 156
Sargassiiin. 437
Sarmatian stage, 927
Sarotes venatoriiis, 16$
Saskatchewan River, 29, 208, 947
Sassafras, 812, 831, 837, 879, 921
Cretaceiini, 887, 58Ø
Sat valley, 240
Saurichthys, 772; apicalis, 774
aurocephalus, 862; lanclformis, 844
i4aurodon tanciformis, 844
Saurodonts, 826. 848, 862
Sauropods, 701, 762-764, 786, 867
8auropus pi1mivus, 645*
Saussurite, 65w, 88, 818,819; rocks,
82, 88
Sage Island, elevation, 850

INDEX.
Savali, 283
Saxlcava, 157; aretica, 988, 984;
rugosa, 084, 995
Saxifraga, 240; oppositifolia, 045
Saxon)-, Ai-ehaan In, 455, 456;
706, 707; Triassic, 708
Per-mian,
Scalaria, 916, 1)22; Bowerbankil,
925; Granlandiea, 9184; Hercules,
854; Slllimani, 854
Scalent series, 728
Scales, Fish, analysis of, 73
Scalites angulatus, 54)9*
Scandinavia, 82, 43, 256;ilords
of, 94s; Archa'an in, 456; Cain
brian, 482; Lower Silurian, 521
Upper Silurian, 56), 568, 569,
573; Cretaceous, 857; Glacial,
948. See also Norway; Sweden;
etc.
Scandinavian plateau, 19
Scaphaspis Ludensis, 567
Scaphlocrlnus, 640, 690 ; Missouri
coals, 640, 046
Seaphites, 854 ; a'qualis, 866; Con
mdi, 549*, 854, 855; (Ieinitzi, 866;
hippocrepla, 854 ; larvaforu11s,
842*, 848, 855; noilosus, 855; 1)111
cherrlmus, 866; Texanus, 855;
ventrlcosus, $55; vemniifommls,
855
Scaphodus Liidensls, 567
Se.aphopods, 424
Scapolite, 65, 79, 810, 318, 320
Sear limestone, 695
Scaumenacia, 621
Scelklosatirus, 787
Scolidotherlum, 1003
Scenella, 482; reticulata, 472*; retnsa, 472*
Schillerlzation, 821
Schist, 83, S4
Schistose rocks, 82, 88
Schistosity,118, 871
Schizaster atavus, 866
8chIzobolu truncatus, 612
Schizocrania filosa, 507*, 544
Schizocrinus, N32; nodosus, 514
Schizodus, 61)2, 621, 687, 707 ; am
plus, 690; Cliesterensis, 647;
(lubius, 71171 ; ol)seurus, 707
quadrangutitris, 621); Ilossicus,
655; Sehlnthelinl, 707; truncatus,
707
Schizopods, 489, 708
Schizothoriiini, 91$
Sehierri (i,)loIi)yte, 774
Schiu'nbaelila l3etknapl, 836 ; ens
tata, 9415 (lei] tjito-calinata, 855
inIlata, S65 ; l'o cii viiion, 886
Van aiiM,
; vnrk'i sti, 865
Schlo'nbnelila clays, 486
Sehoharki epoch, 410, 576, 579 ; grit,
676, 579, 547, 590, 591, 601, 628
Sehunl rock, 45
Selitivlkili River, 816
Seirini s, 7,5; ((ol1iltOSlis, 946
Sciurits. 910. 914
Seiiitlitis, 421, 4-M; linearis, 477*
5col 'I ieroi ia. 419, 724
Seoria, 266, 267w, 29l, '282
Scoriaceous invas, '280S, 28l, 208;
rocks, 78

Scorpions, 42)), 564, 722, 724;
Upper Still'-fat), 550, 565, 1174,
722 ; Devonian, 575; Carbon
iferous, 677, 691, 701*
Scotland, 155, 918, 2214, 258, 238, 453,
584; Archwan In, 453, 456, 157;
Cambrian, 457, 481 ; Lower
Silurian, 518, 524), 524 ; Upper
Silurian, 568, 565, 573; Devo
iilnii, 622, 628, 625 ; Snbcar
boniferoiis, 695; Carboniferous,
709, Tn) ; Permian, 4397 ; Triassic,
768, 778 ; .Jurassic, 775; great
thrust movement in highlands
of, 584
Scratches, 95, 96
Scratching by drifting sand, 160
by icebergs, 252; by slides of
rock, 240*
Scutella, 559
Scuteiia limestone, 559
Seyphia (ilgitatn, 513
Scyphian-Kaik, 79')
Sea-anemone, 481§
Sea bottom, changes In level of,
845, 348, 949
Sea water, salts of, composition of,
120; dotomlzation by means of,
184
Seals, 415
Seani, 92
Seaweeds, 56, 75, 143, 155, 486
Secondary formations, 738; minerals,
820, 323, 332, 840, 841; rocks,
40S, 880
Secretary Bird, 923
Section, general, of geological series,
410*, 411*
- of Adirondacks, Can., 452*;
Appalachians, i09*, 109*, 355*,
850*; Arehican, 451*; Bald Mt.,
N. Y., 52S*
- of Coal-measures at Trevorton
Gap, 650* ; Coal-measures near
Nesquehoning, '49*
-of Colorado Plateau, 110*, 363*
Cumberland Table-land, Tenn.,
350
- of Dent do Morcies, 807*; Mt.
Enlus, Vt., 530* ; at Genesee
Falls, 01*, 542; of Gmcvlock ML,
Mass., 530*
- of hamilton beds, Lake Erie,
594*; Hawaii, 269*: Himalayas,
82*, 808* ; Jurn Mts., 868*
- of Mt. Los, 296* ; of Portland
dirt-bed, 776* at Niagara River,
549* ; of Palcozole at I'ottsville,
650*
- (Prosser's) of Now York rocks
near Rochester, 005; (Prossor's)
of Pennsylvania rocks, Munroe
Co., 51)4, OtIti
- on the Schuvikili, Pa., 65O
(,fSIlflke Mt., Vt., 529*; Taconie
Range, near Mont,iiorenci Falls,
527*; Tennessee Rocks, 856*
Timpaliuto liange, 866* ; Utah
ore-beds, 339*
- showing cavern-making iii limestone, 130* ; of decaying littlestone, Awonin, N.Y., 126
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SCfltI()fl of Alps, 1020, 110*; Car
honato 11111, Leadvillo, 841'
i)iil-tii(itsics, 4151-02, oso, 1147
KiIa,iea, 9S4*, 2S5
- of Lariuni,le Mountain range,
Brit. A., 859"
Sediment, 76, 107§; ratio of, to
water, 190
Sedimentary rocks, 167 ; sedlinen
tatlon more rapid in salt water
than in fresh. 209, 210, 217
Seilumn rhodiola, 945
Seeds, transportation of, 156, 168
Selelies, 202
Seine, 191
Seismnograjhm, soisinomuter, seismo
scOi)e, 875
Selueiiiamms, -il5, 416'
Selaginella, 718
Selenium, $81
dkIrk Nits., 240
Selvage, 882
Semiieho Stinipsoni, 927
Swinii1ii SU1)tllitfl, 675*, 685, 690
Semi-oviparous Mammals, 415
Seneca Lake, 603, 605
Senonian group, 815, 858, 859, 860,
sOO, SOT
SS epia, 424
St'ptaria, 07', 138' (quartzytc)
Sepulchre Mt., 937
Sequantan group, 790
Sequoia, S16, 881, 837, 840, 859, 921,
939; amnbigun, 838; gigantea, 039;
gracilis, 834; Langsdort)1, 921
Leichenbaehi, 834, 889 ; Smittiana,
3*, 834
Semi series, 728
Sergestes inohtis, 52
Sergipian group, 867
Sericite, 65w; 8ch18t, 84, 88, 89
Serlcitschiefcr, 84
Series, 4416
Scrolls, 420*
Serpentine, 6S, 819
Serpuin, 428
Serpulldie, 59
Serpulites (IISSOIULUS, 515
Serripes Grcenlandieus, 988, 984
Sertularla, 430's; abiotina, 480';
rosacea, 480*
Sevier Lake, 110
Sowickley coal-bed, 651
Seychelles Islands, 787
Shakopee limestone, 493
Slink, shaly structure, 80, 92
Shian-a-hin Mts., 32
Shansi, 696
Slizum-Tu ng, 198
Sharks, 56,
(analysis ofbones),
415, 416'; teeth of, dredged, 144.
See Selachians
Sharon coal-beds, 656; conglomer
ate, 648, 656
Shasta, Mt., 87, 267*; glaciers of,
240, 945 ; height of, 296
- group, 818; Aucolln of, 884
Shasta-Chico series, 809, 815, 820,
880, 868
Shawangunk grit, 538, 589, 541
- Mts., 588, 940
Shawnee coal-bed, 828

SI hear-zones, 111g. 322
Shearing, 16S, 216, 822
Sheep-backs, 95fl*
Shell-beds or heaps, 08, 15S; of
Maine, 983, 0114
Shell Bluff, Ga., 916
ShelI.limiiestone, 7D, 151 ; marl, i9
Slicmmamloah valley, 857
Shommango group, 635
Sheppey, Isle of, 921, 92.3, 925
Sheridan, Mt., height of, 290
Shetlands, 87, 918
Shinarump Cliffs, 747
Shipworm, 158
Shoal Creek limestone, SIT
Shore-lines, elevated, in region of
Great Lakes, 906; about Lake
Winnipeg, 985
Shore-platforms, 220, 921', 222'
Shoshonc Lake, 200, 805
- Image, 866, 045
Shot, angle of rest of, 165
Shrimps, 420, 4438, 015*
Shrinkage cracks, 94*, 464
Slam, 22
Siberia, 32, 100, 195, 776, 794, 888,
927
Sicily, 296, 481, 921
Sidorite, 69, 126, 844, 449, 664,
665
Sierra Blanca, 874
Sierra Chain and System, 865, 889,
811
Sierra do Sauna, 892
Sierra Madre, 444, 758
Sierra Nevada, 25, 27; buried river
valleys, 204; volcanoes of, 296;
river systems of, 934; glaciers
of, 240; upturnlngs at close of
.Jurassic, $09, 514; elevation in
the Tertiary, 366, 032
-, Arcluean In, 4-14; Upper Silu
rian, 810; Carboniferous, 685,
659 ; Triassic, 746, 747, 758,
S09; Triassic and Jurassic, 789,
809; Jurassic, 858, 7-18, 760, 809
(close of), 810, 982 ; Tertiary, 866,
888, 887, 892, SOS, 034 (elevation),
085, 937 (eruptions); Glacial, 045
Sierra San Carlos, 820
Sigihlaria, 611, 030, 654, 667, 008,
652, 689, 699, 699; Brardil, 689,
698, 705; llahii, 505*; Lescurii,
689; nuunmilhanis, (389 ; Menardi,
689 ; inonostlgma, 689 ; palpebra,
622 ; Pittstonana, 665*, (3SS; 81111
munl, 668', (385; tessehata, 689;
Vannxoml, i09
Slgilharlds. 61'S, 712, 718, 750 ; Car
bonlferous, 669, 670, (372, 688;
Coal-measure, 653; Permian, 084,
704, 718 (last)
Sileiie, 240; acaulis, 945
Silesizi, SS ; Coal-measures in, 696,
702, 708
Silica, 62, 63, 135-136; as a solidi
tier, 328
Silicates, 62, 68, 64-08
Siliceous deposits, 82, 152, 805, 306,
808, 309, 885, 441
-Claiborne, 885, 898
- group, Tenn., 688
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Siliceous organic rock-material,
140, 141
- rocks, 80, 81, 82; slate, 82
- solutions, 82, 94, 97
- sponges, 481
SlilcIfled wood, 125, 185
Silicon, 62, 63; fluoride, 66
Siliery sandstone, 467, 496
Slihlnianite, 310
Silt, Sl, 150, 167, 177, 100, 198,
628; of rivers, amount of, 190
Silurian, 585
-and Cambrian, history of the
terms, 463, 4(l4, 489
-, Lower, 49; European, 517
economical products, 522; gen
eral observations, 524; the Cin
cinnati uplift at close of, 887, 532,
587
-, Upper, 5.35; foreign, 568; gen
eral observations, 570
Silumic era. See Silurian
Siiuroids, 843
Silver Canon, 866'
Silver Cliii', 840
Sliver-moth, 702
Silver Peak, 409
Sllverado, 788
Slmeto, erosion of the, 194
Sirnocemas, 798
Simosamirus, 778
SInd, 299, 770, 925
Sindree, changes of level at, 849
Sineinurlan group, 775; (Lower),
700
Slngaia Mt., 868*
Sinopa, 918
Sinter, S2
Sinupalhial, 425
Sioux qunrtzyte, 468
Slphocypra'a problematica, 917
Siphmonania Penjinte, 927
Siphonoma, 508
Siphonia lobata, 860*
Slphonotreta, 521; ungulculata,
427'
Sitornys, 918, 019
Sivatherium, 927
Siwahik Hills, 928, 927, 988 (TertIary
beds), 980
Sklthiaw slates, 517, 519, 520
Skye, 938
Slate, S3, 92 ; siliceous, S2
Slates, auriferous, 748, 759, 800
Slaty cleavage or structure, 77, 92,
112, 113*, 870, 871
Slaty Peak, Col., height of Creta
ceous rocks. 085
Slatv rocks, (16
Slickeimsides, 96, 108, 111
Slirnonia, 5(37
Slope of loose materials, 165
-of mountaIns, 26, 27's; of Rocky
Mts., 26'
Sloth, 54
Smnaragdlte, 88
Smilax, 435
Sumilodon, 1000
Smithsonite, 342
Snails, 494, 425*
Snake Mt., fault at, 527, 528'
Snake River, 800, 805; plains, 988
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Snakes, 415, 848; Carboniferous,
726; Cretaceous, 848, 870; Ter
tIary, 202, 901, 928
Snow-drifts, 162
Snow-line on heights, 288, 284
Soapstone, 67, 65, S9
Society Islands. See Tahitian
Soda, 6l; In plants, 74, 75
Soda-granite, S6
Soda Springs, Idaho, 746
Sodalite, SI, 8,5, 4-19, 876
Sodium, 61, 63, 120
Soil, S1; moved by frost, 281
Solarium ornatum, 866; planorbis,
836; trillratutu, 916
Solernya, 602
Solon, 425, 916, 917
Solon beds, 892
Soleuhofen, 776, 783, 784, 786, 7SS,
796, 852
Solenocoras annulifer, 854
Solenotnya radlata, 690; vetusta,
590 (first known)
Solenopora compacta, 514
Sollhtaras, 128, 265, 278, 283, 298,
295, 834
Solidification, 258, 264, 826; of the
earth, 876
Solids, flow of, 851-352
Solitaire, 1014
Solotnan Islands, 86, 88, 156
Solution, 118-122
Solva group, 481
Sotnma, Mt., 276, 291
Sonora, 747, 748 (gold placers), 749,
755, 756
Sorata, Mt., 27
Sorrel, 945
Souris River beds, 880
South Africa, 406; united with In
dia, 873, 937; and Australia, 874,
937; no fords, 948; Paleozoic
in, 699; Carboniferous, 699; Permian, 698, 699, 707, 787; Triassic,
707, 737, 770, 778, 71 ; Jurassic,
791 ; Quaternary, 1019
South America, 16, 18; mean height
of, 23; surface features of, 80;
volcanic cones of, 274; elevations
of, 847, 874, 877: cordilleras, 300;
fords of, 948; Arehwan in, 442,
45': Cambrian, 48$; Devonian,
627; Carboniferous, 682, 659,
693, 711 ; Cretaceous, 857, 867;
Tertiary, 865, 456; elevation
during, 927, 925; post-Mesozoic
mountain-making, 874; Glacial,
945
South Carolina, mean height of,
23; phosphatte deposits of, 153
earthquakes of, 373
South Dakota, mean height of, 28;
Cambrian in. 464, 468, 476; NOt
gara, 541; Cretaceous, 828, 888,
856; Tertiary, 909
South Mtn., Pa., 465, 582
South Park, 495, 886, 893
South Shetlands, 296 (volcanoes)
Spain, plateau of, 26; volcanoes of,
296; Cambrian In, 454 ; Lower
Silurian, 518; Upper Sllurian, 568,
578; Subearbonlferous, 698; Car-

INDEX.
bonifernus, 69$; Jurassic, 775,
708; Cretaceous, 857 ; Tertiary,
090, 032
Spalneodon, 926
Spalacotherl urn, 759*
Spanish Peaks, 296, 818, 876
Sparirncian group, 925
Spathiocaris Ernersoni, 620, 621
Species, difference in, attending dif
ference in environment, 402
Siiet'iiic gravity in relation to fusibility, 804
SiceuIar iron, TO, 83, 578 ; rocks,
58
Speeton Cliffs, 865
Sperm Whale, 912
Spermatophulus Eversmani, 1,56
Spha'rexoclius, 521 ; inirus, 520,
565*; parvus, 503
Splueriuiii, 152, 856
Splueroceras, 760
Sphreroeystltes, 562
Spharophthalrnus, 481
Slmwrospongia, 596; tesselata, 597*,
601
Sphmerozouin orientate, 483*
Sj)hnrulites, 861 ; Iiceninghausl,
861*; Texanus, 88
Sphagnum, 78 (ash), 158; commune, 74
Slhaierit', 70, 125, 888, 840, 542,
637
Sphenacodon, 688
Sphene, UT
Spheuella gincialis, 699
Sphenodiscus leuticularls, 854
pleurasepta, 855
Sphenodon, 687; punctatum, 54
Sihenolepidiu1u, 881; Virginicumn,
884
Sphenophyllum, 639, 671, 685, ODS,
609, 704; antiqumn, 622; emarginatum, 689; filiculme, 602, 693;
longliblium, 659, 704; Schlotht±irni, 671*, 689; vetustum, 55$*
Sphenopteris, 689, 671, 685, 659,
693, 698, 699, 704 ; arguta, 791
cristata, 645; Ilaceida, 626; furcata, 689, Gravenhorstil, 670*,
689; Grevilfloides, 838; Ilartti,
622; Iliidrethi, 670*, 689; hitch
cockiana, 622; Ikcninghuuisl, (122;
IIookeri, 626; I-Iurn plirieslrnutt,
62(1; ,1antolIi, 881, ",132*; Schimu
pen, 704 ; spiuiosa, 689 ; trldactvl
ites, 6,,9; \'nidensis, 884
S pOe no pteri iiIn oh(LI sum ii, 646
8phenotuu,t'i2 I ; contractus, 621
Sphcrophyrie, 77 ; rocks, 8$, S-I
Spherulites, s4, 9(3, 1(7, 289, 888
itmyradocera$, 591
Spluvremmids, -I$
Siiicmmles of sponges. See Sponge
sjIcu les
Spiders, 141, 163, 420, 525, 722, 723,
724 ; Upper Silurian, 574 ; Devonian, 575; Carboniferous, 657,
674, 677, 701, 722 (first);
Paleo-zoic,
722, 728, 727; Tertiary, 898,
gill
Spinax Blaluvilill, 4i6
Spinel, 818, 440, 453

Spirlfor, 310, 401, 425, 426*8, 559,
561, 562, 568, 579, 592, 606, 642,
705, 710 ; UCLI III I muituis, 555*, 590,
591; alatus, 71)7 ; IOWA, 612; arenosus, 578, 579 ; arreettis, 579
aspor, 602 ; bimnesialis, 602 ; biplicatus, 642*, 64(3; borealis, 758;
canaliferims, 625; carlueratus, 675k,
685, 690; Clan Ilyanus, 707; Con
radanus, 5(11; Cooperensis, 646
crisI)uIs, 568, 567, SOS ; cultrijugatuis, (326, 627 ; curvatus, 625; cuspidatus, 703 ; cyclupterus, 562,
563 ; decuissatiis, 626 ; ulisjunctus,
370*, 592, 612, 613*, 621, 622, 625,
626, 628, 703; Iluwonti, 626;
duodenarius, 591; elevatus, 567,
5(18; exporrectns, 520; flmbnia
tus, 591, 601, 602; fragilis, 778,
774; gigamuteus, 870*; glaber, 627;
7(10*; gIaber (var. contractus),
647 ; granullferus, 601 ; gregarius,
585', 590, 591 ; llungerfordi, 602;
hystericus, 025; incrassatuuu, 704;
increbescens, 642*, 646; Keokuk,
(146; imevlcostatus, 625; lavis,
612*; llneatus, tWO, 704; Logani,
646; mnacropleurus, 5410', 5(31,
569, 563; Manioimensts, 602, 646;
Meeki, 6-10; mnesacostalis, 620;
nwsastrialis, 621); niucronatus,
601 ; Münsteni, 774; Niagarensis,
545', 551, 563; Pari-yanus, 602;
pennatus, )5*, (302; jwrlamnel
loans, 569, 563; plicatellus, 520;
pyxldatus, 579; radiatus, 522,550,
551 ; raricosta, 592; spec1osti,
703; striatus, 426*; suleatus,
548*, 551, 562, 568, 567; tTrii, 626,
627, 707; Vanuxemi, 558; vail
cosus, 592; Verneuii, 626, 627,
025; Whitneyi, 602
Spiriferids, 574
Spiriferinn, 756, 790 ; cristata, 707;
Kentuekensis. 690; octopheata,
707; spinosa, 642', (346, 647; Wal
cott.i, 779*, 790
S ptu'ifersandstein, 570
Siiircyfttht1s Atianticus, 470*
Spirophyton, 6(41, 035; caudagalll,
582', 667, (188
Spirorbis, 675; anietinus, 691 ; ear
bonartus, 676', 691 ; laxus, 555
Spitzbergen, 48, 395, 758; Subcar
honiferotus in, 006, 704; Carbon
tferoius, (335, 696, 704, 711 ; Per
mian. 704 ; Triassic, 768, 774,
792 ; Jurassic, 776 ; Cretaceous,
8(18, 872 (climate) ; Tertiary, 922,
939 (Sequoia)
Spodumncne, 821, 882, 449
Spouidylus, 180 ; gregatis, 854 ; spi
nosums, 866
Sponge-beds, 777, 790
Sponges, Apomige-sicu1es, 57, 64,
72, 140, 141, 419, 481, 482', 474*,
513, 515, 558', 590, 596, 601, 611,
777, 860'
Spongillmu, 482
Spongtulithis appendleulutta, 894'
Sporniugi in coal, 655*
S1iujrangites, 601 ; Cornlferous, 584;

http://www.geology.19thcenturyscience.org/books/1896-Dana-ManGeol/README.htm

INDEX.
Hamilton, 506 Chomung, 610,
611, 012; Cal-measure, (155
Sporangites Iior tnsis, 010, 612
Spores, 552', 584, 611, 715; in coal,
654, 655', 712
Spring 11111, 738
Springs, 205. See also Hot springs;
Mineral ; Sulphur ;
Thermal
waters
Spruce, 435, 486, 667, 668, 770, 859
Spyroceras, (9)2
Squakalon, 912, 027
6(18, 869
'i ua1uionI s,
Sq itaI us corn ubicus, 78
Square Lake, Mo., 552, 558
Squash-bug, 419
Squid, 4249, 525, 758, 776
Squirrels, 91(1
Stares, 411
Siagodon tumidus, 858* ; vaildus,
853*
Stagonolepis, 778
Sta., 907, 927, 980, 1002, 1013
Staked Plains, SSS, 895. See also
Liano Estacado
Stalactites, 79, 131, 294*, 6115
-- and stalagmites at Kilauca, 294*,
295, 824
Stalagmites, 79, 02, 181, 294*
Staiupian stage, 926
Stangerla, 715
Star Peak groups, 747
Starllshes, 156, 42S, 429*
Starucca sandstone, 606
Staten Island clay-beds, 821, 823
Statuary marble, 't)
StaitrulIte, 65', 6I1, '819, 449
Statirolitic rocks, 88, 810
Steam, 80k), 838; in metamorphism,
812, 823, 854
.teainboat Springs, $28 ; superficial
vein-making at, 834, 885; depos
iting gold, 835
tcatite, (i7
Steatvte, 89, 450
Steel ore, 69
Stegoeeplus, 68i, 687
Stegosaurids, 863
Stegosaurs, Stegosaurians, 761, 764,
787, 796
Stegosaurus, 765*, 787; ungulatus,
764'
Steiletta, 432k
Stein matoptoris, 690 ; punctath,
6(10', 659
Stenaster liuxIovI, 499*, 500
.8teiueotiber, 918, 919
Steneosatiruis, 790
Stenoerinus. 516
Stenogaic, 919
Stt'nopora, 524; fibrosa, 508, 517,
5(17; Petropolitana, 517
Stenotlueca, 481 ; Acadica, 475*
ruugosa, 472*
Stenotrema hirsntum, 967 ; monodon, 9116
tephanoceras 1-1 umphrleslanum,
781*, 7110 ; inacrocephalum, 791
Stephanocrinus, 547* ; augulatus,
547*, 550
Sterculia niodesta, 889
8tereocau1o Vesuvlanum, 136
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Strombus Aldrichi, 899', 917; Lel
Steroognathus, 7S9
Stereosterjiunu, 706; tumidwn, 687
d3-l, 917; Santicri, 865
Strontium, 8,35
Sternherglti, 673
Stluenotervgians, 417
Strophalosla, 707 (ends with PerStibarus, 918
inlan); cxcavata, 707; Ooldfussi,
Stletopora, 514, 551)
707; lamnollosa, 7(14; produetoIdes,
Slietoporelln, 5115; cribrosa, 506*
(128; trumneata, 620
Stlgniaria, 627, (14', 653, 656, 6611', Stroitheodonta, 551, 562, 570, 642;
670, 699, 704; anabathra, 645;
arcuata, 602; Capita, 621 ; (ICIlcokles, 6411, 699; minor, 6-15;
missa, 591, 602 ; filostL, 5(17; wagmlnuta, (145 ; perlata, 622 ; pusWa,
nifica, 579; mucronath, 62)); yin
crea, 602; perjiiann, 591, 59'2, 602;
629; uuutbonata, 6-IS
Sttklne River, glaciers of, 240
put netimlifera, 592; reversa, 602;
Stilbito, 68
varlstriata, 558
Stinkstoln, 697
Strophoilus, 772 (first), 788
Stiper stones, 517
Strophotneuta, 425, 420, 508, 516,
517, 52(1, 521, 552, 562 ; alternath,
Stissing \1tn., 467
508, 507', 514, 524; arenacea, 520,
Stockbrklge limestone, 467, 401, 528,
S8t)
5(17; compressa, 507; doltoidea,
521 ; depressa, 551, 626; expan
Stoniapod, 788
sa, 521 ; incrassata, 514; pci-ten,
Stomatopora arachnolden, 514
Stone age, 1008
566; planunubona, 426', 503 ; p11
Stone coal, 661 ; rivers, 209; state,
cifern, 502', 5(18; rhoinboidalis,
264
503, 62.5; rugosa, 568; subplana,
Stones on sea bottom, 144
568; Woolworthana, 568
Stonesfield slate, 411, 775, 777, 787, Strophornenlds, 568
788, 759, 790
Stroplmonella euglypha, 567; mdl
ata, 560*
Stony Creek, Conn., 949
Stormborg beds, 699, 770
Strophosti-lus, 569; eaneellatus, 579
Strain, level of no. See Zero-strain Structural geology, 14,61-116
Strangeria, 596
(rocks, (11; terranes, 89)
Straparullus, 495, 515, 707; Clay Struthio, 54
tonensis, 501; lens, 647; porno Stmuthiosaurus, 864
dosus, 600; prist1nI5rmls, 501
Sturgeon River, 445
similis, 647 ; Spergensls, 647
Sturgeons, 59, 1123
Stvlaeodon, 765; gradEs, 767'
subruigosuis, 690
Strata, stratification, 919
Stylina, 7(10; tubuiifera, 759*
Stratteniate, 92
Stvllnodon, 905
Strntttled formations, 00-116 (struc- Styliola. 59'
ture and characteristics, 90;
Styliolina, 58(1, .5119 ; fissurella, 592,
thickness of', 118, 114*
595', 602, 603, 612, 621), 621
cal-culating
con formability, uneon formabillty, Stvliolina limestone, 6)13, 613, 021
114), )9S, 441, 4,50
Stylodon, 789*
Stratigrathical, 91
Styinlites, 543, 555
Stratum, 9t
Stylonurus, 567, 628; excelsior, 615;
Strophoclietus, 50
Wrlghtianus, (115
Sub-, as a prefix, 407, 684
Strepsidura liens, 016
Streplaxis WhttIleldi, 690
Suhapenntne mans and sands, 927
Stroptelasma, 550, 562; apertum, Subearhon period, 682
513; ealveulns, 550; corniculum, Subearboniferous period, 636
,504, 505*, 518; expansum, 5113; Sub-Il 1niala'as, 088, 086
Sub-Oieon conglomerate, 688
profumndum, 518
Streitorhyncus crassum, 690
Subretopora Incepta, 502'
creruistria, 625, 626, 700' ; urn Subsidence, 151, 345, 846,847
braculum, 625, 704
Champlain, 981 ; modern, 848,
Strlme. See Scratches
349, 80,
$112; through the
Striarca centenaria, 8911', 917
Paleozoic, 880, 365
Striekiamulia lens, 520, 567 ; iyrata, -, coral island, the counterpart of
continental elevation, 9:37 ; of the
567
Pacific indicated by coral islands,
Strike, 99', 100, 101, 105'
149, 850, 892: rate of, in coral
Strlngocephalus Burtinl, 595, 601,
025, (126
islands and in the history of coral
reek, 140', 150, 151, 202
Stringocephalns beds, 626, 627
Subterranean waters, 20-1-209
zone, 595, 601
Suibulites, 514 ; ventrlcosus, 551
Strobilospongia, 513
Suecinca avara, 1)0(1; obliqua, 966
Stromatocerium pustulosum, 514
Stroniatopora, 455, 499, 547, 551, Snchoprinn nulacodus, 754
5(12, 584, 625; eonccntrka, 547, Snessonlan group, 884, 925
Suiillncs, 930
550, 569; ponderosa, 591)
Stromatoporids, .147, 504
Suleopura fenestrata, 502', 508
Stronibodes gracilts, 550
Sulphates, k1$, 69
Stromboll, 276, 280
Sulphides, 70
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Sulphur, 68, 70; In coals, 661, 668,
664
- springs, 125; in California, 885;
In New York, 554, 555
Sulphuric acid, 63§; springs, 125,
555
Sulphurous acid, 63, 124, 125, 824;
from volcanoes, 27S, 21)3, 994
Sumatra, 29, 88, 40; volcanoes of,
291
Sun, a chief source of geological
energy, 117; causes of the vary
ing degree and effects of its heat,
253-257; Its heat as related to the
ocean's work, 166, 209, '214; as
affecting the temperature and
density of water, 214
- spots, 11-year cycle of, 177, 255
Sunderland Lake, 583
Superga, molasso of, 926
Superior, Lake, 29, 40, 85, 166, 200,
201*, 206, 488; basin, 106, 199;
copper veins, 272, 328, 338, 889,
465,466
Superposition, order of, 399, 400
Surcula, 916
Surficial, 198, 272
Surgent series, 728
Surirella craticula, 164*, 165
Sus, 54, 927
Susquehanna River, 888, 465, 730*,
781. 816
Sussex marble, 864
Swabia, 738
Swallows, 923
Sweden, Archiran in, 456; Cam
brian, 482, 484, 518; Lower Silu
nan, 518, 519, 520, 521; Upper
Silurian, 563, 564. 5115, 563, 569,
573; Triassic, 769; Cretaceous,
838
Switzerland, Cretaceous in, 851, 859;
Jurassic, 783; Tertiary, 920, 925,
926
Sydney sandstone, Australia, 221
Syenite, 85; granite, 85
Syenyte, 85
Syenytic gneiss, 85
Synbathocrinus, 602
Synclines, 102*, 103*, 104, 105*
Synclinonlum, 884), 729, 781
Syncoryne, 429k, 481
Synedra ulna, 164*, 165; vitrea, 699
Syornis, 1014
Syria, Cretaceous in, 857, 859
Syningodendron, 699
Syrlngopora, 551, 552, 567, 585, 703,
711; bifurcate, 567, 508; ilisingenl, 591,592; Macluril, 51w,0,590,
592; multattenuata, 694; multi
caulis, 554); retifowais, 554)
Syningostrorna coinmnnare, 590;
densurn, 590
System of formations, 4O6; of
Mountain Ranges, 889; of the
Rhine, De Beaumont's, 734
Systemodon, 908, 918; taplrthus,
908
Tabellaria, 168, 164*
Table mountain or mesa, 185, 186,
800*, 987

INDEX.
Table Mountain, S. Africa, 699
Tachylyto, 87
Tacoma, Mt., 240 (glacier), 296
(height), 945
Taconian, 446
Tmteonic limestone belts, 528-581
-lUmge, 24 ; making of, 8841, 527
582; Cambrian of, 467, 483;
Lower Silurian of, 490, 495, 517;
metamorphism Ia, 809, 825
TILnia soilum, 4$T
Tauiaster splnosus, 505*, 514
Ta'mmiophylium, 633
Ttenlopteris, 689, 698, 704, 750, 756;
latior, 7541; Lescurlana, 705;
llnna'lfolia, 749*; magnifolia, 756;
multiimervis, 705; Ncwberryana,
705; vitiate, 705
Tahiti, thickness of coral roof, 130;
denudation of, 180*; wnt.cmihlls at,
185; tide at, 219 ; lava streams
thicker toward the interior, 290
Tahitian Islands, map of, 36*
Tainoecras cavatnum, 691
Talc, 65, 67, 08, 79, 89, 318, 820, 458
Taleahuammo, elevation at, 849
TimIehlr group, 4198, 099
Talcose schist, S9 ; slate, 84, S9
Taipa, 927
Tampa limestone, 891
Tancredia, 759, 760; Americana,
855; extensa, 160; Warreniana,
758*
Tanganyika (Lake), 88
Tanna Island, 296
Tantalum, 449
Tape-worm, 437
Tapes, 916
Tapir, 54, 902, 981, 1002
Tapiravus, 919
Tapirus, 928; AulenicAnus, 1001;
Arverneusls, 927; IlnyslI, 1001;
Indicus, 905*; priscus, 927
Tar, mineral, 712
Tarami non shales, 568
Tarawan Islands. See Gilbert
Tarawera eruption, 291, 805, 874
Turn (Mt.), 858
Tasmania, 21, 415, 628, 087, 948
(fiorls)
'I'au ii uslami, 4)26
Taxlnen, 596, 678
Taxites, 777, 840, 921 ; Olrikl, 921
'Faxocrthus, 602; elegans, 505*, 514
Taxodium, 921,922,989; cuiwatmmmn,
8.33; (llstlehIIw, 921 ; dlstlobuiii
Mlocermumn, 889
Taylor marls, 855
Tdmimd Lake, 84
leemili, Mex., limestone, 188
Teclinocrlnus, 577
Teeth, composition of, 72, 78
Tejon beds or group, 880, 881, 884,
885, 889, 849, 914)
Teleoreras, 919
Tolomlus, 019
Teh'osamirs, 787
Tt'leosaurmis, 790; Clmapniannl, 790
Teleosts, 4l8, 869; Cretaceous,
812, 948
Tekphus, 521
Telorpeton Elglimonso, 772*, 773

Telllna, 916, 917; blplicata, 917;
Gro'nlazidies, 984; ilumifoma, 11141
Tellinowya, 516; ulta, 514, 516;
Angola, 500; niaclmmeril'ommmmis, 550
rmasuta, 507*; nueieifiirtuls, 558
Tellurium, 831
Teimatherlum, 918
Tenmiscamimimig Lake, 445
Temiscommata Lake, 588, 559
Temmmoehllus, 675; conchlfenum,
690; cra8sumn, 675, 676*, 690;
depressumu, 6110; Forbesanum,
6140; latum, 690
Temnocyon, 1)11, 918
Temperature, 52, 727, 877 (change,
exterminating life); In Archican
time, 440, 441, 442; in mines,
257; of the ocean, 46. See also
Climate
Temple of Jupiter Serapis, changes
of level, 84s, 349*
Tenen(tie, crater of, 277, 291
Tennessee, mean height of, 23;
marble, 494, 524
- River, 540
Tentaculitu limestone, 585, 552, 556,
557,558'.m9
Teutneulltes, 556, 560
Tentacuiltes, 516, 562, 568, 586, 599,
626; attenuatus, 502; bellulus,
592; distans, 569; eiongatus, 5410,
579; grncilistriatus, 5142, 620, 621
gyracaimthus, 556*, 557; thcurvus,
514; ornatus, 5417, 568, 569; Os
wegoemisis, 514, 510; RIchmond
ensis, 514; scalariformis, 590;
sealaris, 625; spiculus, 620; Ster
lingensls, 514; tenulstriatus, 516
Tepbryte, S7
Terebellum fuslforme, 926; soplta,
926
Terebra, 916; iloustonla, 916; elm
plex, 917
Terebratula, 72 (analysis), 425,
4269, 750, 884, 856; augusta,
757; blplicata, 791, 865; bovi
dens, 6110; Choctawensis, 837
llgona, 779*. dlphya, 779*, 791,
793; diphyoldes, 791 ; elongate,
707; timbrla, 790; fusiformis,
74)4 ; gracilis, 866; Harlanl, 878,
840*, 854 ; hnstatn, 700*; Im
p", 425*; Llardensis, 758;
perovmtlls, 700; plicata, 840*, 854;
sells, 791 ; setnlsimplex, 757; Sul
livantl, 4101; vitrea, 426*; Waco
iimsIs, 887
Terebratulmi flimily, 585*, 779
Tcrebi'ittulhls, 922
Tert'bratmmll na : thintlca, &54; caputserpt'ntls, 421'1*; gracills, 866;
Guadalupa, 855
Teredimma personata, 925
Tcrodo, 158, 425
Termites, 158
Terrace formation, 992
Terrace period, 941
Terraces of rivers, lakes, and sea
shores, 198, 194*, 228, (148, 947,
981-994; height due mostly to
height of flood, 194. See nlso
Flood-grounds; Shore platforms
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INDF)X.
Terraces, of Chaniplal ii period, OS),
9'.S, 9I0 991
'I'.rrar,ii, tP0
'1'"rrD(Iol, 611, 89-l 1(1; stratified.
1(I); 'iIi'traIIflcd, 116
Ti'rr'itrIaI lift, rarely foIlIzod, 141.
:.s
'It'rrIg.'nu.i, I.$-$
Terror. Mt., l.i'IgI,t of, 206
Tertiary tons, I'o, 202, 339, 847, 850,
34A :166, :011, :N. :192, 407, 40\
4090, 411, 22, S2, S29, 31, 7,
S79 ; ibvIIvIIon, S-4), N. " lsI'r"
ten, SI) ; foreign. 911) ; general
ob!tervntll,,IM, 92s; Tertiary t'leatIii ,nnlhvtvt'il Into ()lftet,(I
period. t146. Sea' Ohio MIui'rit'
PlIn,'t-ni,
- erlIlIllolol, 870; In western Amer.
lea, 340; Igneous Olittlows In the
I )eei'an, 21'9
- th-Mi-wmer lakes of N. America,
2)2. "2
- in, oi ivtatn-li;nkl ng, foreln examvli'. of, :I'7 3i9, 769, 81-21; oro
genie and epoirugunlc more.
illeil I v, '2 IMI) ; orIv$rraphle move
in'nt al,ing the Pitellic mountain
tMvr,tt'r. :46-I :166
'lesehen)-te.
"f vi) Inte, 767. 9i)l'
Tet;i'lo, 901 ; Atlas, 923; bron
ttvpv. 901', 902; Stricklandi, 787,
790
lctrat'rnnchi, 424, 425', 781, 860
I heir V11111nv)
t
Teir..c.'rniln, 431 §, 71,13
'Tetruv'm iiielII')., 431%, 482'
1'tr.;li.ovl& 42U', 421, 423,
43', 449, 525, 574, 707, 720, 721,
724, 725
Tt'Irndlvvm, t101, 505; cellu)oum,
515 ; col vim,;flare, 514 ; llbratum,
Au'. sir,
T4'trnRrnIiIm bryonoldes, 500; (t'u"
tko-sus. 54)0
'1etroIivIrlte, :vt,'
Tt'trpterioi vrlseus. 925
Texas. iut'an height for, 23; Areba-an
In. 444. 446, 447 ; Cambrian, 164,
466, 4(11), 477, 484; Upper $llii
v-ian, 537; Devonian, 575, 50
Simhearhonlfuroi,v, 087 ; ('arbonifc'r'viis, 6-IS, 690. 693; Permian.
660, .;..5, CysT, 68$; Trluite,
660, 74(1; ('rutaccom., 817, 824,
854 ; ribittirhanci's in. 8118; Tt'r"
tlarv, 89-i, 8$5, 888 ; Quaternary,
87's
Texiumlorla, SAS; glnhlIIO'A, 482'
'ihaIns.ir.
1-I via 'iI)i1l I 1(110 i-mt l;rii, rsi
9'iuimn,'s iIver, Omit., 461, 949
Thariveit River, Eng.. 191
Thmiinnrvstrn-n, 777, ITS (number of
11r1tlaIi ; coneinna, 790 grervrM, 71);)
Ti;ui't randa, 920. 925
Tiianulinn group, 995
'I'1mev't, 491, 514, 521, 707; pai'tus
citla, 514, 516
Tlueclvilum faintly, 779

TI;i'cnilnntnu;ir;ui, 778; gibbldens,
754
'lheeii4.,ivti, 7A.IS
Th..coiivvlltit, 777, 7S (number of
liritirili ) ; uminvvlcztg, 71)0
IIiv'IIi(ill!( linrt'kiun, so;', soT
TlwlyI.lii,,iuiv, 723
Iivtivnr.sIsiIs Iit'tcroulactyl;is, 692
'I'ilerlllai wali'ri, 238, 805-809, 834,
$35
Tht'rnm nra, (18$
'I'iieronvoros, TOT
Illian-Shnfl Mts., 32
'i'hIck-l,udIItNl structure, 92
Tl,lt'iaon, Mt., '2(16
'Fliiii;bk Islands. Iegrndatlon at,
2W. iHvt.i)liIeil of. 949
TIvIui"imvus, 1)11, 918
Thlns.IItt', i:'
Thorncusaiuriiiu, 8-IS
liiivrtuuiii_ 449
Thracla ('onravil, 983; curta, 084;
;ii'lrOuOa, 79)
Thricsoiei, 417
Thrust-planes, 53.1
Thivia, 4O
Thuringia, Permian In, 706
Tttuyltev, 717
Tivysnnurn, 419, 702
Thysotes vemicosus, 567
Tiaropals, 429'
Tibet. 26, 82; Silurian of, 868;
Triassic In, 77;); JurassIc, 791
folded Nummulitte beds of, 52),
920; Mnuimais of, 986
Til,nrltnu, 79
Tkliokptus beds, 886, 891, SOS
Tick, 429
TIdal wave and currents, 43, 210;
on Lake Mktiignn, 2Y2
Tide unit currents In the Cambrian,
45$; Devonian, 029, 630
Terra dt'I Fuegu. See Fueglu
Tfle clay, 665
'rIlt-.ilsh, 56
Tlkstonea, 5413, 5416
TUIbk'Iie, coral limestone at, 847
1-111, 61c, 2516
'rllludtvnts, 908, 99$, 917, 018
Tillotherlum, 904, 918 ; fodlen,
904', 905; intlviens, 904, 905
Timber Butt beds, SsS
Time, geological. s;vhdlvlslona of,
404; ratios and length, 1023
Timpahutu Range, 866', 469
Tin, 88, 88, 386, 343
Tinnooro island, 21)6
Tlnocorn'v, 007, WS; ancops, 007;
grflfldlL4, 907 ; Inguns, 906', 907
Tinndon beHims. 7137S
Tinnesla bar-in, 947
Tilillia Carolina', 900'
Tipulklmv, 900
Tirolanus Cvu1anue, 778
TIsipivonla, 432'
Titanic acid, 86; Iron, 70S, 449, 450
Tltenlelithys, 618; Clarki, 619
Titanite, O1
Titanium, 70. 455
Titenophasmun Fayoti, 701, 702'
TitjnosaurIis, 8(17
Tltanotberea, 907, 908, 9u.9, 918
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Tltaivuilverium anceps, 907; glgan
It-u ill, t)4)', 91)9
Tltanotherluni beds, 888, 898, 909,
OIl), 918
Tithonian group. 779, 79)
Tltlv'aca, Lake, 241.34'1, 621
T,'arvlan group, 775; i'pper), 790
T'ilI-Win.Pga'I1en group of inoun
liOns, 867
Tiitua Island, 2913
'Fu1iic, Mex., 265
Tow, Mt., 51)9; Ridge, 801', 608,
pd4, 'll5, 5416, 807
Tomnhlgbeu River. 895, 889; sands,
',IS. 523, '54
Tom Ihit-riurn, 918
Tonga Islands, 37, 8.30, 374
Tongrian grilU)), "s-I, 1)26
Tongue River, 266
Tont', group of Gilbert, 447, 469
Topaz, 63, 6604, 83-3
Topn7.olttv's. 812
TorbaimIle, 662
Tornot-ern,v mithrax, 591
Torosaurus, 847. ; gladius, 846'
Toroweap fault. 862. 868'
Torre del Greco, 294
Torret Strait, 937
Torrid Zone, 46c
Torridonlan group, -$57
Torsion, 395, 106', 307, 811 ; effects
of. In tee, 371, 372'; In strata,
395. 1w6', 37
-as an explanation of the zigzag
arrangement of continents, 894,
895
TortoIses, 787
Tortonc blue marls. 026
Turtonlan group. 894. 9'26
Totoket ithigi', 801', 502, 803, 806
Toucan, 5$
Tournlno, 926
Tourninilne, 63, 66'5, 82, 88, 160,
312. 820; rryst*1 displaced by
quartz, 135'; rooks, 82, 83
Tourmalyte, SS
Toxaster Camplchell, 865; compla
natus, 8415
Toxoceras bltubercutatum, 862', 866
Toxodon, 927
Toynbo Range, 865
Tracheutes, 419S
Trachelomonns liprts, 1118, 164'
Trachodon intrablIts, 846
Trachyceru, 7513; sonoldus, 774;
Arclielaus, 774 ; balatonicum, 774;
binodosum, 774; Canadense, 75s;
('urlonit, 774; LOW, 174 ; trino
dosum, 774; WhItneyl, 757'
Ti-Mbyte, SI), 84, 5(1; difference In
ulensttv of glass and "stono states
of, 265; relation to granite, 814
Tracks. Sco Footprints
Trade winds, 50, 51, 159, 168
Trails. See Footprints
Transition rocks, 40Sf
Translation-waves, 218
Trans-Feces region, 824, 874
Transportation by currents of
water, 169, 189
-by glaciers. 247; by'wuves, 222
- of, and by, plants and animals, 156
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Transylvanla, 85
Trap, 86
-in Connecticut valley Triassic,
800
Traps, natans, ash of, 75
Traverse (Lake), 947
Travertine, 70, 181, 132*, 133
Tree-ferns, 58, 669*
Trees, protection by, 155
Tremadictyou reticulatum, 777*
Trernadoc slates, 481, Ml
Trernataster disparills, 646
Trernatis, 514
Trematodiscus Koninoki, 700*
Treinatopora, 551
Trernatosaurus, 778
Trematosplra, 562; multlstrlatn,
551,579
Tremolite, 67% 79, 819,531
Treinolitlc limestone, 79
Trends, systems of, 85
Trenton, 490
Treodopsis appressa, 961
Triarthrus, 515; Beckli, 422*, 511*,
512*, 516
Triassic period, Trlas, 788; Ameri
can, 740, 746; foreign, 768
Triceratluin obtusum, 894*
Triceratops prorsus, 346*; serratus,
846
Trichiulus vtllosus, 691
Trichomanites, 1322
Triconodon mordax, 789*
Tridyrnlte, 64, 84, 818, 328, 838
Trigonarca pulchra, 915; SiouxensIs, 855
Trigonia, 59, 707, 759 (first American), 760, 780 (number of
Jurassic), 860; aliformls, 867;
carlnata, 865; caudata, 865;
clavellata, 180*, 790; Conradi,
758*; costata, 790, 791; Eufau
lensis, 854; glbbosa, 791 ; thcurva,
791; limbata, 866, 867; longa,
867; Mortonl, 854; navis, 792;
paucicost.a, 790; scabrlcula, 865;
Smeel, 791; ventricosa, 791
Trlgonla family, 770
Trigonocaris Lebescontel, 521
Trlgonocarpus, 622, 678*, 689;
ornatus, 678*, 689; tricuspldatus,
673, 689
Tr1gonoceratida, 675
Trllsodon, 917
Trilobites, 59, 420*, 421*; Cambrian,
469, 480, 482, 483, 488; legs of,
422*, 512*; young of, 512*, 562*
Triloculina Josephtha, 482*
Trinidad, Col., 813
Trinidad, W. 1., 22, 891
Trinity epoch or group, 815, 817,
882, 884, 886, 881; sands, 817,
819
Trthuclcus, 422w, 520, 521 ; concentricus, 54)8, 509, 512, 515, 516,
517. 520, 567, 569
Triolites Casslanus, 778
Trionyx, 850, 926
Trlopus, 521
Trlphylite, 821
Tripiesla prlmordlalis, 478*
Triplopna, 918

INDEX.
Tripolyto, Sl
Trijwlodon, 852 ; caperatus, 858*
ca'latus, 858*
Trisetum, 240; subsplcat.uw, 945
Trlspondylus, 017, 918
Tristan d'Acunha, 297
'rritonniiu, 916
TrItylodon, 778, 789
Troelioceras, 515, 549, 568, 586 (hit ,
591 ; boreitle, 552 ; ciio, 591 ; ctitaturn, 551 ; DesjIa1nerise, 551
eugenlurn, 591 ; 1lath, 515; noturn. 551 ; pantlum, 591
Troe.holites, 506, 520; ftinmoul us,
506, 508*, 511, 515, 516; undatus,
506, 508*, 534
Trtichoneina, 514, 516, 520, 521,
598
Trochosnillla sti'iata, 916
Troehus, 525, 780; Texanus, 886
Trogons, 92$
Troidon, 856
Troostocrinus, 646; subcylindricus,
547*, 550
Trophon clnthraturn, 084, 995
'l'i'opidocaris bicarliiatu, 621
Tropldoleptus, 627 ; earinatus, 598*,
601
Tropites, 756, 757; subbullatus, 774
Truckee Miocene, 81)5
Tsien-Tang, the eager of, 212, 215
Tuba acutlssima, 917
Tubicola, 428
'l'ticuhit Mts., 581
Tuedian group, 695
Tulh, volcanic, S0; cones of, 2T0,
271, 276*
Tuft, calcareous, 181, 132*
Tulip Tree, 812, 887, 879
Tully limestone, 576, 593, 594, 599,
601, 603, 605
Tunicates. See Ascidlans
Tunneling by animals, 158
Turbinella regina, 017; Wilsoni,
916
Turbitiolla Texana, 887
Turbo, 707, 780; Shuinardi, 591
solitarlus, 774
Turf, protection by, 155
Turkey, 84
'I'uronian group, 815, 858, 859, 866
'l'urrieuln Milhingtoni, 916; polith,
916
Turrilepas, 567, 570, 602; Canadensis, 518*; Devonlcus, 600*
Turrilite, 801
Turrilites, 771, 861 ; Brazoetisls,
837 ; entenatus, 862*, 865; costa
tus, 886 ; helicin us, 855 ; pauper,
854 ; tuberculutus, 8(16
Tnrrltelln, 824, 91(1, 1)22; Alabamiensls, 915; nlveata, 916; al-P111
cola, 916 ; ctelatura, 916; eari,uita,
81)7*, 916; Chiiiolana, 917; coin
pacta, 854; erosit, 984 ; indenta
var. mixta, 917 ; Mississipplensis,
916; multisuleata, 926; nasuta,
897*, 916; jiordita, 1)16; plebiii,
878; prwcinctn, 915; pumlla, SM;
retlcnlatu, 084; suljgriiinlifern,
899*. 1117; 'I'ainpt", 898*, 910;
vertebruldes, SM

Turtles, 415, 847; Triassic, 772*
'13, 71)7 ; Jurassic, 7(10, 766*, 767,
6S, 797 ; Cretaceous, 826, 810,
56, 867 ; Tertiary, 202, 901*, 902,
928, 927
Tuscaloosa group, 815, 8113, 819
Tyiosaurus inicromiis, 849*
'I'vphiis, 916; acuticosta, 917; cur
vlrostratus, 916 ; pungens, 926
Typothorax coccinaruin, 758
Tyrol, (IO1OIfl\'tC of, 1,14
Tysonia Marylandica, 881
Uinta Eocene hike basin, 860*, 881*,
882, 886, 893
-11 ts., 109, 860*, 865
Uintatiieriuin, 907, 918; Leldya
anal, 1197 ; robustum, 907
iTitenitage serIes, 878
Uilinnnnia, 698, 704
ti lodendron, 691); maJus, 689; punc
tatuin, (189
tlmbone, 424
[Tiiibrai series, 684, 728
Uiinka Mts., 85
Uiiakyte, 85
Unartok series, 921
Uiiconforuiability, 114, 115*, 116
tnconform1ty, 115*
Under-clay, 689, 658, 708
Ungulates, 902, and beyond
Ungullna, 621
Unio, 612, 821, 820, 887;Dana",
856 ; Deweyl, 856; ebenus, 966;
Liassinus, 760 ; lignineittinus,
966; reetus, 960; Valdonsls, 861w
Unto family, 940, 950
U niontown coal-bed, 051, 656
United States, wean height of, 23;
geological map of, 412*; heights
of the Cretaceous beds of the
Rocky Mountains, 983
Untercarbon, 682
Unterer Wieder 8chiofer, 569
TJpernavlk, 244
Uphanta'nia Chemungensle, 611
Upper Pentarnerns. See Pentame
rus
- Silurian, 585
Urulichas Rlbelroi, 521
llralite, 817
trathitizatlon, 817
liranlnite, 821
Uranium minerals, 321
IT ranojilosus, 886
I rforwation, 44(1 (A rehiean syn
onvmy)
Urgebirge, 440 (Archu'an synony
my)
Urguciss, 408
U rgneissforutation, 440 (Arclnean
synonymy)
Urgonian, 367*, 859, 805
Urocordylus Wnndesforlli, 704
LTrosalpiiix trossulus, 917
Urosaipynx cinerea, 994
tirosthenes australls, 698
Ijrostheiiic, 480, 717, 720, 796,
931
Ursa stage of liver, 70-I
Ursus lint l)ii(IOIl8, 1000 Aretos,
050, 1004, 1006; Arvernensis, 927;

INDEX.
f'rox, 10011; i.rIInuA, 1001 ;
1004', 11H19
ape-bests.
l'riis, 1013
ttnh, iii.-tin height of, 2$; high
j'hiit'aus of, 1ST. 36 ; henry Mts.
I,,. :101 ; ore beds of. 339, 389',
340 ; Inn) of. 3)',4)
-. .'t rcht' ii Iii " 4-19 ; Cambrian,
4(9. 47%, 476 ; Lower Siltirinn,
4b1), 405; Truiitin, 4t15; I'arb,,n.
Iferiius, 301, 6'e, t4, 1390; Per.
mmii, 1364); Trj.m.ic. 746; ,Jurn
Trlas, 741) ; ,Iuras'do, 4, '131)
Cretaeei,,is, %O'2, 319', 840, 25
ml), '.!4, S'211, 456; post.Mcoio.
zoic, 's7ti ; Tertiary, 302, 865, 866,
S6,
1)01. 934
U te limestone, 494
('lien and Iltulson epochs, 489, 422
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'iii ul'.rno, 927
\'akltvia, SI
iilengIiihin, 559, '145
Valley drift, 946
Valleys, excavation of, ISO, 182
filled, n.'t excavated by the ocean,
\'lIonla iii1e)ii'iii. 9611
\'dlianih.o, banded and other veiiis,
:129', :132' ; earthquake in 1522,
849
Vn,iadnt, 340
Vancouver Island, 28, 7-17 ; Cretn.
,'i,'ns or. ''IS; coal ol, S25; coat'
I"Ints Of. sM, 540, 872
- Iang&', 2', 512, 5112
11flUXt'UiIIt Montrcitlensls, 503
Vari'nna iiiarhk, 774
Va'um horriduni, 917; .nibcapilel.
bum, 9113
\'nvau If-land, 39, 854) eIevgttioim)
\egetnl,h kIngIs,imi, ii, 4111, 414,
484-l::;
\t"gt'tiIi,'im, pii(.tion by, iris
Vein-struet on' of g1ru'1er, 248
Veins, 327 ; of Arehn'an rocks,
449
V.irntone, 1S
'lcdu ilritt'a, 55.1
't'neriisr,iin tomr,'aIIs, 917 ; lani.
('OSIfl, SP-60
81, 557 (1retaceoiis
't'nh1ia ('otiradi, $54 ; Irapezoldea,
55.4
\''trir.iiIte', 482', 564)
eu1lIs, density "1, if); oblique lines
on suirfact' (If, 395
Venus. 425, 1)16; cortlnart'a, 917;
uumt'rrcnnrla, 1194 ; rugatina, 900',
917
Venus's Fluwor-baskc't, 4$'2
'eniI-nnt1quo marble, 68, 77, 79,
S1
ergent series, 129
Vt'rruii', 428
\criiuleerns ('rOsMulftfli, 760
Vvn,niemuinr ii,nerock, 555; sandmolle allot
fl
"holes. 63T
\'ernilhioii Cliffs, 187, 141
- group, 8513
- Pass. 460
- ehisl. 441'

Vermont, 23 (height), 825. 496; co
Ilium littlest (welt'. f'IT ; fliults, 527,
515' ; fossils, 3119, 310, s7, 81)6;
marbles, ?24, 525
\crt('hrtlria, 139$
eriebrates, 141, 404, 414, 415-4l',
424; relation of, to Invertebrates,
415; Merostln'nii', era of, 706;
I'ro'tlwni.'. em of, 7911
-, I.,,wer Silitrititi, 4913, 509, 525
Pate,'znie, '25-72ti
VesIcular rocks, 75w, 29$
vtj.'rtInt' serk's, 694, 728
'esp'rilp), 9(8
'ui0Iiittfl gritt p, 190
Vesuvius (hit.), 85, 2611', 276, 280
Vihurnunu (hildian tint, 839
Vkksburg epoch Ilieds), 880, 8S4,
559, 590, 5913, 80", 1)10
Victoria. lAke, 201)
'k?torltt province), 699, 690
vicuna. 54
Vienna, Miocene of, 02'2, 939
Vieseh glacier. 287
View of the no lava-stream, 2871
View of alluvial cones, Indus Basin,
195
View of an atoll, 145.'
View of Beehive Geyser in action,
84)8'
View of blocks on the
shore-plat-form
of the l'aumotns, '222"
View (ideal) of ('arlioniferous vege
tation, 666
View of cliffs, Port Jackson, N.S.
W., 221'
low of Colorado Canon. l$5"
view of columnar basalt, Orange,
N.J., 262'
View of droh.4nrnle unit of ruin
tuink columns, 75'
View in Elk Mts., Mho%%lng upturned strata, 1013', 8134'
View of (icyserite Terraces, N.
7c1., 305'
View of time Grni'r Glacier, 2.87"
View of Gothic ML, Col.. 275'
View of a high Island with barrier
and fringing reefs, 14'
View fjoInted rocks, Cayuga Lake,
11124,
View .mf,Juke's Butte, 801'
View of Kiazna basaltic columns,
261', 262'
View of Kilauea, 270'
View of hm'ss formation on the
lbotmng His, 196'
Vie' of Mammoth Hot Springs,
1:32"
View of Marble Canon, 187'
\iow of the southwest end of Mok
kttuun, 160'
View from Monument Park, Illus
trating erosion, 186'
View of Mount Shasta, 207"
View of Nanawalo cinder-cones,
285'
Viuw 017 0111111 tnflm-conos,211'
View of Obsidian Cliff, Yellowstone
Park, 204
View of'' The Old Eat," New Zea
land, 221'
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View of Phonols-te Peak, Fernando
de Noronba, 268'
View of pii.'sted clayey layer, 2l'
View on Ilocbu-Moutonmiio Creek,
250'
View of rocks detached by waveaction. Mount Desert, 219', 220
View of ruck disrupted by routs of
trees, 157'
View of sandstone veins, Oregon,
844'
View of Temple of Jupiter Semple,
849'
View of terraces on the Connecticut
River, 194'
View of traui t,IutTat flr*'etitletd, SOS'
View of tii1 dcpoit, Lake Mono,
132'
View of upturned Cretaceous beds
near Abu Roa.sch, 113)e
View of Vstiitts, 266'
View of water-and-gas geyser, Pa.,
60$'
View of West Rock, 81)4'
irgen, Rio. See Virgin River
Virgin River. $89, 868
Virginia, 2:1 (bright). 24, 125, 858,
857, 855, %8, 857, 43, 4135; iron
ore b'ds, 127, 449; section of
rocks, 855; upturnlngs in, 582,
SOS
Virglorla, Vlrgiorian, 174
'irguiian group. 791
Vis' limestone, 696
Mt.. 266
\'ltritlablt' clay, 815
Vitriol. 70
'itu1ina, 627
Viverra, 927
Viviparous Mammals, 415
Vi'iparus, 850; iluvlorum, 861'
Volcanic action and its causes. 277
293; readied Its maximum In
liter Cretaceous and Tertiary,
:120
Volcanic ashes, eolian transportation of, sim ; deposited over the
sea bottom, (86
- belt separating northern and
southern continents, 91)4
- tsmil's, 28704, 2895
- eruptions, earthquakes not osson
tint in, 2511
- glass, 845, 86, 81, 268, 260,272
2s95
- mud. See Tufa
- necks, 2905
-rocks, 54, 272, 298
- vapors, 21355, 269, 971-282, 258-.
288 (passim); work of spent
vapors. 298-295
Volcanoes, distribution of, 295-297;
number, 297; occurrence in lines,
282; of continents mostly on
their borders. 295, 892;
conti-nental
distinguished front oceanic,
870
-, carbonic acid from, 12$, 278
-, extinction of. 290-291; interior
of, before end after extinction,
290, 291
Volga, 88
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Water, arrangement of seas, 16;
Volglan, 760, 700
Voisella scaipra, 760
Composition of, 71§; character
istics of, 170-171; amount ab
Voitzla, 750, 774; beterophylla, 698,
sorbed within the earth, 201)
770, 773
freezing and frozen: glaciers and
Voluntomorpha Eufaulensis, 854
Voltita, 922; amblgna, 926; athleta,
icebergs, 118, 171, 280-258
926; Newcombiana, 915; nodosa, -as a chemical agent, 118; as a
solvent, 118, 119, 121, 129; chem
925; Showaltori, 915; Wether
elI!!, 925
ical absorption of, 128; carbonic
acid In rain, river, and sea, 12$
Volutilithes Ilaleanus, 916 ; ilmop
sis, 896, 915; rugatus, 896*, 915 Water-lime group, 410, 585, 552, 558,
554, 555, 556, 558, 559, 570, 571,
Vosges, 310, 626, 784 (upturnings'),
788; Archa?an in, 456; Triassic,
606; American species occurring
elsewhere, 509
768
Water-line of coasts, 346
Vosgian, 788, 769, 778
Vraconnlan, 859
Water-sculpture ofmountains, 185,
186*
Vulcano, 276
Water-spout, 168
Waterfalls, 114, 184. 185; In glacier
Wangenoceras, 686
crevasses, 251)
Wabash River, 941
Wachita Mts. See Ouachita
Waterglass, 185
Wave-marks, 94, 588
Wacke, S0, 408
Waders, 141 (easily fossilized), 852, Waverly group, 61)4, 088
902
Waves, action and force of, '210, 212
Wadesboro Triassic area, 741
height, of, 213, 216; [halt, of deWãidorthon, 865
nudation by, 219, 221. See also
Tidal wave
Wairoa series, 770
Wakes Island, 88
Wayiiesburg coal-beds, 651, 657,668,
Walchia, 693, 699, 704, 750; pInt
(177
formis, 699, 704, 705*
Weald axis, 986
Waldheimia, 59; compacta, 690; Wealden epoch, 858
Weasel, 924
dlgona, 790; huineralis, 791
Wales. 173, 191, 370, 463,464;
Weathering, 128, 186
erup-tions
in, 518; upturnings In, 584, Weher, 360k, 861, 862
- conglomerate, 659; quartzyte,
733; geological map of, 694*
Archaan
in,
Cambrian,
659
-,
456,457;
451, 480, 481 ; Lower Silurian, Weevils, 771
517, 51s, 520; Upper Silurian, Welssliegende, 697
568, 564, 568, 574; Devonian, 622, Wellenkulk, 769, 173
625; Subearboniferous, 695; Car Wellington Strait, 544, 552
boniferous, 822, 66?, 698, 694*, Wells. See Artesian ; Mineral oil
695, 696, 784; Permian, 784; Tri Welwltschla, 4435, 674; ,,nirablils,
assic, 768
485*
Walker's Lake, 757
Wengen shales, 174
Wallala beds, 830, 840
Wenlock Edge, Scotland, 584
- group, 468, 519, 568, 504, 505, 560,
Walnut clays, 817; sands, 836
567, 568
Warrior coal-fields, 648, 657
- limestone, 563; shale, 568
Warsaw group, 684, 087, 688
Wasatch Eocene basin or hike, 860, Werfen (Werfenian) beds, 769, 778
861, 865, 881*, 882, 898
Werrierite, 65
-limestone, 580, 581, 659
West Humboldt. See humboldt
Wasatch Range, 24, 25, 840, 859, West India basin, 857
860's (map), 874
West Indies, 19, 21, 22, 40 (trends),
-, Archxean in, 444,447; Cambrian,
145 (coral reefs), 158, 296 (volca
noes), 428, 429, 481, 578, 891 (Mb469; Trenton, 494; Upper 811u
Devonian,
860*,
861,
cone)
541;
ran,
862, 580, 581; Carboniferous, West Peak, Col., 266
860, 861, 862; Mesozoic, 880; West River, '227
Triassic, 747; Jurassic, 747, 760; West Rock dike and Ridge, 299*,
Cretaceous, 860*, 861 ; post-Mes
802*, 808, 801*, 802, 803, 804
ozoic, 814, 875; Tertiary, 865,
(view), $115, 81)6, 808
866,984
West Virginia, height of, 23;
Washakie group or basin, 886, 898
m111-oral
oil in, 6(17, 608
Washburn, Mt., 276, 296 (height)
Western border region. Sec Pacific
border
Washington, Mt., Mass., 104, 105*,
528, 580
Western Continental Interior (sea)
of N. America, 575, 580, 685, 789,
Washington, state, mean height of,
872 ; Triassic and Jurassic in,
28; glaciers of, 240; volcanoes of,
746-749, 756-768; Cretaceous,
296,987; coal of, 831; Tertiary in,
885, 892
818*, 814, 867, 818, 880; TertIary,
Washita epoch or group, 815, 817,
880
819, 886; limestone, 817, 887
Western Isles of Scotland, 288

Wcstphnhin, 627; coal-beds, 696
Wettursteiii, 774
Whale-hone Whales, 912*, 925
Whales, 56, 144, 415, 91)2, 908, 912,
1)97 (toothed), 981 ; ear-bones of,
dredged, 144
'Whetstone, S0
Whip-snake, 682
White ants, 151)
White Bluff bed, 889
White Cliii' group, 747
White Fish River, 445
White Island, eruption, 874
White Lias, 774, 790)
White Mts., N. II.. landslide In, 208
Incipient glacier in, 234; Arctic
plants of', 1)45, 1)46
White Pine district, 495
White River, 894, 901
White lllver beds, 884, 886, 893
White Sea, 521, 7138
Whitikildella didyuui, 567 ; ultida,
548*, 551 ; oblata, 549
Whitney, Mt., 81))
Whittleseva, 1389; elegans, 674
Whortleberry, 1)21
Winiunmnutta shale, 699
Wichita, 660
Wight, Isle of, 920, 926
Wild Boar, 14, 902, 927
Willamette River, 30
Willoughby, Mt., 1)45
Willow, 887, 859, 879
Willow Creek beds, 830
Willow River limestone, 498
Wind, 89; denudation by, 159
Wind-drift coral rocks, 151 ; struc
ture, 93*$, 16?
Wind-made waves and currents,
166, 212, 216
Wind River basin and group, 884,
886, 898, 918; Mts., 240 (glaciers),
689, 748, 945
Windsor series, 639
Windward Islands, 44
Winnipeg Lake, 29, 199, 200, 515,
524, 55?: climate of, 944; dis
charge into the Mississippi, 947;
In the ('hauuimlalmi period, 985
Winnipegosis (Lake), 594
Winooskl limestone, 461, 472
Wisconsin, 93 (height), 586, 944
(rainfall) ; lend mines, 842, 522
\Vodnikmi striuLtulu, 707
Wall, 924, 927
Wolf Creek conglomerate, 005
Wood brought (Iowa by rivers, 191
carbonized, S912; composition of,
74, 128, 713; decomposition Of,
123, 124, 4113; sillcitled, 125, 185,
148, '250, 300, 802 (sec also Petri
factions)
Woodchuck, 915
Woodoerinims clegans, 640*, (146
'Woo(Il)e('kcr, 91)2
Wood's Bluff beds, 888
Woodvllbe sandstone, 057
Wood wardia Intlloha, 889
Wooihumpe beds, 568
Woolwich beds, 925
Worcester, Mass., 458, 461, 688,
(185, 640, 058, 714, 782

INDEX.
Worm-burrows, Arehan, 446;
Cambrian, 464, 470, 477*, 480;
lliirnilton, 598
Worms, Sea, 59; trafla of, 95; work
of common earth-, 156;
charac-teristics
of, 418, 419, 420*, 428S,
437; Cambrian, 469, 474, 477*,
487
Wrangol Ray, 747
Wright, Mt., 288
Writing slate. See Roofing slate
Wyoming, height of, 28, 29, 85,
888, 360, 865, 808; Archwan, 449;
Cambrian, 466, .170; Subearbonlf
erous, 089 ; Coal-measures, 9(12
Triassic, 746, 747 ; Jurassic, 74$,
760, 761, 768, 767, 708; Croi
ceous, 825 (coal), 826, 828 (coal),
845, 847, 848, 849, 876; Tertiary,
882, 888, 893, 894, 906, 907; Gla
cial, 945
Xanthidla, 582,15S8*, 559
Xenoneura antiquorum, 600*
Xiphodon, 924, 920; gracllls, 924*,
926
Xylohtns, 701 ; fractus, 691; Ma
zonus, 691 ; slinllis, 691 ; sigilla
rhe, 678*, 682, 691, 708
Xystrodus, 692
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Yabionol Mts., 82
Yang-tsc-Kiang, 80, 198
Yellow ocher, 716, 126

Yellow River, China. See iloang
Ho
Yellow Son, 108
Yellowstone Lake, 200, 806
Yellowstone National Park, 29, 80;
goysirite, 82, 152; Obsidian cliff,
84, 263; Death Gulch in, 128;
calcareous deposits or travertine,
79, 181, 152; volcanic peaks of,
296; lltIlOi)bysOS in, 887; time
of eruptions, 876, 987; geyser
region, hot springs, etc., 185, 805,
806; siliceous Algte, 152
Yellowstone River, 29, 260, 880,
937
Yonisel River, 80
Yews, 58, 485, 596, 689, 606, 678,
(155, 718, 785
Yoldla, 760, 917; nrctlcn, 984, 995,
997; Claibornensis, 915; eborea,
915; glacialls, 988, 984; liiuatula,
917, 984; sapotlila, 917
'oredalo group, 095
Yorktown epoch, 884, 891, 899*
Yosemite domes, origin of, 260
Yosemite valley, 810
Ypresian group, 025
Yttrium, 441)
Yucatan, 40, 44
Yukon district, 818, 868
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tus, 884; borealis, 884; Montana,
888, 884; occidentalls, 756
Zanclean beds, 927
Zanskar district, 456, 71)1
Zanzibar, 88
Zaphrentls, 515, 510, 551, 552, 562,
579, 591, 597, 611, 640, 674, 700,
718; bllntorails, 545*, 550; Cans
densls, 515; 1dwardsl, 500; gi
gantea, 554*, 590, 591 ; haul, 601
minas, 646; proliflea, 590; Rafi
nesquhi, 584*, 590; simplex, 601;
spinulosa, 646
Zcnerlnus, 646, 690
Zebra, 54
Zechsteln, 697, 707
Zeoiitos, (18, 78, 812; at Plombières,
828; origin of, 886
Zermatt, glacier of,. 287*
Zero-strain, depth of, 884, 885, 887
Zeuglodon, 822, 908, 912, 928, 981;
cetoldes, 908*
Zinc ores, 70, 840, 842, 449, 542
Zlphias, 144
Zircon, 67, 85, 455; syonyte, 856,
447
Zlrconia, 67
Zirconitic granite, 88
Zirconium, 449
Zizyphus fibrillosus, 889
Zoantharla, 481
Zambesi River, 30, 88
Zoislte, 666, 88, 818
Zamia, 484, 750
Zones, 407
Zaxnltcs acutipenni8, 888, 884; apor- Zygospira modesta, 514, 516

CORRIGENDA
Page

93'
237,
525,
572,
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716,

"
"

988,
1036,

AND

ADDENDA.

Fo,
iO. 62 should be inverted.
3d line from foot, for " Lauterarr," read " Lauteraar."
13th line, for " Area," read " Area."
"
"
25th line, for
geanticline," read
geosyncline."

25th line, after "was," read "much longer than Neopaleozoic;"
27th line, for "6:1:2: 2," read "7 (or 8): 1:2:2;" also add to
the paragraph : "The Eopaleozoic, as has been shown (pages
509, 520), continued on after the first appearance of Fishes and
Insects, types that were formerly supposed to date from the
Devonian."
9th line, after "1895," add "and F. B. Taylor, Am. Jour. Sc., 1895."

add: "The Memoir by E. Dubois on Pithecanthropus erectns is
noticed in the number of the Am. Jour. Sc. for February, 1895."
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CORRESPONDENCE WITH CHARLES DARWIN
DANA TO DARWIN
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"NEW HAVEN, February 5, 1863.
"The arrival of your photograph has given me great
I value it all
pleasure, and I thank you warmly for it.
He must be a
the more that it was made by your son.
proficient in the photographic art, for I have never seen
a finer black tint on such a picture.
I hope that ere this you have the copy of the Geology
(and without any charge of expense, as was my intention).
I have still to report your book [ The Origin of Species]
unread; for my head has all it can now do in my college
duties.
"I have thought that I ought to state to you the
ground for my assertion, on page 602, that geology
has not afforded facts that sustain the view that the
system of life has been evolved through a method of
There are three
development from species to species.
difficulties that weigh on my mind, and I will mention
them:
i. The absence, in the great majority of cases, of
those transitions by small differences required by such a
As the life of America and Europe has been
theory.
with few exceptions independent, one of the other, it is
right to look for the transitions on each continent sepa
The reply to this difficulty is that the science of
rately.
is
geology
comparatively new and facts are daily multiply
But this admits the proposition that geology does
ing.
not yet afford the facts required.
2. The fact of the commencement of types in some
cases by their higher groups of species instead of the
lower,-as fishes began with the selachians, or sharks,
the highest order of fishes, and the ganoids, which are
above the true level of the fish, between fishes and rep
tiles.
In the introduction of land plants, there were
acrogens and conifers and intermediate types, but not
the lower grade of mosses, seemingly the natural step
ping-stone from the seaweeds. The species, Lepidodendra,
sigillarids, are examples of those intermediate or compre
hensive types with which great groups often began, and
seem to explain the true relations of such types; but they
were not transitional forms in the system of life, but rather
the commencing forms of a type.
If I advocate your
313
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DANA

theory, I think I should take the ground that there were
certain original points of divergence from time to time
introduced into the system, as indicated by the compre
hensive types.
3. The fact that with the transitions in the strata and
formations, the exterminations of species often cut the
threads of genera, families, and tribes,-and sometimes,
also, of the higher groups of orders, classes, and even
subkingdoms; and yet the threads have been started
The transition, after the carbonif
again in new species.
erous age was one apparently of complete extermina
tion both in America and Europe, when all threads were
cut; and yet life was reinstated, and partly by renewing
with species old genera in all the classes and subkingdoms,
besides adding new types.
"You thus see that I have not spoken positively on
page 602 without thinking I had some foundation for it.
I speak merely of the geological facts that bear on the
(or any) theory of development, not of facts from other
sources.
"You say in your letter that according to Mr. Fal
coner, Professor Owen has not done his work well with
I should be very glad to know what
the reptilian bird.
I should like also to have his
are Mr. Falconer's views.
present opinions with respect to the mesozoic mammals
of England, or, at least, to be informed whether he sus
tains the conclusions he first published on the subject.
I have quoted from Owen in my book because his pub
lications were more recent, not that I have greater con
fidence in his opinions or knowledge."
DARWIN TO DANA
"DOWN, BROMLEY, KENT, February 20 [I863.
I received a few days ago your book, and this morn
I am
ing your pamphlet on Man and your kind letter.
that
head
is
not
and
what
heartily sorry
your
yet strong,
ever you do, do not again overwork yourself.
Your book
is
a
monument
of
labor,
[Manual of Geology]
though I
have as yet only just turned over the pages.
It evidently
contains a mass of valuable matter.
With respect to the change of species, I fully admit
I have noticed them,
your objections are perfectly valid.
314
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CORRESPONDENCE WITH CHARLES DARWIN
excepting one of separation of countries, on which per
I admit that if we
haps we differ a little.
really now
know the beginning of life on this planet, it is absolutely
I admit the same if the
fatal to my views.
geological
record is not excessively imperfect; and I further admit
that the a priori probability is that no being lived below
our Cambrian era.
Nevertheless I grow yearly more convinced of the
general (with much incidental error) truth of my views.
I believe in this from finding that my views embrace so
many phenomena and explain them to a large extent.
I am continually pleased by hearing of naturalists (within
the last month I have heard of four) who have come
round to a large extent to the belief of the modification
As my book has been lately somewhat at
of species.
tended to, perhaps it would have been better if, when
you condemned all such views, you had stated that you
But pray do not sup
had not been able yet to read it.
that
I
think
for
one
instant
that,
with your strong
pose
and slowly acquired convictions and immense knowledge,
The utmost that I
you could have been converted.
could have hoped would have been that you might pos
Indeed, I
sibly have been here or there staggered.
should not much value any sudden conversion, for I
remember well how many years I fought against my pres
ent belief.
.
.
."
DANA TO DARWIN
"NEw HAVEN, May 23, 1872.
"I have addressed to you a copy of my hook on Corals
and Coral Islands, and have commissioned my son, Ed
ward S. Dana, to present himself along with it, and also
to assure you of my unfailing esteem, and my admiration
for your labors in behalf of Science.
My son, having
graduated at our University, goes to Europe to continue
his studies in Science next autumn in Germany.
In the
meantime he looks forward to excursions during the sum
mer in the Alps, as one means of
benefiting his health,
now somewhat
impaired.
"I was sorry that your sons did not visit New Haven
when on this continent, and
give me a chance to show
of
their
father."
my appreciation
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