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PREFACE TO THE FIFTH EDITION.

IT is now more than three years since the app,earance of the

last Edition of the Manual (published January, 1851). In that

interval the science of Geology has been advancing as usual

at a rapid pace, making it desirable to notice many new facts

and opinions, and to consider their bearing on the previously

acquired stock of knowledge. In my attempt to bring up the

information contained 1n this Treatise to the present state of

the science, I have added no less than 200 new Illustrations

and 140 new pages of Text, which, if printed separately and in

a less condensed form, might have constituted alone a volume

of respectable size. To give in detail a list of all the minor

corrections and changes would be tedious; but I have thought
it useful, in order to enable the reader of former editions to

direct his attention at once to what is new, to offer the follow

ing summary of the more important additions and alterations.

Principal Additions and Alterations in the present Edition.

CHAP. IX.-" The general Table of Fossiliferous strata," 'formerly
placed at the end of Chapter XXVII., is now given at p. 104, that the

beginner may accustom himself from the first to refer to it from time to
time when studying the numerous subdivisions into which it is now

necessary to separate the chronological series of rocks. The Table na
been enlarged by a column of Foreign Equivalents, comprising the names
and localities of some of the best known strata in other countries of con

temporaneous date with British Formations.
CHAP. XIV._-X\Tl._TJje classification of the Tertiary formations has

been adapted to the information gained by me during a tour made in the
summer of 1851 in France and Belgium. The results of my survey were
printed in the Quarterly Journal of the Geological Society of London for
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1852. In the course of my investigations I enjoyed opportunities of

determining more exactly the relations of the Antwerp and the Suffolk

crag, p. 173; the stratigraphical place of the Bolderberg beds near

Hasselt., p. 178; that of the Limburg or Kicyn Spawen strata, p. 188;

and of other Belgian and French deposits. In reference to some of these,

the questions so much controverted of late, whether certain groups should

be called Lower Miocene or Upper Eocene, are fully discussed, p. 183,

et seq.
In the winter of 1852, I had the advantage of examining the northern

part of the Isle of Wight, in company with my friend the late lamented

Professor Edward Forbes, who pointed out to me the discoveries he had

just made in regard to the true position of the Hempstead series

(pp. 185-192), recognized by him as the equivalent of the Kleyn

Spawen or Limburg beds, and his new views in regard to the relation of

various members of the Eocene series between the Hempstead and Bag
shot beds. An account of these discoveries, with the names of the new

subdivisions, is given at pp. 208 et seq.; the whole having been revised

when in print by Edward Forbes.
The position assigned by Mr. Prestwich to the Thanet sands, as an

Eocene formation inferior to the Woolwich beds, is treated of at p. 221,

and, the relations of the Middle and Lower Eocene of France to various

deposits in the Isle of Wight and Hampshire at p. 222 et seq. In. the
same chapters, many figures have been introduced of characteristic or

ganic remains, not given in previous editions.

CHAP. XVIL-In speaking of the Cretaceous strata, I have for the first
time alluded to the position of the Pisolitic Limestone in France, and
other formations in Belgium intermediate between the White Chalk and
Thanet beds, p. 235.

CHAP. XVffl.-The Wealdeu beds, comprising the Weald Clay and

Hastings Sands apart from the Purbeck, are in this chapter for the first
time considered as belonging to the 'Lower Cretaceous Group, and the
reasons for the change are stated at p. 263.

CHAP. XIX.-Pelatcs to "the (lenudation of the Weald," or of the

country intervening between the North and South Downs. It has been
almost entirely rewritten, and some new illustrations introduced. Many
geologists have gone over that region again and again of late years,
bringing to light new facts, and speculating on the probable time, extent,
and causes of so vast a removal of rock. I have endeavored to show ho
numerous have been the periods of denudation, how vast the duration of
some of them, and how little the necessity to despair of solving the prob
lem by an appeal to ordinary causation, or to invoke the aid of imagi
nary catastrophes and paroxysmal violence, pp. 271-200.

CHAP. XX.-XXI.-O the strata from the Oolito to the Lias inclu
sive. The Purbeek beds are hero for the first time considered as the
uppermost member of the Oolite, in accordance with the opinions of the
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late Professor E. Forbes, p. 294. Many new figures of fossils character

istic of the subdivisions of the three Purbecks are introduced; and the

discovery, in 1854, of a new inammifer alluded to, p. 205.

Representations also of fossils of the Upper, Middle, and Lower Oolite,

and. of the Lias, are added to those before given.
CHAP. =.-XXHI.-On the Triassic and Permian formations.

The improvements consist chiefly of new illustrations of fossil remains.

CHAP. =IV.-XXV.-Treatiug of the Carboniferous group, I have

mentioned the subdivisions now generally adopted for the classification of

the Irish strata (p. 359), and I have added new figures of fossil plants to

explain, among other topics, the botanical characters of Calamites, Stern

bergia, and Trigonocarpum, and their relation to Conifcrc (pp. 364, 365,

$68). The grade also of the Couiferie in the vegetable kingdom, and
whether they hold a high or a low position among flowering plants, is dis
cussed with reference to the opinions of several of the most eminent

living botanists; and the bearing of these views on the theory of progres
sive development, p. 3'7O.
The casts of rain-prints in coal-shale are represented in several wood

cuts as illustrative of the nature and humidity of the carboniferous

atmosphere, p. 381. The causes also of the Purity of many seams of
coal, p. 382, and the probable length of time 'which *as required to
allow the solid matter of certain coal-fields to accumulate, p. 383, are
discussed for the first time.

Figures are given of Crustaceans and Insects from the Coal, pp.
385, 36; and the discovery of some new Reptiles is alluded to, p. 401.

I have also alluded to the causes of the rarity of vertebrate and inver
tebrate air-breathers in the coal, p. 401.

That division of this same chapter (Chap. XXV.) which relates to the
Mountain Limestone has been also enlarged by figures of new fossils, and

among others by representations of Corals of the Paleozoic, as distin
guishable from those of the Neozoic, typo, p. 403; also by woodcuts o
several genera of shells which retain the patterns of their original colors,
p. 406. The foreign equivalents of the Mountain Limestone are also
alluded to, p. 409.

CHAP. XXVL-In speaking of the Old Red Sandstone, or Devonian
Group, the evidence of the occurrence of the skeleton of a Reptile and
the footprints of a Cheloniau in that series are reconsidered, p. 412.
New plants found in Ireland in this formation are figured, p. 414; also
the Pterygotus, or large crustacean of ForItrshire, P. 415 ; and, lastly, the
division of the Devonian series in North Devon into Upper, Middle, and
Lower, p. 420, the fossils of the same (p. 421 et seq.), and the equivalents
of the Devonian beds in Russia and the United States, arc treated of,
p. 425 and 428.

CHAP. XXVI1.-The classification and nomenclal tire of the Silurian
rocks of Great Britain, the Continent of Europe, and North America, ind
the question whether they can be distiiiguis!ied from the Cambrian, and
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by what paleontological characters, are discussed in this chapter, pp. 420,

4477-and 453.
The relation of 'the Caradoc Sandstone to the Upper and Lower Silu

rian, as inferred from recent investigations (p. 43'7), the vast thickness of

the Llandejlo or Lower Silurian in Wales (p. 442), the Obolus or Ungu
lite grit of St. Petersburg and its fossils (p. 443), the Silurian strata of

the United States and their British equivalents (p. 444), and those of

Canada, the discoveries of M. Barrande respecting the metamorphosis of

Silurian and Cambrian trilobites (pp. 441, 450), are among the subjects

enlarged upon more fully than in former editions, or now treated of for

the first time.
The Cambrian beds below the Liandeilo, and their fossils, are likewise

described as they exist in Wales, Ireland, Bohemia, Sweden, the United

States, and Canada, and some of their peculiar organic remains are fig
ured, p. 447 to p. 453.

Lastly, at the conclusion of the chapter, some remarks are offered re

specting the absence of the remains Offish and other vertebrata from the

deposits below the Upper Silurian, p. 453, in elucidation of which topic
a Table has been drawn up of the dates of the successive discovery of dif
ferent classes of Fossil Vertebrata in rocks of higher and higher anti

quity, showing the gradual progress made in the course of the last

century and a half in tracing back each class to more and more ancient
rocks. The bearing of the positive and negative facts thus set forth on
the doctrine of progressive development is then discussed, and the

grounds of the supposed scarcity both of vertebrate and invertebrate air
breathers in the most ancient formation considered, p. 456.

CHAP. XXVIEL-With the assistance of an able mineralogist, M.
Delesse, I have revised and enlarged the glossary of the more abundant
volcanic rocks, p. 472, and the table of analyses of simple minerals,
p. 475.

CHAP. X=.-In consequence of a geological excursion to Madeira
and the Canary Islands, which I made in the winter of 1853-4, I have
been enabled to make larger additions of original matter to this clapter
than tc any other in the work. The account of Teneriffe and Madoira,
pp. 510, 518, is wholly new. Formerly I gave an abstract of Von Buch's
description of the island of Palma, one of the Canaries, but I have now
treated of it more fully from my own observations, regarding Palma as a
good typo of that class of volcanic mountains which have been called byVon Buch "craters of elevation," PP. 494-508. Many illustrations,
chieflyfrom the pencil of my companion and fellow-laborer, Mr. Hartung,have been introduced. In reference to the above-mentioned subjects,citations are made from Dana on tho Sandwich Islands, p. 489, and from
Junghuhn's Java, p. 492.

Cn.tp. XXXV.-XLXVU._T110 theory of the origin of the meta
morphic rocks and certain views recently put forward by some geolo
gists respecting cleavage and foliation have made it 'desirable to recast
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and rewrite a portion of these chapters. New proof are cited in favor of

attributing cleavage to mechanical force, p. 603, and for inferring in many

cases a connection between foliation and cleavage, p. 008. At the same

time, the question-how far the planes of foliation usually agree with

those of sedimentary deposition, is entered into, p. (307.

CHAP. XXXVill.-To the account formerly published of mineral

veins, some facts and opinions are added respecting the age of the rocks

and alluvial deposits containing gold in South America, the United

States, California, and Australia.

I have already alluded to the assistance afforded me by the

late Professor Edward. Forbes towards the improvement of

some parts of this work. His letters suggesting corrections

and. additions were, continued to within a few weeks of his

sudden, and unexpected death, and I felt most grateful to him

for the warm intelest, which, in the midst of so many and

pressing avocations, he took in the success of my labors. His

friendship, and the power of referring to his sound judgment in

cases of difficulty on paleontological and other questions, were

among the highest privileges I have ever enjoyed in the course

ofmy scientific pursuits. Never perhaps has it been the lot of

any Englishman, who had not attained to political or literary

eminence, more especially one who had not reached his fortieth

year, to engage the sympathies of so wide a circle of admirers,

and to be so generally mourned. The untimely death of such

a teacher was justly felt to be a national loss; for there was a

deep conviction in the minds of all who knew him, that genius
of so high an order, 'combined with vast acquirements, true

independence of character, and so many social and moral ex

would have inspired a large portion of the rising

generation with kindred enthusiasm for branches of knowledge
nitherto neglected in the education of Bi'itiIi youth.
As on former occasions, I shall take this opportunity of

stating that the "Manual" is not an epito1ic of the "Principles
of Geology," nor intended as introductory to that work. So

much confusion has arisen on this subject, that it is desirable

to explain fully the different ground occu1)icd by the two pub.
iications. The first five editions of the "

Principles" comprised
a 4th book, in which some account was given of systematic
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geology,, and in which the principal rocks composing the

earth's crust and their organic remains were described. In

subsequent editions this 4th book was omitted, it having been

expanded, 1838, into a separate treatise called the "Elements

of Geology," first re-edited in 1842, and again recast and en

larged in 1851, and entitled
CC A Manual of Elementary Geol

ogy." Of this enlarged work anothei edition, called the

Fourth, was published in 1852.

Although the subjects of both treatises relate to Geology, as

their titles. imply, their scope is very different; the "Princi

pies" containing a view of the moc1ei'm changes of the earth and

its inhabitants, while the "Manual" relates to the monuments

of ancient changes. In separating the one from the other, I

have endeavored to render each complete in itself, and inde

pendent; but if asked by a student which he should read first,

I would recommend him to begin with the "Principles," as

he may then proceed from the known to the unknow and be

provided beforehand with a key for interpreting the ancient

phenomena, whether of the organic or inorganic world, by
reference to changes now in progress.

It will be seen on comparing "The Contents" of the "Prin

ciples" with the abridged headings of the chapters of the

present work (see the following pages), that the two treatises

have but little in. common; or, to repeat what I have said in

the Preface to the "Principles," they have the same kind of
connection which Chemistry bears to Natural Philosophy, each

being subsidiary to the other, and yet admitting of being con
sidered as different departments of science."

CHARLES LYELL.
53 ilarley-sereet, London, February 22, 1855.

* As it is impossible to cnabh the reader to recognize rocks and minerals at
sight by aid of verbal descriptions or figures, he will do well to obtain a well
arranged collection of specimens, such as may be procured from Mr. Tcnnant (149Strand), teacher of Mineralogy at King's College, London.
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ELEMENTARY GEOLOGY.

CHAPTER I.

ON THE DIFFERENT CLASSES OF ROCKS.

Geology defined-Successive formation of the earth's crust-Classification cf
rocks according to their origin and age-Aqueous rocks-Their stratification
and imbedded fossils-Volcanic rocks, with and without cones and craters
Plutonic rocks, and their relation to the volcanic-Metamorphic rocks and their

probable origin-The term primitives why erroneously applied to the crystal
line formations-Leading division of the work.

OF what materials is the earth composed, and in what manner are these

materials arranged? These are the first inquiries with which Geology
is occupied, a science which derives its name from the Greek y% ge, the

earth, and ?oog, logos, a discourse. Previously to experience, we might
have imagined that investigations of this kind would relate exclusively
to the mineral kingdom, and to the various rocks, soils, and metals,
which occur upon the surface of the earth, or at various depths beneath
it. But, in pursuing such researches, we soon find ourselves led on to
consider the successive changes which have taken place in the former
state of the earth's surface and interior, and the causes which have given
ise to these changes; and, what is still more singular and unexpected,
we soon become engaged in researches into the history of the animate
creation, or of the various tribes of animals and plants which have, at
different periods of the past, inhabited the globe.

All are aware that the solid parts of the earth consist of distinct sub
stances, such as clay, chalk, sand, limestone, coal, slate, granite, and the
like; but previously to observation it is commonly imagined that all
these had remained from the first in the state in which we now see
them,-that they were created in their present form, and in their prcent
position. The geologist 80011 comes to a different conclusion, discovering
I)1oo that the external parts of the earth were not all produced in the

beginning of things, in the state in wliidi we now behold them, nor in
an instant of-time. On the contrary, he can show that they have acquired
their actual cciifigiiratim and condition gradually, under a great variety
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of circumstances, and at successive periods, during each of which distinct

races of living beings have flourished on the land and in the waters, the

remains of these creatures still lying buried in the crust of the earth.

By the "earth's crust," is meant that small portion of the exterior of

our planet which is accessible to human observation, or on which we are

enabled to reason by observations made at or near the surface. These

reasonings may extend to a depth of several miles, perhaps ten miles;

and even then it may be said, that such a thic1ess is no more than
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part of the distance from the surface to the centre. The remark is just;

but althougli the dimensions of such a crust are, in truth, insignificant
when compared to the entire globe, yet they are vast, and of magnificent
extent in relation to man, and to the orgauic beings which people our

globe. Referring to this standard of magnitude, the geologist may
admire the ample limits of his domain, and admit., at the same time,

that not only the exterior of the planet, but the entire earth, is but an

atom in the midst of the countless worlds surveyed by the astronomer.

The materials of this crust arc not thrown -together confusedly; but

distinct mineral masses, called rocks, are found to occupy definite spaces,
and to exhibit a certain order of arrangement. Time term rock is applied
indifferently by geologists to all these substances, whether they be soft or

stony, for clay and sand. are included in the term, and some have even

brought peat under this denomination. Our older writers endeavored
to avoid offering such violence to our language, by speaking of the com

ponent materials of the earth as consisting of rocks and soils. But there
is often so insensible a passage from a soft and incoherent state to that
of stone, that geologists of all countries have found it indispensable to
have one technical term to include both, and in this sense we find roche

applied in French, rocca in Italian, and felsart in German. The beginner,
however, must constantly bear in mind,that the term rock by no means
implies thata mineral mass is in an indurated or stony condition.
The most. natural and convenient mode of classiting the various rocks

which compose the earth's crust., is to refer, in the first place, to their
origin, and in the second to their relative age. I shall therefore begin
by endeavoring briefly to explain to the student how all rocks may be
divided into four great classes by reference to their different origin, or, in
other words, by rcfrencc to the different cireumstamices and causes bywhich they have been produced.

ar
The first two divisions, which will -it once be understood as natural.re the aqueous and volcanic, or the products of watery and those of

igneous action at or near the surface.
Aqueous rocks.-Th0 aqueous rocks, sometiines called the sedimentary,or fossiliferous, cover a larger part of the earth's surface than any others.These rocks are stratified, or divided into distinct layers, or strata. Theterm stratum means simply a bed, or any timing spread out or strewedover a given surface; and we infer that these strata have been generallyspread out by the action of water, from what we (laity see taking placenear the nioutlis of rivers, or on the land duritig temporary inundations.
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For, whenever a running stream chargedwith mud or sand, has its ve

locity checked, as when it .enters a lake or sea, or overflows a plain, the

sediment, previously held in suspension by the motion of the water

sinks, by its own gravity, to the bottom. In this manner layers of mud

and sand are thrown down one upon another.

If we drain a lake which has been fed by a small stream, we frequently
find at the bottom a series of deposits, disposed with considerable regu

larity, one above the other; the uppermost, perhaps, may be a stratum

of peat, next below a more dense and solid variety of the same material;

still lower a bed of shell-marl, alternating with peat or sand, and then

other beds of marl, divided by layers of clay. Now, if a second pit be

sunk through the same continuous lacustrinefirmation, at some distance

from the first, nearly the same series of beds is commonly met with, yet
with slight variations; some, for example, of the layers of sand, clay, or
marl, may be wanting, one or more of them having thinned out and

given place to others, or sometimes one of the masses first examined is
observed to increase in thickness to the exclusion of other beds.
The term "forinatkn," which I have used in the above explanation,

expresses in geology any assemblage of rocks which have some character
in common, whether of origin, age, or composition. Thus we speak of
stratified and unstratified, freshwater and marine, aqueous and volcanic,
ancient and modern, metalliferous and non-metalliferous formations.
In the estuaries of large rivers, such as the Ganges and the Mississippi,

we may observe, at low water, phenomena analogous to those of the
drained lakes above mentioned, but on a grander scale, and extending
over areas several hundred miles in length and breadth. When the pe
riodical inundations subside, the river hollows out a channel to the depth
of many yards through horizontal beds of clay and sand, the ends of
which are seen exposed in perpendicular cliffs. These beds vary in their
mineral composition, or color, or in the fineness or coarseness of their

particles, and some of them are occasionally characterized by containing
drift-wood. At the junction of the river and the sea, especially in la

goons nearly separated by sand-bars from the ocean, deposits are often
formed in which brackish-water and salt-water shells are included.
The annual floods of time Nile in Egypt are well known, and time fertile

deposits of mud which they leave on the plains. This mud is stratified,
the thin layer thrown down in one season differing slightly in color from
that of a previous year, and being separable from it., as has been observed
in excavations at Cairo, and other places.*
When beds of sand, clay, and marl, containing shells and vegetable

matter, are found arranged in a similar manner in the interior of the
earth, we ascribe to them a similar origin; and time more we examine
their characters in minute detail, the more exact do we find time
resem-blance.Thus, for example, at various heights and depths in the earth,
and often far from seas, lakes, and rivers, we meet with layers of rounded

* See Principle of Geology, by the Author, Index, 11 Nile," "Rivers," &c.
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pebbles composed of flint, limestone, granite, or other rocks, resembling

the shingles of a sea-beach or the gravel in a torrent's bed. Such layers

of pebbles frequently alternate with others formed of sand or flue sedi

ment, just as we may see in the channel of a river descending from hills

bordering a coast, -where the current sweeps down at one season coarse

sand and gravel, while at another, when the waters are low and less rapid,

fine mud and sand alone are carried seaward.*

If a stratified arrangement, and the rounded form of pebbles, are alone

sufficient to lead us to the conclusion that certain rocks .originated under

water, this opinion is farther confirmed by the distinct and independent

evidence of fossils, so abundantly included in the earth's crust. By a

fossil is meant any body, or the traces of the existence of any body,

whether animal or vegetable, which hit.,, been buried in the earth by

natural causes. Now the remains of animals, especially of aquatic species,

are found almost everywhere imbedded in stratified rocks, and sometimes,

in the case of limestone, they are in such abundance as to constitute the

entire mass of the rock itself'. Shells and corals are the most frequent,
and with them are often associated the bones and teeth of fishes, frag
ments of wood, hnpressions of leaves, and other organic substances. Fossil

shells, of forms such as now abound in the sea, are met with far inland,

both near the surface, and at. great depths below it. They occur at all

heights above the level of the ocean, having been observed at elevations

of more than 8000 feet in the Pyrenees, 10,000 in the Alps, 13,000 in

the Andes, and above 18,000 feet in the Hiiiialaya.t
These shells belong mostly to marine testacea, but in some places

exclusively to forms characteristic of lakes and rivers. Hence it is con
cluded that some ancient strata were deposited at the bottom of the sea,
and others in lakes and estuaries.
When geology was first cultivated, it was a general belief; that these

marine shells add other fossils were the effects and Proofs of the deluge
of Noah; but all who have carefully investigated the phenomena have
long rejected this doctrine. A transient flood might be supposed to leave
behind it, here and there upon the surface, scattered heaps of mud, sand,
and shingle, with shells confusedly intermixed ; but the strata containing
fossils are not superficial deposits, and do not simply cover the earth, but
constitute the entire mass of mountains. Nor are the fossils mingled
without reference to the original habits and natures of the creatures of
which they arc the memorials; those, for example, being found associated
together which lived in dee1) or in shallow watei near the shore or far
from it, in brackish or in salt water.

It has, moreover, been a favorite notion of sonic modern writers, who
were aware that fossil bodies could not all be referred to the deluge,that they, and the strata in which they are entombed, might have been
deposited in the bed of the ocean dining the period which intervened

Seep. 8, hg. 7.
f Capt. B. J. Stracliey found oolitic fossils 18,400 feet high in tho Uiina1ayi
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between the creation of mau and the deluge. They have imagined
that the antediluvian bed of the ocean, after having been the receptacle
of many stratified deposits, became converted, at the time of the flood,

into the lands which we inhabit, and that the ancient continents were at

the same time submerged, and became the bed of the present seas.

This hypothesis, although preferable to the diluvial theory before alluded

to, since it admits that all fossiliferous strata were successively thrown

down from water, is yet wholly inadequate to explain the repeated revo

lutions which the earth has undergone, and the signs which the existing
continents exhibit, in most regions, of having emerged from the ocean at

an era far more remote, than four thousand years from the present time.

Ample proofs of these reiterated revolutions will be given in the sequel,
and it will be seen that many distinct sets of se limentary strata, hundreds
and sometimes thousands of feet thick, are piled one upon the other in
the earth's crust., each containing peculiar fossil animals and plants of

species distinguishable for the most part from all those now living.
The mass of some of these strata consists almost entirely of corals, others
are made up of shells, others of plants turned into coal, while some are
without fossils. In one set of strata the species of fossils are marine;
in another, lying immediately above or below, they as clearly prove
that the deposit was formed in a lake or brackish estuary. When the
student has more fully examined into these appearances, he will become
convinced that the time required for the origin of the rocks composing
the actual continents must have been far greater than that which is con
ceded by the theory above alluded to; and likewise that no one
universal and sudden conversion of sea into land will account for geo
logical appearances.
We have now pointed out one great class of rocks, which, however

they may vary in mineral composition, color, grain, or other characters,
external and internal, may nevertheless be grouped together as having a
common origin. They have all been formed under water, in the same
manner as modern accumulations of sand, mud, shingle, banks of shells,
reefs of coral, and the like, and are all characterized by stratification or
fossils, or by both.

Volcanic rocks.-The division of rocks which WO may next consider
are the volcanic, or those which have been produced at or near the sur
face whether in ancient or ]nockrn times, not by water, but by the action
if fire or subterranean heat. These rocks are for the most part unstrat
ified, and are devoid of fossils. They are more partially distributed than
aqueous formations, at least in respect to horizontal extension. Among
those parts of Europe where they exhibit characters not to be mistaken,
I may mention not only Sicily and the country round Naples, but Au
vergne, Velay, and Vivarais, now the departments of Puy do Dome,
Haute Loire, and Ardclie, towards the centre and south of France, in
which are several hundred conical hills having the forms of modern vol
canoes, with craters more or less perfect on ninny of their summits. These
cones are composed moreover of lava, sand, and ashes, similar to thns
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of active volcanoes. Streams of lava may sometimes be traced from the

cones into the adjoining valleys, where they have choked up the ancient

channels of rivers with solid rock, in the same manner as some modern

flows of lava in Iceland have been known to do, the rivers either flowing

beneath or cutting out a narrow passage on one side of the lava. Al.

though none of these French volcanoes have been in activity within the

period of history or tradition, their forms are often very perfect. Some,

however, have been compared to the mere skeletons of volcanoes, the

rains and torrents baring washed their sides, and removed all the loose

sand and scorke, leaving only the harder and. more solid materials. By
this erosion, and by earthquakes, their internal structure has occasionally
been laid open to view, in fissures and ravines; and we then behold not

only many successive beds and masses of porous lava, sand, and scorkn,

but also perpendicular walls, or dike; as they are called, of v&canic

rock, which have burst through the other materials. Such dikes are
also observed in the structure of Vesuvius, Etna, and other active
volcanoes. They have been formed by the pouring of melted matter,
whether from above or below, into open fissures, and they commonly
traverse deposits of volcanic tuff; a substance produced by the show

ering down from the air, or incumbent waters, of sand and cinders,
first shot up from the interior of the earth by the explosions of volcanic

gases.
" Besides the parts of France above alluded to, there are other countries,

as the north of Spain, the south of Sicily, the Tuscan territory of Italy,
the lower Rhenish provinces, and Hungary, where spent volcanoes may
be seen, still preserving in many cases a conical form, and having craters
and often lava-streams connected with them.

There are also other rocks in England, Scotland, Ireland, and almost

every country in Europe, which we infer to be of igneous origin, although
they do not form lulls with cones and craters. Thus, for example, we
feel assured that the rock of Stafflu, and that of the Giants' Causeway,
called basalt., is volcanic, because it agrees iii its columnar structure and
mineral composition with streams of lava which we know to have flowed
froumi the craters of volcanoes. We find also similar basaltic and other
igneous rocks associated with beds of £I in various parts of the British
Isles, and forming dikes, such as have been spoken of; and some of the
strata through which these dikes cut are occasionally altered at the
point of contact, as if they had been exposed to the intense heat of
melted matter.
The absence of cones and craters, and long narrow streams of super

ficial lava, in England and many other countries, is principally to be
attributed to the eruptions having been submarine, just as a considerabh.
proportion of volcanoes in our own times burst out beneath the sea.
But this question must be enlarged upon more fully in the chapters 011
Igneous Rocks, in which it wilL also be shown, that as different sedi
mentary formations, containing each their characteristic fossils, have
been deposited at successive pirio&1s, so also volcanic sand and scori
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have been thrown out, and lavas have flowed over the land or bed of the

sea, at many different epochs, or have been injected into fissures; so that

the igneous as well as the aqueous rocks may be classed as a chronologi
cal series of monuments, throwing light on a succession of events in the

history of the earth.
Flu tonic rocks (Granite, &c.).-\Ye have now pointed out the exist

ence of two distinct orders of mineral masses, the aqueous and the

volcanic: but if we examine a large portion of a continent, especially if

it contain within it a lofty mountain range, we rarely fail to discover

two other classes of rocks, very distinct from either of those above

alluded to, and which we can neither assimilate to deposits such as

are now accumulated in lakes or seas, nor to those generated by

ordinary volcanic action. The members of both these divisions of

rocks agree in being highly crystalline and destitute of organic remains.

The rocks of one division have been called plutonic, comprehending
all the granites and certain porphyries, which are nearly -allied in

some of their characters to volcanic formations. The members of the
other class are stratified and often slaty, and have been called by
some the crystalline sciLists, in which group are included gneiss,
micaceous-schist (or mica-slate), hornblende-schist., statuary marble,

the finer kinds of roofing slate, and other rocks afterwards to be

described.
As it is admitted that nothing strictly analogous to these crystalline

productions can now be seen in the progress of formation on the earth's
surface, it will naturally be asked, on what data we can find a place for
them in a system of classification founded on the origin of rocks. I
cannot, in reply to this question, pretend to give the student, in a few
words, an intelligible account of the long chain of facts and reasouings
by which geologists have been led to infer the analogy of the rocks in

question to others now in progress at the surface. The result, however,

may be briefly stated. All the various kinds of granite, which consti
tute the plutonic family, are supposed to be of igneous origin, but to
have been formed under great pressure, at a considerable depth in the
earth, or sometimes, perhaps, under a certain weight of incumbent.
water. Like the lava of volcanoes, they have been melted, and have
afterwards cooled and crystallized, but with extreme slowness, and under
conditions very different from those of bodies cooling in the open air.
Hence they differ from the volcanic rocks, not. only by their more crys
talline texture, but also by the absence of tuffs and breccias, which are
the products of eruptions at the earth's surface, or beneath seas of
inconsiderable depth. They differ also by the absence of pores or cel
lular cavities, to which the expansion of the entangled gases gives use
in ordinary lava.

Although granite has often pierced through other strata, it has rarely,
if ever, been observed to rest upon them, as if it had overflowed. But
as this is continually tlu case with till., volcanic rocks, they have
h)eCfl MOM, from this peciili;uit.y,

"
ivt'rlying" by Dr. MacCulloch ;
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and Mr. Necker has proposed the term "underlying" for the granit,

to designate the opposite mode in which they almost invariably present

themselves.

Metamorphic, or stratified crystalline rocks.-The fourth and last

great division of rocks are the crystalline strata and slates, or schists,

called gneiss, mica-schist, clay-slate, chlorite-schist, marble, and the like,

the origin of which is more doubtful than that of the other three

classes. They contain no pebbles, or sand, or scorke, or angular pieces

of imbedded stone, and no traces of organic bodies, and they are often

as crystalline as granite, yet are divided into beds, corresponding in

form and arrangement to those of sedimentary formations, and are

therefore said to be stratified. The beds sometimes consist of an alter

nation of substances varying in color, composition, and thickness, pre

cisely as we see in stratified fossiliferous deposits. According to the

fluttonian theory, which I adopt as the most probable, and which will be

afterwards more fully explained, the materials of these strata were origi

nally deposited from water in the usual form of sediment, but they were

subsequently so altered by subterranean heat, as to assume a new texture.

It is demonstrable, in some cases at least., that such a complete conversion

has actually taken place, fossiliferous strata ctving exchanged an earthy for

a highly crystalline texture for a distance of a quarter of a mile from their

contact with granite. In some cases, dark limestones replete with shells and

corals, have been turned into white statuary marble, and hard clays, contain

ing vegetable or other remains, into slates called mica-schist or hornblende

schist, every vestige of the organic bodies having been obliterated.

Although we are in a great degree ignorant of the precise nature of

the influence exerted in these cases, yet it evidently bears some analogy
to that which volcanic heat and gases are known to produce; and the
action may be conveniently called plutonic, because it appears to have
been developed in those regions where plutonic rocks are generated, and
under similar circumstances of pressure and depth in the earth. Whether
hot water or steam permeating stratified masses, or electricity, or any
other causes have cooperated to produce the crystalline texture, may be
matter of speculation, but it is clear that the plutonic influence has some
times pervaded entire mountain masses of strata.

In accordance with the hypothesis above alluded to, I proposed in the
first edition of the Principles of Geology (1833), the term LI

Metamorphic"
for the altered strata, a term derived from p.c-a, meta, iran; and

murphe, forma.
Hence there are four great classes of rocks considered in reference to their

01igiu,-thc aqueous, the volcanic, the plutoine, and the metamorphic. In
the course of this work it will be shown, that portions of each of these four
distinct classes have originated at many successive periods. They have all
been produced contemporaneously, and may even now be in the progress
of formation on a large scale. It is not true, as was formerly supposed,
that all granites, together with the crystalline or metamorphic strata,
were first formed, and therefore entitled to be called "primitive," and
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that the aqueous and volcanic rocks were afterwards superimposed, and

should, therefore, rank as secondary in the order of time. This idea

was adopted in the infancy of the science, when all formations, whether

stratified or unstratified, earthy or crystalline, with or without fossils,

were alike regarded as of aqueous origin. At that period it was natu

rally argued, that the foundation must be older than the superstructure;

but it was afterwards discovered, that this opinion was by no means in

every instance a legitimate deduction from facts; for the inferior parts

of the earth's crust have often been modified, and even entirely changed,

by the influence of volcanic and other subterranean causes, while super

imposed formations have not been in the slightest degree altered. In

other words, the destroying and renovating processes have given birth

to new rocks below, while those above, whether crystalline or fossilif

erous, have remained in their ancient condition. Even in cities, such as

Venice and Amsterdam, it cannot be laid down as universally true, that

the upper parts of each edifice, whether of brick or marble, are more

modern than the foundations on which they rest, for these often consist

of wooden piles, which may have rotted and been replaced one after

the other, without the least injury to the buildings above; meanwhile,

these may have required scarcely any repair, and may have been con

stantly inhabited. So it is with the habitable surface of our globe, in

its relation to large masses of rock immediately below: it may continue

the same for ages, while subjacent materials, at a great depth, are passing
from a solid to a fluid state, and then reconsolidating, so as to acquire a

new texture.
As all the crystalline rocks may, in some respects, be viewed as be

longing to one great family, whether they be stratified or unstratified,

plutonic or metamorphic, it will often be convenient to speak of them by
one common name. It being now ascertained, as above stated, that they
are of very different ages, sometimes newer than the strata called second

ary, the terms primitive and primary, which were formerly used for the
whole, must be abandoned, as they would imply a manifest contradiction.
It is indispensable, therefore, to find a new name, one which must not be
of chronological import, and must express, on the one band, some pecu

liarity equally attributable to granite and gneiss (to the plutonic as well
as the altered rocks), and, on the other, must have reference to characters
in which those rocks diflr, both from the volcanic and from the
unal-teredsedimentary strata. I proposed in the Principles of Geology (first
edition, vol. iii.), the term "hypogene" for this purpose, derived from
Co, under, and yivow, to be, or to be born; a word implying the

theory that granite, gneiss, and the tlicr crystalline formations are alike

nether-formed rocks, or rocks which ii:ivc not assumed their present
form and structure at the surfhce. They occupy the lowest place in
the order of superposition. Eye" in regions such as the Alps, where
some masses of granite and gneiss (,-.,in be shown to be of comparatively
modern date, belonging, for example, to the period hereafter to be
described as tertiary, they arc still uizderluhi:, rocks. They never repose
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on the volcanic or trappoan formations, nor on strata containing organic

remains. They are hypogenc, as "being under" all the rest.

From what has now been said, the reader will understand that each

of the four great classes of rocks may be studied under two distinct

points of view; first, they may be studied simply as mineral masses de

riving their origin from particular causes, and having a certain composi

tion, form, and position in the earth's crust, or other characters both

positive and negative, such as the presence or absence of organic re

mains. In the second place, the rocks of each class may be viewed as

a grand chronological series of monuments, attesting a succession of

events in the former history of the globe and its living inhabitants.

I shall accordingly proceed to treat of each family of rocks; first, in

reference to those characters which are not chronological, and then in

particular relation to the several periods when they were formed.

CHAPTER U.

AQUEOUS ROCKS-THEm COMPOSITION AND FORMS OF STRATIFI-
CATION.

Mineral cornpoi Lion of strata-Arenaccous rocks-Argillaceous-Calcareous--.
Gypsum-Forms of stratification-Original horizontality-Thinning out-Ding.
onal arrangement-Ripplc mark.

L-; pursuance of the arrangement explained in the last chapter, we shall

begin by examining the aqueous or sedimentary rocks, which are for
the most part distinctly stratified, and contain fossils. We may first

study them with reference to their mineral composition, external appear
ance, position, mode of origin, organic contents, and other characters
which belong to them as aqueous formations, independently of their age,
and we may afterwards consider them chronologically or with reference
to the successive geological periods when they originated.

I have already given an outline of the data which led to the belie.!
that the stratified and fossiliferous rocks were originally deposited under
water; but, before entering into a more detailed investigation, it will be
desirable to say something of the ordinary materials of which such
strata are composed. These may be said to belong principally to three
divisions, the arenaceous, the argillaceous, and the calcareous, which are
formed respectively of sand, clay, and carbonate of lime. Of these, the
arenaceous, or sandy masses, are chiefly made up of siliceous or flinty
grains; the argillaceous, or clayey, of a mixture of siliceous matter,
with a certain proportion, about a fourth in weight, of ahiminous earth;
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and, lastly, the calcareous rocks or limestones consist of carbonic acid

and lime.
.Arenciceous or siliceous rocks.-To speak first of the sandy division:

beds of loose sand are frequently met with, of which the grains consist

entirely of silex, which term comprehends all purely siliceous minerals,

as quartz and common flint. Quartz is silex in its purest form; flint

usually contains some admixture of alunime and oxide of iron. The

siliceous grains in sand are usually rounded, as if by the action of running

water. Sandstone is an aggregate of such grains, which often cohere to

gether without any visible cement, but more commonly are bound together

by a slight quantity of siliceous or calcareous matter, or by iron or clay.
Pure siliceous rocks may be known by not effervescing when a drop

of nitric, sulphuric, or other acid is applied to them, or by the grains
not being readily scratched or broken by ordinary pressure. In nature

there is every intermediate gradation, from perfectly loose sand, to the

hardest sandstone. In micaceous sandstones mica is very abundant;

and the thin silvery plates into which that mineral divides, are often ar

ranged in layers parallel to the planes of stratification, giving a slaty or

laminated texture to the rock.
When sandstone is coarse-grained, it is usually called grit. If the

grains are rounded, and large enough to be called pebbles, it becomes a

conglomerate, or pudding-stone, which may consist of pieces of one or of

many different kinds of rock. A conglomerate, therefore, is simply

gravel bonnd together by a cement.

Argillaceous rocks.-Clay, strictly speaking, is a mixture of silex or

flint with a. large proportion, usually about one-fourth, of alumine1 or

argil; but, in common language, any earth which possesses sufficient

ductility, when kneaded up with water, to be fashioned like paste by
the hand, or by the potter's lathe, is called a clay; and such clays vary
greatly in their composition, and are, in general, nothing more than mud

derived from the decomposition or wearing down of rocks. The purest
clay found in nature is porcelain clay, or kaolin, which results from the

decomposition of a rock composed of feispar and quartz, and it. is almost

always mixed with quartz. Shale has also the property, like clay, of

becoming plastic in water: it is a more solid form of clay, or argillaceous
matter, condensed by pressure. It usually divides into lamina, more or

less regular.
One general character of all argillaceous rocks is to give out a pe

culiar, earthy odor when breathed upon, which is a test of the presence
of alumine, although it does not belong to pure alumine, but, apparently,
to the combination of that substance with oxide of iron.f

* Tli kaolin of China consists of '7115 parts of silex, 15S6 of alumino, 1,02) of
lime, and 613 of water (VT. Phillips, Mineralogy, p. 3); but. other porcelain clays
differ materially, that. of Cornwall being composed, according to Boaso, of nearly
equal parts of silica and alumine, with 1 per cent. of magnesia. (Phil. Mag. vol.
L 1837.)

t See \V Phillips's Mineralogy,
11 .Alurnine."
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Calcareous roclcs.-This division comprehends those rooks which, like

chalk, are composed chiefly of lime and carbonic acid. Shells and corals

are also formed of the same elements with the addition of animal matter.

To obtain pure lime it is necessary to calcino these calcareous substances,

that is to say, to expose them to heat of sufficient intensity to drive off

the carbonic acid, and other volatile matter. White chalk is sometimes

pure carbonate of limo; and this rock, although usually in a soft and

earthy state, is occasionally sufficiently solid to be used for building,

and even passes into a compact stone, or a stone of which the separate

parts are so minute as not to be distinguishable from each other by the

naked eye.
Many ]imestones are made up entirely of minute fragments of shells

and coral, or of calcareous sand cemented together. These last might
be called 11 calcareous sandstones ;" but that term is more properly ap

plied to a. rock in which the grains are partly calcareous and partly sili

ceous, or to quartzose sandstones, having a cement of carbonate of lime.

The variety of limestone called "oolito" is composed of numerous

small egg-like grains, resembling the roe of a fish, each of which has

usually a small fragment of sand as a nucleus, around which concentric

layers of calcareous matter have accumulated.

Any limestone which is sufficiently hard to take a fine polish is called
marble. Many of these are fossiliferous; but statuary marble, which is
also called saccharine limestone, as having a texture resembling that of

loaf-sugar, is devoid of fossils, and is in many cases a member of the

metamorphic series.
Siliceous limestone is an intimate mixture of carbonate of limo and

flint, and is harder in proportion as the flinty matter Fredominates.
The presence of carbonate of lime in a rock may be ascertained by

applying to the surface a small drop of diluted sulphuric, nitric., or mu
riatic acids, or strong vinegar; for the lime, having a greater chemical
affinity for any one of these acids than for the carbonic, unites imme
diately with them to form new compounds, thereby becoming a sulphate,
nitrate, or muriate of lime. The carbonic acid, when thus liberated
from its union with the lime, escapes in a gaseous form, and froths up
or effervesces as it makes its way in small bubbles through the drop 01
liquid. This effervescence is brisk or feeble in proportion as the lime
stone is pure or hupure, or, in other words, according to the quantity of
foreign matter mixed with the carbonate of lime. Without the aid 01
this test, the most experienced eye cannot always detect time presence of
carbonate of lime in rocks.
The above-mentioned three classes of rocks, the siliceous, argillaceous,

and calcareous, pass continually into each other, and rarely occur in a
perfectly separate and pure form. Thus it is an exception to the generalrule to meet with a limestone as intro as ordinary white chalk, or with
clay as aluminous as that used. in Cornwall for porcelain, or with
sand so entirely composed of siliceous grains as the white sand of Alum
Bay in the Isle of Wight, or sandstone so pure as the grit of Fontaine-
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blcau, used for pavement in France. More commonly we find sand and

clay, or clay and marl, intermixed in tue same mass. When the sand

and clay are each in considerable quantity, the mixture is called loam.

If there is much calcareous matter in clay it is called marl; but this

term has unfortunately been used so vaguely, as often to be very ambig

uous. It has been applied to substances in which there is no lime; as,

to that red loam usually called red marl in certain parts of England.

Agriculturists were in the habit of calling any soil a marl, which, like

true marl, fell to pieces readily on exposure to the air. Hence arose the

confusion of using this name for soils which, consisting of loam, were

easily worked with the plough, though devoid of lime.

Marl slate bears the same relation to marl which shale bears to clays

being a calcareous shale. It is very abundant in some countries, as in

the Swiss Alps. Argillaceous or many limestone is also of common oo

currence.
There are few other kinds of rock which enter so largely into the

composition of sedimentary strata as to make it necessary to dwell here

on their characters. I may, however, mention two others,-magnesian
limestone or dolomite, and gypsum. Afagnesian limestone is composed
of carbonate of limo and carbonate of magnesia; the proportion of the

latter amounting in some cases to nearly one-half. It effervesces much

more slowly and feebly with acids than common limestone. In England
this rock is generally of a yellowish color; but it varies greatly in min

eralogical character, passing from an earthy state to a white compact
stone of great hardness. Dolomite, so common in many parts of Ger

many and France, is also a variety of magnesian limestone, usually of a

granular texture.

Gypsum.-Gypsum. is a rock composed of sulphuric acid, lime, and

water. It is usually a soft whitish-yellow rock, with a texture resembling
that of loaf-sugar, but sometimes it is entirely composed of lenticular

crystals. It is insoluble in acids, and does not effervesce like chalk and

dolomite, because it does not contain carbonic acid gas, or fixed air, the

lime being already combined with sulphuric acid, for which it has a

stronger affinity than for any other. Anhydrous gypsum is a rare van

ety, into which water does not enter as a component part. Gypscous
marl is a mixture of gypsum and marl. Alabaster is a granular and

compact variety of gypsum found in masses large enough to be used in

sculpture and architecture. It is sometimes a pure snow-white substance,
as that of Volterra in Tuscany, well known as being carved for works of
art in Florence and Leghorn. It is a softer stone than marble, and more

easily wrought.
Forms of stratification.-A series of strata sometimes consists of one

of the above rocks, sometimes of two or more in alternating beds.
Thus, in the coal districts of England, for example, we often pass through
several beds of sandstone, some of finer, otlitrs of coarser grain, some
white, others of a dark color, and below these, layers of shale and sand
stone or beds of shale, divisible into leaf-like laniine, and containing
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beautiful impressions of 1)1Q Then again we meet with beds of pure

and impure coal, alternating with shales and sandstones, and underneath

the whole, perhaps, are calcareous strata, or beds of limestone, filled with

corals and marine shells, each bed distinguishable from another by cer

tain fossils, or by the abundance of particular species of shells or

zoophytes.
This alternation of different kinds of rock produces the most distinct

stratification; and we often find beds of limestone and marl, conglom

erate and sandstone, sand and clay, recurring again and again, in nearly

regular order, throughout a series of many hundred strata. The causes

which may produce these phenomena are various, and have been fully
discussed in my treatise on the modern changes of the earth's surface.*

It is there seen that rivers flowing into lakes and seas are charged with

sediment, varying in quantity, composition, color, and grain, according to

the seasons; the waters are sometimes flooded and rapid, at other periods
low and feeble; different tributaries, also, draining peculiar countries and

soils, and therefore charged with peculiar sediment, are swollen at distinct
neriods. It was also shown that the waves of the sea and currents un
dermine the cliffs during wintry storms, and sweep away the materials
into the deep, after which a, season of tranquillity succeeds, when nothing
but the finest mud is spread by the movements of the ocean over the
same submarine area.

It is not the object of the present work to give a description of these

operations, repeated as they are, year after year, and century after century;
but I may suggest an explanation of the manner in which some micaceous
sandstones have originated, namely, those in which we see innumerable
thin layers of mica dividing layers of fine quartzose sand. I observed the
same arrangement of materials in recent mud deposited in the estuary of
La Roche St. Bernard in Brittany, at the mouth of the Loire. The sur

rounding rocks are of gneiss, which, by its waste, supplies the mud: when
this dries at low water, it is found to consist of brown laminated clay,
divided by thin seams of mica. The separation of the mica in this case, or
in that of micaceous sandstones, may be thus understood. If we take a
handful of quartzose sand, mixed with mica, and throw it into a clear
running stream, we see the materials immediately sorted by the water,
the grains of quartz falling almost directly to the bottom, while the plates
Of mica take a much longer time to reach the bottom, and are carried
farther down the stream. At the first instant the water is turbid, but
immediately after the flat surfaces of the plates of mica are seen all alone
reflecting a silvery light, as they descend slowly, to form a distinct mica
ceous lamina. The mica is the heavier mineral of the two; but it re-

Owinga longer time suspended in the fluid, owing to its greater extent of
surfhce. It is easy, therefore, to perceive that where such mud is acted
upon by a river or tidal current, the thin plates of mica will be carried

Consult Index to Principles of Geology, "Stratification," "Currents,"
Delta." 1, Water." &c.
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farther, and not deposited in the same places as the grains of quartz; and

since the force and velocity of the stream varies from time to time, layers
of mica or of sand will be thrown down successively on the same area.

Ori9inal lLorzzcPntah¬y.-It is said generally that the upper and

under surfaces of strata, or the planes of stratification, are parallel.

Although this is not strictly true, they make an approach to paral
lelism, for the same reason that sediment is usually deposited at first

in nearly horizontal layers. The reason of this arrangement can by
no means be attributed to an original evenness or liorizontality in the

bed of the sea; for it is ascertained that in those places where no

matter has been recently deposited, the bottom of the ocean is often as

uneven as that of the dry laud, having, in like manner its hills, valleys,
and ravines. Yet if the sea should sink, or the water be removed near
the mouth of a large river where a delta has been forming, we should
see extensive plains of mud and sand laid dry, which, to the eye, would

appear perfectly level, although, in reality, they would slope gently from
the land towards the sea.

This tendency in newly-formed strata to assume a horizontal position
arises principally from the motion of the water, which forces along par
ticles of sand or mud at the bottom, and causes them to settle in hollows
or depressions, where they are less exposed to the force of a current than
when they are resting on elevated points. The velocity of the current
and the motion of the superficial waves diminish from the surface
downwards, and are least in those depressions where the water is

deepest.
A good illustration of the principle here alluded to may be sometimes

seen in the neighborhood of a volcano, when a section, whether natural
or artificial, has laid open to view a succession of various-colored layers
of sand and ashes, which have fallen in showers upon uneven ground.
Thus let A B (fig. 1) be two ridges with an intervening valley. These
original inequalities of the surface have been gradually effuiced by beds
of sand and ashes c, d, e, the surface at c being quite level. It will be
seen that although the materials of the first layers have accommodated

Fig. 1. themselves in a great degree to the shape
of the ground A B, yet each bed is thick
est at the bottom. At first a great many
particles would be carried by their own

gravity (]own the steel) sides of A and B,
and others would afterwards be blown by the wind as they fell off the
ridges, and would settle in the hollow, which would thus become more
and more efiluced as the strata accumulated from c to c. This levelling
operation may perhaps be rendered more clear to the student by sup
posing a number of parallel trenches to be (lug in a plain of moving
sand, like the-African desert., in which case the wind would soon cause
all signs of these trenches to disappear, and the surface would be as
uniform as before. Now, water in motion can exert this levelling power
on similar materials more easily than air, for almost all stones lose in
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water more than a third of the weight which they have in air, the spe

cific gravity of rocks being in general as 21 when compared to that of

water, which is estimated at 1. But the buoyancy of sand or mud

would be still greater in the sea, as the density of salt water exceeds

that of fresh.
Yet, however uniform and horizontal may be the surface of new de

posits in general, there are still many disturbing causes, such as eddies

in the water, and currents moving first in one and then in another

direction, which frequently cause irregularities. We may sometimes

follow a bed of limestone, shale, or sandstone, for a distance of many
hundred yards continuously; but we generally find at length that each

individual stratum thins out, and allows the beds which were previously
above and below it to meet. If the materials are coarse, as n grits and

conglomerates, the same beds can rarely be traced many yards without

varying in size, and often coming to an end abruptly. (See fig. 2.)

Fig. 2.

Diagonal or Gross Stratification.-There is also another phenomenon
of frequent occurrence. We find a series of larger strata, each of which
is composed of a number of minor layers placed obliquely to the general

Fig. 8.

planes of stratification. To this diagonal arrangement the name of
"fhlse or cross stratification" has been given. Thus in the annexed sec
tion (fig. 3) we see CVCfl (IF eight large beds of loose sand, yellow and

Section of strata of sandstone, grit, and congtomcrate.

Section of sand at Sandy 111)1, near 13igIeswado, Bcafordsliiro.
llclgtit 20 feet. (Orcvn-s:nd formation.)
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brown, and the lines a, b, c, mark some of the principal planes of

strati-fication,which are nearly horizontal. But the greater part of the sub-

ordinate lamin do not conform to these planes, but have often a steep

slope, the inclination being sometimes towards opposite points of the

compass. When the sand is loose and incoherent, as in the case here

represented, the deviation from parallelism of the slanting laminc can

not possibly be accounted for by any rearrangement of the particles ac

quired during the consolidation of the rock. In what manner then can

such irregularities be due to original deposition We must suppose

that at the bottom of the sea, as well as in the beds of rivers, the mo

tions of waves, currents, and eddies often cause mud, sand, and gravel
to be thrown down in heaps on particular spots, instead of being spread
out uniformly over a wide area. Sometimes, when banks are thus

formed, currents may cut passages through them, just as a river forms

its bed. Suppose the bank A (fig. 4) to be thus formed with a steep

Fir. 4L B

a D

sloping side, and the water being in a tranquil state, the layer of sedi

ment No. 1 is thrown down upon it, conforming nearly to its surface.

Afterwards the other layers, 2, 3, 4, may be deposited.in sitceessioI so

that the bank B C D is formed. If the current then increases in ve

locity, it may cut away the upper portion of this mass down to the

dotted line e (fig. 4), and deposit the materials thus removed farther on,

so as to form the layers 5,O,'7,8. Wehave nowthebank BCDE

(fig. 5), of which the surface is almost level, and on which the nearly

Fig. 5.
-
-i)

.01

horizontal layers, 9, 10, 11, may then accumulate. It was shown in fig.
3 that the diagonal layers of successive strata may sometimes have an

opposite slope. This is well seen in some cliffs of loose sand on the
Suffolk coast. A portion of one of

Fig. 6.
these is represented in fig. 0, where
the layers, of which there are about
six in the thickness of an inch, are

composed of quartzose grains. This

arrangement may have been due to
the altered direction of the tides and

Cliff betwecu Mkiner and Dunwkii. currents in the same place.
2
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The description above given of the slanting position of the minoi

layers constituting a single stratum is in certain ewes applicable on a

much grander scale to masses several hundred feet thick, and many miles

in extent. A fine example may be seen at the base of the Maritime

Alps near Nice. The mountains here terminate abruptly in the sea, so

that a depth of many hundred fathoms is often found within a stone's

throw of the beach, and sometimes a depth of 3000 feet within half. a

mile. But at certain points, strata of sand, marl, or conglomerate, in

tervene between the shore and the mountains, as in the annexed fig. (7),

where a vast succession of slanting beds of gravel and sand. may be

Monte Calve. Fig. 7.

Section from Monte Calvo to the sea by the valley of Magnan, near Nice.
A. Dolomite and sandstone. (Green-sand formation?)
a, b. d Beds of gravel and snntL
c. Pine marl and sand of St. Madeleine, with marine shells.

traced from the sea to Monte Calvo, a distance of no less than 9 miles
in a straight line. The dip of these beds is remarkably uniform, being
always southward or towards the Mediterranean, at an angle of about
250. They are exposed to view in nearly vertical precipices, varying
from 200 to 600 feet in height, which bound the valley through which
the river Maguan flows. Although in a general view, the strata appear
to be parallel and uniform, they are nevertheless found, when examined
closely, to be wedge-shaped, and to thin out when followed for a few
hundred feet or yards, so that we may suppose them to have been
thrown down originally upon the side of a steep bank, where a river or
alpine torrent discharged itself into a deep and tranquil sea, and formed
a delta, which advanced gradually from the base of Monte Calvo to a
distance of 9 mites from the original shore. If subsequently this part of
the Alps and bed of the sea were raised 700 feet; the coast would acquire
its present configuration, the delta would emerge, and a deep channel
might then be cut through it by a river.

It is well own that the torrents and streams, which now descend
from the alpine declivities to the shore, bring down annually, when the
snow melts, vast quantities of shingle and sand, and then, as they sub-
side, fine mud, while in sumijier they are nearly or entirely dry; so that
it may be safely assumed, that deposits like those of the valley of the
Magnan, consisting of coarse gravel alternating with fine sediment, are
still in progress at many points, as, for instance, at the mouth of the

They must advance upon the Mediterranean in the form of greatshoals terminating in a steep talus; such being the original mode of ac-
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cumulation of all coarse materials conveyed into deep water, especially
where they are composed in great part of pebbles, which cannot be

transported to indefinite distances by currents of moderate velocity. By
inattention to facts and inferences of this kind, a very exaggerated esti

mate has sometimes been made of the supposed depth of the ancient

ocean. There can be no doubt., for example, that the strata a, fig. 1,

or those nearest to Monte Calvo, are older than those indicated by b, and

these again were formed before C; but the vertical depth of gravel and

sand in any one place cannot be proved to amount even to 1000 feet,

although it may perhaps be much greater, yet probably never exceeding
at any point 3000 or 4000 feet. But were we to assume that all the

strata were once horizontal, and that their present dip or inclination was

due to subsequent movements, we should then be forced to conclude,

that a sea 9 miles deep had been filled up with alternate layers of mud
and pebbles thrown down one upon another.

In the locality now under consideration, situated a few miles to the
west of Nice, there are many geological data, the details of which can
not be given in this place, all leading to the opinion, that when the

deposit of the Magnan was formed, the shape and outline of the alpine
declivities and the shore greatly resembled 'what we now behold at many
points in the neighborhood. That the beds, a, b, c, d, are of compara
tively modern date is proved by this fact, that in seams of loamy marl

intervening between the pebbly beds are fossil shells, half of which be

long to species now living in the Mediterranean.

Ripple mark.-The ripple mark, so common on the surface of sand.
stones of all ages (see fig. 8), and which i so often seen on the sea-shore

FIg. 8.

ShiI ief ril*14t,,1:irkit new red ) fri.in ( 1R"-)IIrs
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at low tide, seems to originate in the drifting of materials along the

bottom of the water, in a manner very similar to that which iriay explain

the inclined layers above described. This ripple is not entirely confined

to the beach between high and low water mark, but is also produced on

sands which are constantly covered by water. Similar undulating ridges

and furrows may also be sometimes seen on the surface of drift snow and

blown sand. The following is the manner in which I once observed the

motion of the air 1to produce this effect on a large extent of level beach,

exposed at low tide near Calais. Clouds of fine white sand were blown

from the neighboring dunes, so as to cover the shore, and whiten a dark

level surface of sandy mud, and this fresh covering of sand was beauti

fully rippled. On levelling all the small ridges and furrows of this ripple

over an area of several yards square, I saw them perfectly restored in

about ten minutes, the general direction of the ridges being always at

right angles to that of the wind. The restoration began by the appear
ance hero and there of small detached heaps of sand, which soon

lengthened and joined together, so as to form long sinuous ridges with

intervening furrows. Each ridge had one side slightly inclined, and the

other steep; the lee-side being always steep, as b, c,-d, e; the windward

side a gentle slope, as a, b,--c, ci, fig. 9. When a gust of wind blew

Fig. 9.




(1b

a

with sufficient force to drive along a cloud of sand, all the ridges were
seen to be in motion at once, each encroaching on the furrow before it,
and, in the course of a few minutes, filling the place which the furrows
had occupied. The mode of advance was by the continual drifting of

grains of sand up the slopes a b and c ci, many of which grains, when

they arrived at b and ci, fell over the scarps b c and ci e, and were under
shelter from the wind; so that they remained stationary, resting, ac

cording to their sliane and momentum, on different parts of the descent,
and a few only rolling to the bottom. In this manner each ridge was

distinctly seen to move slowly on as often as the force of the wind aug
mented. Occasionally part of a ridge, advancing more rapidly than the
rest, overtook the ridge immediately before it, and became confounded
with it, thus causing those bifurcations and branches which are so corn
MOD) and two of which are seen in the slab, fig. 8. "Wo may observe
this configuration in sandstones of all ages, and in them also, as now on
the sea-coast, we may often detect two systems of ripples interfering with
each other; one more ancient and half-effaced, and a newer one, in which
the grooves and ridges are more distinct, and in a different direction.
This crossing of two sets of ripples arises from a change of wind, and the
new direction in which the waves are thrown on the shore.

The ripple mark is usually an indication of a sea-beach, or of water
from 6 to 10 feet deep, for the agitation caused by waves even during
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storms extends to a very slight depth. To this rule, however, there are

some exceptions, and recent ripple-marks have been observed at the depth
of 60 or 70 feet. It has also been ascertained that currents or large

bodies of water in motion may disturb mud and sand at the depth of 300

or even 450 feet.* Beach ripple, however, may usually be distinguished
from current ripple by frequent changes in its direction. In a slab of

sandstone, not more than an inch thick, the furrows or ridges of an an

cient ripple may often be seen in several successive lamine to run to

wards different points of the compass.

CHAPTER III.

ARRANGEMENT OF P08811.-S IN STRATA-FRESHWATER AND MARINE.

Successive deposition indicated by fossils-Limc8tones formed of corals and shells
-Proofs of gradual increase of strata derived from fossila-Scrpuln, attached
to spatangus-Wood bored by teredina-Tripoli and semi-opal formed of in
fusoria-Chalk derived principally from organic bodies-Distinction of fresh
water from marine formations-Genera of fresh*ater and land shells-Rules
for recognizing marine testocea-Gyrogonite and cbara-Freshwatcr fishes
Alternation of marine and freshwater deposits-Lym-Fiord.

HAVING in the last chapter considered the forms of stratification so
far as they are determined by the arrangement of inorganic matter, we

may now turn our attention to the manner in which organic remains are
distributed through stratified deposits. We should often be unable to
detect any signs of stratification or of successive deposition, if particular
kinds of fossils did not occur here and there at certain depths in the
mass. At one level, for example, univalve shells of some one or more

species predominate; at another, bivalve shells; and at a third, corals;
while in some formations we find layers of vegetable matter, commonly
derivu from land plants, separating strata.

It may appear inconceivable to a beginner how mountains, several
thousand feet thick, can have become filled with fossils from top to bot
tom; but the difficulty is removed, when he reflects on the origin of
stratification, as explained in the last chapter, and allows sufficient time
for the accurnulationof sediment. He must never lose sight of the fact
that, during the process of deposition, each separate layer was once the

uppermost, and covered immediately by the water in which aquatic ani
mals lived. Each stratum in fact, however far it may now lie beneath the
surface, was once in the state of shingle, or loose sand or soft mud at the
bottom of the sea, in which shells and other bodies easily became enveloped.
By attending to the nature of these remains, we are often enabled to

determine whether the deposition was slow or rapid, whether it took
place in a deep or shallow sea, near the shore or far from land, and
whether the water was salt, brackish, or fresh. Some lirnestones consist

* Edin. New Phil. Journ. vol. xxxi; and Darwin, VoIc. Islands, p. 134.
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almost exclusively of corals, and in thauy cases iLis evident that the present

position of each fossil zoophyte has been determined by the manner in

which it grew originally. The axis of the coral, for example, if its nat.

uial growth is erect, still remains at right angles to the piano of stratifi

cation. If the stratum be now horizontal, the round spherical heads of

certain species continue uppermost, and their points of attachment are

directed downwards. This arrangement is sometimes repeated through

out a great succession of strata. From what we know of the growth of

similar zoophytes in modern reefs, we infer that the rate of increase was

extremely slow, and some of the fossils must have flourished for ages like

forest trees before they attained so large a size. During these ages, the

water remained clear and transparent, for such corals cannot live in tur

bid water.
In like manner, when we see thousands of full-grown shells dispersed

everywhere throughout a long series of strata, we cannot doubt that

time was required for the multiplication of successive generations; and

the evidence of slow accumulation is rendered more striking from the

proofs, so often discovered, of fossil bodies having lain for a time on the

floor of the ocean after death before they were imbedded in sediment.

Nothing, for example, is more common than to see fossil oysters in clay,
with serpuke, or barnacles (acorn-shells), or corals, and other creatures,
attached to the inside of the valves, so that the mollusk was certainly not
buried in argillaceous mud the moment it died. There must have been
an interval during which it was still surrounded with clear water, when
the creatures whose remains now adhere to it, grew from an embryo to a
mature state. Attached shells which are merely external, like some of the

serpulze (a) in the annexed figure (fig. 10), may often have grown upon
an-

imal within was still living; but if

Fig. 10. an oyster or other shell while the a

they are found on the inside, it could

only happen after the death of the
inhabitant of the shell which afford.,;
the support. Thus, in fig. 10, it will
be seen that two serpulic have grown
on the interior, one of them exactly
on the place where the adductor inns
do of the Gryp1ta (a kind of oys-

.. ;:
ter) was fixed.
Some fossil shells, even if simply

attached to the outside of others, bear
full testimony to the conclusion above
alluded to, namely, that an interval

elapsed between the death of the
creature to whose shell they adhere,
and the burial of the same in mud or
sand. The sea-urchins or Eelzini, sorossli G?/p1ra. cwret1 141111 08 the outsitloand Inthh wltb fiI erpuln al,und:int in white chalk, afibrd a good
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illustration. It is well known that these animals, when living, are inva

riably covered with numerous suckers, or gelatinous tubes, called "ambu

lacral," because they serve as organs of motion. They are also armed with

spines supported by rows of tubercles. These last are only seen after the

death of the sea-urchin, when the spines have dropped off. In fig. 12 a

living species of Spatangus, common on our coast, is represented with

'ig. 11.

Serpula attached to
a fbssii Spa(an7u8
from to chalk.




Fl' I'

recent Spa(angus with the spines
removed from one side.

1'. Spine and tubercles. nat. sizo.
(i. The siuno inaguitled.

one-half of its shell stripped of the spines. In fig. 11 a fossil of the

same genus from the white chalk of England shows the naked surface

which the individuals of this family exhibit when denuded of their bris

tles. The full-grown Serpula, therefore, which now adheres externally,
could not have begun to grow till the Spalangus had died, and the

spines were detached.
Now the series of events here attested by a single fossil may be carried

a step farther. Thus, for example, we often meet with a sea-urchin in

the chalk (see fig. 13), which has fixed to it the lower valve of a Crania,
Fig. 18. a genus of bivalve mollusca. The upper valve (B, fig.

6 a
13) is almost invariably wanting though occasionally

./ found in a perfect state of preservation in white chalk
at some distance. In this case, we see clearly that the
e-urebin first lived from youth to acr then died anda

J: lost its spines, which were carried away. Then the

G. Ecilinus from the young Crania adhered to the bared shell, grew and
chalk, 'thw
valve of the Crania perished in its turn; after which the upper valve was
attached.

separated from the lower before the Echinus became6. Upper valve of tha
Crania detached, enveloped in chalky mud.
It may be well to mention one more illustration of the manner in

which single fossils may sometimes throw light on a former state of

things, both in the bed of the ocean and on some adjoining land. We
meet with many fragments of wood bored by ship-worms, at various

depths in the clay on which London is built. Entire branches and stems
of trees, several feet in length, are sometimes dug out, drilled all over by
the holes of these borers, the tubes and shells of the mollusk still re

maining in the cylindrical hollows. In fig. I e, a representation is

given of a piece of recent wood pierced by the Teredo izavaiis, or coin
mon ship-worm, which destroys wooden piles and ships. When the

cylindrical tube il has been extracted from the wood, a shell is seen at
the larger extremity, composcil of two pieces, as shown at c. In like
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manner, a piece of fossil wood (a, fig. 14) has been perforated by an

animal of a kindred but extinct genus, called Tcrcciina by Lamarck.

The calcareous tube of this mollusk was united and as it were soldered

Pig. 1&

Fossil and recent wood drilled by perforating Mollusen.
Fig. 14. a. Fossil wood from London clay, bored by Teri'di'ia.

1'. Shell and tube of Terediucz jersona(cz the right-hand figure (ito ventral, the left the
dorsal view.

Fig. 15. e. Recent wood bored by Tredo.
d. Shell and tube of 7?redo n,rulia, from the same.
c. Anterior and posterior view of tho valves of samo detached from the tube.

on to the valves of the shell (b), which therefore cannot be detached
from the tube, like the valves of the recent Teredo. The wood in this

fossil specimen is now converted into a stony mass, a mixture of clay
and lime; but it must once have been buoyant and floating in the sea,
when the Teredinw lived upon it, perforating it in all directions. Again,
before the infant colony settled upon the drift-wood, the branch of a tree
must have been floated down to the sea by R river, uprooted, perhaps, by
a flood, or torn off and cast into the waves by the wind: and thus our

thoughts are carried back to a prior period, when the tree grew for years
on dry hnd, enjoying a fit soil and climate.

It has been already remarked that there are rocks in the interior of
continents, at various depths in the earth, and at great heights above the
sea, almost entirely made up of the remains of zoophytes and testacea.
Such masses may be compared to modern oyster-beds and coral reefs;
and, like them, the rate of increase must have been extremely gradual.
But there are a variety of stony deposits in the earth's crust, now proved
to have been derived from plants and animals, of which the organic ori
gin was not suspected until of late years, even by naturalists. Great
surprise was therefore created by the recent discovery of Professor Ehren
berg of Berlin, that a certain kind of siliceous stone, called tripoli, was
entirely composed of millions of the remains of organic beings, which
the Prussian naturalist refer. to microscopic litfusoria, but which most
others now believe to be plants. They abound in freshwater lakes and
ponds in England and other countries, and are




termed Diatomace by
those naturalists who believe in their vegetable origin. The substance
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alluded to has long been well known in the arts, being used in the form
of powder for polishing stones and metals. It has been procured, among
other places, from Bilin, in Bohemia, where a single stratum, extending
over a wide area, is no less than 14 feet thick. This stone, when exam

ined with a powerful microscope, is found to consist of the siliceous

plates or frustules of the above-mentioned DiatomaceLc, united together

Pig. 10. Fig. IT. Pig. 18.

(1.
.Bacillari Gallonella Gallonella
vulgarI8? dl8(ana. ftrruqi,tea.

Theso figures are magnified nearly 300 times, except tho lower figure of Q./erruginca (fig. 18 a),
which Is magnified 2000 times.

without any visible cement. It is difficult to convey n idea of their
extreme minuteness; but Ehrenbcrg estimates that in the Bili tripoli
there are 41,000 millions of individuals of the Gaillondlla distans (see
fig. 17) in every cubic inch, which weighs about 220 grains, or about
187 millions in a single grain. At every stroke, therefore, that we make
with this polishing powder, several millions, perhaps tens of millions, of

perfect fossils are crushed to atoms.
The remains of these Diatomacca are of pure siex, and their forms

are various, but very marked and constant in particular genera and spe-

Fig. 20. Fig. 19. cies. Thus, in the family Ba-
cillaria (see fig. 16), the fos
sils preserved in tilpoli are

;.




-bibit the same di-seento ex
visions arid, transverse linesX",




which characterize the lin
o\ species of kindred form. With

these, also,

I




IL, or internal supports of the
freshwater sponge, or Spon
gilia of Laniarek, are some
times intermingled (see the

needle-shaped bodies in fig.
120). These flinty eases and

f
spiculze, although hard, are
ygj fragile, brAlntr like-' I'

glass, .indaretliereforcidmi;

,




rably adapted, when rubbed,
1,r wearing down into a fine

\ \Vi powder fit. for l)01Is111I theI,.i t($ I i.t '., - \V. 1 (.J'F




i-ice of inetals.mrf,
Fragment of Sefnl-of)al from the great bed of t ripoli, hum. Besides the tripoli, formedFir. 19. Natural size.
Vig. 20. The atno nnunifleii. showing drular artleula- exdusively of the fossils above

tlt.n, of a 9IeICS of (Jezltondta, awl si,ietIia . I(If tlt'scrilnc], there occurs in the
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upper part of the great stratum at Bilhii another heavier and more compact

stone, a kind of semi-opal, in which innumerable parts of Diatomacee

and spicuhe of the Spongilla are filled with, and cemented together by,

siliceous matter. It is supposed that the siliceous remains of the most

delicate Diatomacea3 have been dissolved by water, and have thus given

rise to this opal in which the more durable fossils are preserved like in

sects in amber. This opinion is confirmed by the fact that the organic

bodies decrease in number and sharpness of outline in proportion as the

opalino cement increases in quantity.
In the Bohemian tripoli above described, as in that of Planitz in Sax.

ony, the species of Diatomacec (or Infusoria, as termed by Elirenberg)
are freshwater; but in other countries, as in the tripoli of the Isle of

France, they are of marine species, and they all belong to formations of

the tertiary period, which will be spoken of hereafter.

A well-known substance, called bog-iron ore, often met with in peat
mosses, has also been shown by Ehrenbcrg to consist of innumerable ar

ticulateci threads, of a yellow ochre color, composed partly of flint and

partly of oxide of iron. These threads are the cases of a minute micro

scopic body, called Uaillonclla ferruginea (fig. 18).
It is clear that much time must have been required for the accumulation

of strata to which countless generations of Diatomacea have contributed

their remains; and these discoveries lead us naturally to suspect that other

deposits, ofwhich the materials have usually been supposed to be inorganic,
may in reality have been derived from microscopicorganic bodies. That
this is the case with the white chalk, has often been imagined, this rook

having been observed to abound in a variety of marine fossils, such as
echini, testacea, bryozoa, corals, sponges, crustacea, and fishes. Mr. Lons
dale, on.examining Oct., 1835, in the museum of the Geological Society
of London, portions of white chalk from different parts of England, found,
on carefully pulverizing them in water, that what appear to the eye simply
as white grains were, in fact, well preserved fossils. He obtained above
a thousand of these from each pound weight of chalk, some being frag
ments of minute bryozoa and corallines, others entire Foraminifera and

Cytherithe. The annexed drawings will giv an idea of the beautiful
forms of many of these bodies. The figures a a represent their natural
4but minute ,is they seem, the smallest of them, such as a, fig. 24,7.e, I




itiger1da, and Jo
Fig. 2L Fig. 22.

(L&

I
CyI1ere, Mull. Portion of
CyfAerIna1 Lain. Xolo8arla.




ra"nilni/era from tho cbak.
Fig. 23. Fig. 24.

(t.

Cr181etiaria Roaallna.
rolulata.

are gigantic in comparison with tile cases of Diatomacee before men-
tioned. It has, moreover, been lately discovered that the chambers into
which these Foramiiijfera are divided are actually often filled with thou
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sands of well-preserved organic bodies, which abound in every minute

grain of chalk, and are especially apparent in the white coating of
flints, often accompanied by innumerable needle-shaped spiculte of

sponges. After reflecting on these discoveries, we are naturally led on

to conjecture that as the formless cement in the semi-opal of Bum

has been derived from the decomposition of animal and vegetable re

mains, so also many chalk flints in which no organic structure can be

recognized may nevertheless have constituted a part of microscopic
animalcules.




"The dust we tread upon was once alive I"-Bvnow.

How faint an idea does this exclamation of the poet convey of the

real wonders of nature! for hero we discover proofs that the calcareous
and siliceous dust of which hills are composed has not only, been once
alive, but almost every particle, albeit invisible to the naked eye, still
retains the organic structure which, at periods of time incalculably re
mote, was impressed upon it by the powers of life.

Freshwater and marine fossils.-Strata, whether deposited in salt
or fresh water, have the same forms; but the imbedded fossils are

very different in the two cases, because the aquatic animals which fre

quent lakes and rivers are distinct from those inhabiting the sea. In
the northern part of the Isle of Wight formations of marl and lime
stone, more than 50 feet thick, occur, in which the shells are prin
cipally, if not all, of extinct species. Yet we recognize their freshwater

origin, because they are of the same genera as those now abounding
in ponds and lakes, either in our own country or in warmer latitudes.

In many parts of France, as in Auvergne, fr example, strata of lime-
stone, marl, and sandstone are found, hundreds of feet thick, which con
tain exclusively freshwater and land shells, together with the 'remains of
terrestrial quadrupeds. The number of land shells scattered through
some of these freshwater deposits is exceedingly great; and there are
districts in Germany where the rocks scarcely contain any other fossils

except snail-shells (helices) ; as, for instance, the limestone on the left
bank of the Rhine, between Mayenee and Worms, at Oppenbeim, Find
heim, Budenheim, and other places. In order to account for this phic
nomenon, the geologist has only to examine the small deltas of torrents
which enter the Swiss lakes when the waters are low, such as the newly
formed plain where the Kander enters the Lake of Thun. He there sees
sand and mud strewed over with innumerable dead land shells, which
have been brought down from valleys in the Alps in the preceding spring,
during the melting of the snows. Again, if we search the sands on the
borders of the Rhine, in the lower part of its course, we find countless
land shells mixed with others of species belonging to lakes, stagnant
pools, and marshes. These individuals have been washed away from
the alluvial plains of the great river and its tributaries, $ome from
mountainous regions, others from the low roliutry.
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Although freshwater formations are often of great thickness, yet they

are usually very limited in area when compared to marine deposits,

just as lakes and estuaries are of small dimensions in comparison with

seas.
We may distinguish a freshwater formation, first, by. the absence of

many fossils almost invariably met with in marine strata. For example,
there are no sea-urchins, no corals, and scarcely any zoophytes, ; no

chambered. shells, such as the nautilus, nor microscopic Foraminifera.

But it is chiefly by attending to the forms of the mollusca that we are

guided in determining the point in question. In a freshwater deposit,
the number of individual shells is often as great, if not greater, than in

a marine stratum; but there is a smaller variety of species and genera.
This might be anticipated from the fact that the genera aud species of

recent freshwater and land shells are few when contrasted with the ma

rine. Thus, the genera of true mollusca according to Blainville's system,
excluding those of extinct species and those without shells, amount to
about 200 in number, of which the terrestrial and freshwater genera
scarcely form more than a sixth.*

Almost all bivalve shells, or those of acephalous mollusca, are marine,

Fig. . Fig. 26

Cyctas o?ova(a; fossil. Hants. Cyrena consobrina; fossil. Grays, Essex.

about ten only out of ninety genera being freshwater. Among these
last, the four most common forms, both recent and fossil, are Cyclas, Cy-

Fig. 2?.

Anodon(a Cordlerli; Anodon(a taUrnariInatus;fo5siL. Paris. recent. Babis.




Fig. 9.

rena, Unlo, and Anodonta (see figures); the two first and two last of
which are so nearly allied as to pass into each other.

* Sec Synoptic Table in BIaiaville'8 Malacologie.

Un(o ZiUoraU8;
recent. Anvergno.

Fig. 23.
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Fig. 80.

ludina. (See figures.)
Fig. 81.




Fig. 82. Fig. 83.

Lymnea Zonaiscata; Paluatna lenta;
fossil. Hants. fossil. ilauts.

cinea, Ancylus, Valvata, Afelanopsis, Afelania, and ITeritina. (See figures.)

Fig. 84. Fig. 85. PIg. 80. Fig. ST.

Succinea ampliibla; Ancylu8 elec,ans; VaZva(z; P14f8a hypnorum;
fossil. Loess, Rhino, fossil. Hants. fossil. recent

Grays, Essex.

In regard to one of these, the .Ancylus (fig. 35), Mr. Gray observes
that it sometimes differs in no respect from the marine Siphonatia, ex-

Fig. 83 Fig. 89. Fig. 40. Fig. 41.

AurkuZa; .M'elanfa .PAj,aa colum- Mthznopth buc-recent Ave. . inquinatci. none. Paris cinoidea; recent.
Paris basin, basin. Asia.

Lamarck divided the bivalve mollusca into the

.Dimyary, or those having two large muscular

impressions in each valve, as a 1' in the Cyclas,

fig. 25, and the MonomyaTif, such as the oyster
and scallop, in which there is only one of these

impressions, as is seen in fig. 30. Now, as none

of these last, or the unimuscular bivalves, are

freshwater, we may at once presume a deposit in

which we find any of them to be marine.
The univalve shells most characteristic of fresh

water deposits are, Planorbis, Lymnea, and Pa.

But to these are occasionally added Pliysa, Suc'

cept in the animal. The shell, however, of the Ancylus is usually
thinner.*




* Gray, Phil. Trans. 1835, p. 302.

(J,jphocz incurva Bow. (G.
aroucta) Lain.) upper

valve. Lies.

Planorbis euomp7aZus;
fossil. Isle ofWight.
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Some naturalists include 1Tcritina (fig. 42) and the marine .Nerita

(fig. 43) in the same genus, it being scarcely possible to distinguish the

FIg.

42.ITeritina glo&ulus. Paris basin.




Fig. 48.

C-

-

-1)~Mfz_

ITeri&t Qranno8a. Paris basin.




Fig. 44.

two by good. generic characters. But, as a general rule, the

fiuviatio species are smaller, smoother, and more globular
than the marine; and they have never, like the .Nerit, the

inner margin of the outer lip toothed or crenulated. (See

fig. 43.)
A few genera, among which (YeriilLiuni(fig. 44) is the most

abundant, are common both to rivers and the sea, having spe- CriIhiu,,&
cies peculiar to each. Other genera, like Auricula (fig. 38), arc

amphibious, frequenting
Paris brwin.

marshes, especially near the sea.
The terrestrial shells are all univalves. The most abundant genera

among these, both in a recent and fossil state, are Helix (fig. 45), Uy-
rlostoma (fig. 46), Pupa (fig. 47), Clausilia (fig. 48), .Bulirnus (fig. 49),

Fig. 45. Fig. 40. Fig. 41. Fig. 49. Fig. 49.

1

)TeZtz Taronen.i CycZosknna Pupa Clanailla .Buhimu8 izibricus.Faluns, Touralne. eieians. tr1de'n. Wens. Lonss, Rhine.
Loess. Loess. Loess.

and Aclzalina; which two last are nearly allied and pass into each other.
The ilmpullaria (fig. 50) is another genus of shells, inhabiting rivers

and ponds in hot countries. Many fossil species haveFIg. 50.
been referred to this genus, but they have been found
chiefly in marine formations, and are suspected by

i7.




some oonchologists to belong to Hatica and other ma
- . rifle genera.

All univalve shells of land and freshwater species,
with the exception of Afelanopsis (fig. 41), and Ac/ta

Ampullaria glauco, (ma, which has a slight indentation, have entirefrom tho Jumna.
mouths; and this circumstance may often servo as

a convenient rule for distinguishing freshwater from marina strata;
since, if any univalves occur of which the mouths are not entire, wo
may presume that the formation is marine. The aperture is said to be
entire -in such shells as the Ampullaria and the land shells (figs. 45
49), when its outline is not interrupted by an iiidenttjon or nothh,
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such as that seen at b in Ancillaria (fig. 52); or is not prolonged into

a canal, as that seen at a in Fleurotoma (fig. ol).

The mouths of a large proportion of the marine univalves have these

notched or canals, and almost all such species are carnivorous; whereas

Fig. 51. Fig. 52.

I
Anclilaria &ubuZala. Barton clay.

nearly all test.acea having entire mouths, are p1aut-caters ; whether the

species be marine, freshwater, or terrestrial.

There is, however, one genus which affords an occasional exception to
one of the above rules. The Jcrithium (fig. 44), although provided with
a short canal, comprises some species which inhabit salt, others brackish,
and others fresh water, and they are said to be all plant-eaters.
Among the fossils very common in freshwater deposits are the shells

of (Jypris, a minute crustaceous animal, having a shell much resembling
that of the bivalve mollusca.* Many minute living species of this genus
swarm -in lakes and stagnant pools in Great Britain; but their shells are
not, if considered separately, conclusive as to the freshwater origin of a

deposit, because the majority of species in another kindred genus of the
same order, the Cytlierina of Lamarck (see above, fig. 21, p. 26), in
habit salt water; and, although the animal differs slightly, the shell is

scarcely disinguishable from that of the (Jypris.
The seed-vessels and stems of U/tara, a genus of aquatic plants, are

very frequent in freshwater strata. These seed-vessels were called, before
their true nature was known, gyrogonites, and were supposed to be
foraminiferous shells. (See fig. 53 a.)
The Char inhabit the bottom of lakes and ponds, and flourish

mostly where the water is charged with carbonate of lime. Their seed
vessels are covered with a very tough integument, capable of resisting
decomposition; to which circumstance we may attribute their abundance
in a fossil state. The annexed figure (fig. 54) represents a branch of
one of many new species found by Professor Amki in the lakes of
northern Italy. The seed-vessel in this plant is more globular than in
the British Ulwrce, and therefore more nearly resembles in form the ex
tinct fossil species found in England,- France, and other countries. The

For figures of fossil species of Purbeck, see below, cli. xx.
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stems, as well as the seed-vessels, of these plants occur both in modern

shell marl and in ancient freshwater formations. They are generally

Fig. 153.




Pig. 54k.

Ohara ,,i,cficag1nuZa; Chara eZa8tca; recent Italy.
foslI. Upper Eocene,
Isle of Wight a. Besslie seed-vessel between the divisions of
a. Seed-vessel. the loaves of the female plant

magnified 20 b. Magnified transverso section of a branch,
diameters. with five seod.vessol, soon from below

b. Stow, magnified. upwards,

composed of a large tube surrounded by smaller tubes; the whole stem

being divided at pertain intervals by transverse partitions or joints.
(See b, fig. 53.)

It is not uncommon to meet with layers of vegetable matter, impres-
sions of leaves, and branches of trees, in strata containing freshwater
shells; and we also find occasionally the teeth and bones of land quad
rupeds, of species now unknown. The manner in which such remains
are occasionally carried by rivers into lakes, especially during floods, has
been fully treated of in the "Principles of Geology.'*
The remains of fish are occasionally useful in determining the fresh

water origin of strata. Certain genera, such as carp, perch, pike, and
loath (Cyprinus, Perca, Esox, and Cobitis), as also Lebias, being pe
culiar to freshwater. Other genera contain some freshwater and some
marine species, as Coitus, .4i7il, and A;iguilla, or eel. The rest are
either common to rivers and the sea, as the salmon; or are exclusively
characteristic of salt water. The above observations respecting fossil
fishes are applicable only to the more modern or tertiary deposits; for
in the more ancient rocks the forms depart so widely from those of ex
isting fishes, that it is very difficult, at least in the present state of sci
ence, to derive any positive information from ictliyolites respecting the
element in which strata were deposited.
The alternation of marine and freshwater formations, both on a small

and large scale, are facts well ascertained in geology. When it occurs
on a small scale, it may have arisen from tho alternate occupation of
certain spaces by river water and the sea; for in the flood season the
river forces back the ocean and freshens it over a large area, depositingat the same time its sediment; after which the salt water again returns,
and, on resuming its former place, brings with it sand, mud, and marine
sli cBs.




* Sec Index of Principles
11 Fossilization."
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There are also lagoons at the mouths of many rivers, as the Nile and

Mississippi, which are divided off by bars of sand from the sea, and

which are filled with salt and fresh water by turns. They often commu

nicate exclusively with the river for months, years, or even centuries;

and. then a breach being made in the bar of sand, they are for long pe

riods filled with salt water.

The Ly-m-Fiord in Jutlaud offers an excellent illustration of analogous

changes; for, in the course f the last thousand years, the western ex

tremity of this long frith, which is 120 miles in length,.incluing its

windings, has been four times fresh and four times salt, a bar of sand

between it and the ocean having been as often formed and removed.

The last irruption of salt water happened in 1824, when the North Sea

entered, killing all the freshwater shells, fish, and plants; and from that

time to the present, the sea-weed Fucus vesiculosus, together with oys
ters and other marine mollusca, have succeeded the Gyclas, Lymnea
Faludina, and Ullarc8.*

But changes like these in the Lym-Fiord, and those before mentioned

as occurring at the mouths of great rivers, will only account for some

cases of marine deposits of partial extent resting on freshwater strata.

When we find, as in the southeast of England, a great series of fresh

water beds, 1000 feet in thickness, resting upon marine formations and

again covered by other rocks, such as the cretaceous, more than 1000

feet thick, and of deep-sea origin, we shall find it necessary to seek for a

different explanation of the phenomena.f

CHAPTER IV.

CONSOLIDATION OF STRATA AND PETRIFACTION Or- FOSSILS.

Chemical and mechanical deposits-Cementing together of particles-Hardening
by exposure to air-Concretionary nodules-Consolidating effects of pressure--4
Mineralization of organic remains-Impressions and casts how formed-Fossil

wood-Göppert's experiments-Precipitation of stony matter most rapid where

putrefaction is going on-Source of lime in solution-Silex derived from do.

conipositin of felspar-Proofs of the lapidification of some fossils soon after
burial, of others when much decayed.

HAVING spoken in the preceding chapters of the characters of sedi

mentary formations, both as dependent on the deposition of inorganic
matter and the distribution of fossils, I may next treat of the consolidation
of stratified rocks, and the petrifaction of imbedded organic remains.

Chemical and mechanical deposits.-A distinction has been made by

* Sec Principles, Index, "
Lymn.Fiord."

See below, Chap. XVIII., on the Weulden.
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geologists between deposits of a chemical, and those of a mechanical,

origin. By the latter name are designated beds of mud, sand, or peb-

bles produced by the action of running water, also accumulations of

stones and scorhc thrown out by a volcano, which have fallen into their

present place by the force of gravitation. But the matter which forms

a chemical deposit has not been mechanically suspended in water, but in

a state of solution until separated by chemical action. In this manner

carbonate of lime is often precipitated upon the bottom of lakes and

seas in a solid form, as may be well seen in many parts of Italy, where

mineral springs abound, and where the calcareous stone, called travertin,

is deposited. In these springs the lime is usually held in solution by an

excess of carbonic acid, or b heat if it be a hot spring, until the water,

on issuing from the earth, cools or loses part of its acid. The calcareous

matter then falls down in a solid state, incrusting shells, fragments of

wood and leaves, and binding them together.*
In coral reefs, large masses of limestone are formed by the stony skel

etons of zoophytes; and these, together with shells, become cemented

together by carbonate of lime, part of which is probably furnished to

the sea-water by the decomposition of dead corals. Even shells of which

the animals are still living, on these reefs, are very commonly found to

be incrusted over with a hard coating of limestone.f
If sand and pebbles are carried by a river into the sea, and these

are bound together immediately by carbonate of lime, the deposit

may be described as of a mixed origin, partly chemical, and partly
mechanical.
Now, the remarks already made in Chapter IL on the original hori

zontality of strata are strictly applicable to mechanical deposits, and

only partially to those of a mixed nature. Such as are purely chemical

may be formed on a very steep slope, or may even incrust the vertical
walls of a fissure, and be of equal thickness throughout; but such de

posits are of small extent, and for the most part confined to vein-stones.

Cementing of particles.-It is chiefly in the ease of calcareous rocks

that solidification takes place at the time of deposition. But there are

many deposits in which a cementing process comes into operation long
afterwards. We may sometimes observe, where the water of ferruginous
or calcareous springs has flowed through a bed of sand or gravel, that
iron or carbonate of lime has been deposited in the interstices between
the grams or pebbles, so that in certain places the whole has been bound

together into a stone, the same set of strata remaining in other parts
loose and incoherent.

Proofs of a similar cementing action are seen in a rock at Kelloway
in Wiltshire. A peculiar band of sandy strata, belonging to the group
called Oolito by geologists, may be traced through several counties, the
sand being for the most part loose and unconsolidated, but becoming

* See Principles, Index, 11 Calcareous Springs," &c.
f Ibid. "Travertin," "Coral Reef," &c.
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stony near Kelloway. In this district there are numerous fossil shells

which have decomposed, having for the most part left only their casts.

The calcareous matter hence derived has evidently served, at some former

period, as a cement to the siliceous grains of sand, and thus a solid sand

stone has been produced. If we take fragments of many other argilla

ceous grits, retaining the casts of shells, and plunge them info dilute

muriatic or other acid, we see them immediately changed into common

sand and mud; the cement of lime derived from the shells, having been

dissolved by the acid.

Traces of impressions and casts are often extremely faint. In some

loose sands of recent date we meet with shells in so advanced a stage of

decomposition as to crumble into powder when touched. It is clear that

water percolating such strata may soon remove the calcareous matter of

the shell; and, unless circumstances cause the carbonate of lime, to be

again deposited, the grains of sand will not be cemented together; in

which case no memorial of the fossil will remain. The absence of or

ganic remains from many aqueous rocks may be thus explained; but

we may presume that in many of them no fossils were ever imbedded,
as there are extensive tracts on the bottoms of existing seas even of

moderate depth on which no fragment of shell, coral, or other living
creature can be detected by dredging. On the other hand, there are

depths where the zero of inimal life has been approached; as, for ex

ample, in the Iediterranean, at the depth of about 230 fathoms, accord

ing to the researches of Prof. E. Forbes. In the gean Sea a deposit
of yellowish mud of a very uniform character, and closely resembling
chalk, is going on in regions below 230 fathoms, and this formation
must be wholly devoid of organic remains.*

In what manner silex and carbonate of lime may become widely dif
fsed in small quantities through the waters which permeate the earth's
rust will be spoken of presently, when the petrifaction of fossil bodies

is considered; but I may remark here that such waters are always
passing in the case of thermal springs from hotter to colder parts of the
interior of the earth ; and as often as time temperature of the solvent is
lowered, mineral matter has a tendency to separate from it and solidify.
Thus a stony cement, is often supplied to sand, pebbles, or any fragment
my mixture. In some conglomerates, like the pudding-stone of Hertford
shire (a Lower Eocene deposit), pebbles of flint and grains of sand are
united by a siliceous cement so firmly, that if a block be fractured the
rent passes as readily through the pebbles as through the cement.

It is probable that many strata became solid at the time when they
emerged from the waters in which they were deposited, and when they
first formed i part of the dry land. A well-known fact seems to con
firm this idea: by far the greater number of the stones used for building
811(1 road-making are much softer when first taken from the quarry
than after they have been long exposed to the air ; anti these, when once

Report BrIL A. 18.1, p. 178.
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dried, may afterwards be immersed for any length of time in water

without becoming soft again. Hence it is found desirable to shape the

stones which are to be used in architecture while they are yet soft and

wet, and while they contain their "quarry-water," as it is called; also to

break up stone intended for roads when soft, and then leave it to dry in

the air for months that it may harden. Such induration may perhaps

be accounted for by supposing the water, which penetrates the minutest

pores of rocks, to deposit, on evaporation, carbonate of lime, iron, silex,

and other minerals previously held in solution, and thereby to fill up the

pores partially. These particles, on crystallizing, would not only be

themselves deprived of freedom of motion, but would also bind together

other portions of the rock which before were loosely aggregated. On

the same principle wet sand and mud become as hard. as stone when

frozen; because one ingredient of the mass, namely, the water, has crys
tallized, so as to hold firmly together all the separate particles of which

the loose mud and sand were composed.
Dr. MacCulloch mentions a sandstone in Skye, which may be moulded.

like dough when first found; and some simple minerals, which are rigid
and as hard as glass in our cabinets, are often flexible and soft in their

native beds; this is the case with asbestos, sablite, tremolite, and

chalcedony, and it is reported also to happen in the case of the

beryl.*
The marl recently deposited at the, bottom of Lake Superior, in North

America, is soft, and often filled with freshwater shells; but if a piece
be taken up and dried, it becomes so hard that it can only be broken by
a smart blow of the hammer. If the lake therefore was drained, such

a deposit would be found to consist of strata of maristone, like that

observed in many ancient European formations, and like them contain

ing freshwater shells.
It is probable that some of the heterogeneous materials which rivers

transport to the sea may at once set under water, like the artificial mix

ture called pozzolana, which consists of fine volcanic sand charged with
about 20 per cent. of oxide of iron, and the addition of a small quantity
of lime. This substance hardens, and becomes a solid stone in water,

and was used by the Romans in constructing the foundations of build

ings in the sea.
Consolidation in these cases is brought about by the action of chemical

affinity on finely comminuted matter previously suspended in water.
After deposition similar particles seem to exert a mutual attraction on
each other, and congregate together in particular spots, forming lumps,
nodules, and concretions. Thus in many argillaceous deposits there are
calcareous balls, or splirical concretions, ranged in layers parallel to the

general stratification; an arrangement which took place after the shale
or marl had been thrown down in successive laininte; for these laniinw

* Dr. MacCulloch, Syst. of Geol. voL i. p. 123.
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are often traced in the concretions, remaining parallel to those of the sur

rounding unconsolidated rock. (See fig. 55.) Such nodules of lime-

Fig ss stone have often a shell or other foreign

body in the centre.

Among the most remarkable exam

res of concretionary structure are those
- described by Professor Sedgwick as

Calcareous nodules In Lies,
abounding in the magnesian limestone

of -the north of England. The spherical balls are of various sizes, from

that of a pea to a diameter of several feet, and they have both a con

centric and radiated structure, while at the same time the lamina of

original deposition pass uninterruptedly through them. In some cliffs

this limestone resembles a great irregular pile of cannon balls. Some

of the globular masses have their centre in one stratum, while a portion
of their exterior passes through to the stratum above or below. Thus

the larger spheroid in the annexed section (fig. 56) passes from the

Fig 56. stratum b upwards into a. In this in
stance we must suppose the deposition of
a series of minor layers, first forming the

'7xLr ,. LI
stratum b, and afterwards the incumbent
stratum a; then a movement of the par-

Spheroidal concretions in magueslan tides took place, and the carbonates of
limestone.




lime and magnesia separated from the
more impure and, mixed matter, forming the still unconsolidated parts of
the stratum. Crystallization, beginning at the centre, must have gone
on forming concentric coats, around the original nucleus without inter

fering with the laminated structure of the rock.
When the particles of rocks have been thus rearranged by chemical

forces, it is sometimes difficult or impossible to ascertain whether certain
lines of division are due to original deposition or to the subsequent ag
gregation of similar particles. Thus suppose three strata of grit, A, B,

Fig. 57. 0, are charged unequally with calcareous
1 matter, and that B is the most calcareous.

A ti.L1J.I.1JJ.L[Ji con-If consolidation takes place in B, the con-
II'i'I B111111111Iii Iy'1II 'i!I'i :I

cretionary action may spread upwardsC into a part of A, where the carbonate of
lime is more abundant than in the rest; so that a mass d, c, j forming
a portion of the superior stratum, becomes united with B into one solid
mass of stone. The original line of division d, e, being thus eflhced, the
line d, f, would generally ho considered as the surface of the bed B,
though not strictly a true plane of stratification.

Pressure and heat.-When sand and mud sink to the bottom of a
deep sea, the particles are not pressed down by the enormous weight of
the incumbent ocean; for the water, which becomes mingled with the
sand and mud, resists pressure with a force equal to that of the column

* Dc Ia Beebe, Geol. Researches, p. 95, and Geol. Observer (1851), p. 686.
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of fluid above. The same happens in regard to organic remains which

are filled with water under great pressure as they sink, otherwise they

would be immediately crushed to pieces and flattened. Nevertheless, if

the materials of a stratum remain in a yielding state, and do not set or

solidify, they will be gradually squeezed down by the weight of other

materials successively heaped upon them, just as soft clay or loose sand

on which a house is built may give way. By such downward pressure

particles of clay, sand, and marl, may become packed into a smaller

space, and be made to cohere together permanently.

Analogous effects of condensation may arise when the solid parts of

the earth's crust are forced in various directions by those mechanical

movements afterwards to be described, by which strata have been bent,

broken, and raised above the level of the sea. Rocks of more yielding
materials must often have been forced against others previously consol

idated, and, thus compressed, may have acquired a new structure. A

recent discovery may help us to comprehend how fine sediment derived

from the detritus of rocks may be solidified by mere pressure. The

graphite or "black lead" of commerce having become very scarce, Mr.

Brockedon contrived a method by which the dust of the purer portions
of the mineral found in Borrowdale might be recomposed into a mass as

dense and compact as native graphite. The powder of graphite is first

carefully prepared and freed from air, and placed under a powerful press
on a strong steel die, with air-tight fittings. It is then struck several
blows, each of a power of 1000 tons; after which operation the powdei
is so perfectly solidified that it can be cut for pencils, and exhibits when
broken the same texture as native graphite.
But the action of heat at various depths in the earth is probably the

most powerful of all causes in hardening sedimentary strata. To this

subject I shall refer again when treating of the metamorphic rocks, and
of the slaty and jointed structure.

Mineralization of organic rcntains.-Tho changes which fossil organic
bodies have undergone since they were first imbedded in rocks, throw
much light on the consolidation of strata. Fossil shells in some modern
deposits have been scarcely altered in the course of centuries, having
simply lost a part of their animal matter. But in other cases the shell
has disappeared, and left an impression only of its exterior, or a cast of
its interior form, or thirdly, a cast of the shell itself, the original matter
of which has been removed. These different forms of fossilization may
easily be understood if we examine the mud recently thrown out from a
pond or canal in which there are shells. If the mud be argillaceous, it
acquires consistency on drying, and on breaking open a portion of it W8
find that each shell has left impressions of its external form. If we then
remove the shell itself, we find within a solid nucleus of clay, having the
form of the interior of the shell. This form is often very different from
that of the outer shell. Thus a cast such as a, fig. 58, commonly called
a fossil screw, would never be suspected by an inexperienced conchologistto be the internal shape of the fossil univalve, b, fig. 58. Nor should
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we have imagined at first sight that the shell a and the cast b, fig. 59,

were different parts of the same fossil. The reader will observe, in. the

Fig. 58. Fig. 69.

P1atianeZZa HeZdlng(onenRiR, J'leuro(omaria Angika and
and cast of the same. Coral flag. cast. Lias.

last-mentioned figure (b, fig. 59), that an empty space shaded dark, which
the shell itself once occupied, now intervenes between the enveloping
stone and the cast of the smooth interior of the whorls. In seli cases
the shell has been dissolved and the component particles removed by
water percolating the rock. If the nucleus were taken out a hollow
mould would remain, on which the external form of the shell with its
tubercles and strke, as seen in a, fig. 59, would be seen embossed. Now
if the space alluded to between the nucleus and the impression, instead
of being left empty, has been filled up with calcareous spar, flint, py
rites, or other mineral, we then obtain from the mould an exact cast both
of the external and internal form of the original shell. In this manner
silicified casts of shells have been formed and if the mud or sand of
the nucleus happen to be incoherent or soluble in acid, we can then pro
cure in flint an empty shell, which in shape is the exact counterpart of
the original. This cast may be compared to a bronze statue, representing
merely the superficial form, and not the internal organization; but there
is another description of petrifaction by no means uncommon, and of a
much more wonderful kind, which may be compared to certain anatom
ical models in wax, where not only the outward forms and features, but
the nerves, blood-vessels, and other internal organs are also shown.
Thus we find corals, originally calcareous, in which not only the general
shape, but also the minute and complicated internal organization are re
tamed in flint.

Such a process of petrifaction is still more remarkably exhibited in
fossil wood, in which we often perceive not only the rings of annual

growth, but. all the minute vessels and meduhlary rays. Many of the
minute cells and fibres of plants, and cen those spiral vessels which in
the living vegetable can only be discovered by the microscope, are pre
served. Among many instances, I may mention a fossil tree, '12 feet in

length, found at Gosfortli near Newcastle, in sandstone strata associated
with coal. By cutting a transverse slice so thin as to transmit light,
and riianifyiiig it alnnit. fifty-five times, the texture seen in fig. 60 is ex-0
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hibited. A texture eqtially, minute and complicated has been observed

in the wood of large trunks of fossil trees found
Fig 60. in the Craigleith quarry near Edinburgh, where

the stone was not in the slightest degree siliceous,

but consisted chiefly of carbonate of lime, with

oxide of iron, alumina, and carbon. The parallel

rows of vessels hero seen are the rings of an

- . nual growth, but in one part they are imperfectly

Texture of a tree from the preserved, the wood having probably decayed
coal strata. magnified. (WI- before the mineralizing matter had penetrated to
ham.) Transverse section.

that portion of the tree.

In attempting to explain the process of petrifaction in such cases, we

may first assume that strata are very generally permeated by water

charged with minute portions of calcareous, siliceous, and other earths

in solution. In what manner they become so impregnated will be after

wards considered. If an organic substance is exposed in the open air

to the action of the sun and rain, it will in time putrefy, or be dissolved

into its component elements, which consist chiefly of oxygen, hydrogen,
and carbon. These will readily be absorbed by the atmosphere or be
washed away by rain, so that all vestiges of the dead animal or plant
disappear. But if the same substances be submerged in water, they de

compose more gradually; and if buried in earth, still more slowly, as in
the familiar example of wooden piles or other buried timber. Now, if
as fast as each particle is set free by putrefaction in a fluid or gaseous
state, a particle equally minute of carbonate of lime, flint, or other min
eral, is at hand and ready to be precipitated, we may imagine this inor

ganic matter to take the place just before left unoccupied by the organic
molecule. In this manner a cast of the interior of certain vessels may
first be taken, and afterwards the more solid walls of the same may
decay and suffer a like transmutation. Yet when the whole is lapidifled,
it may not form one homogeneous mass of stone or metal. Some of the

original ligneous, osseous, or other organic elements may remain mingled
in certain parts, or the lapidifying substance itself may be differently
colored at, different times, or so crystallized as to reflect light differ
ently, and thus the texture of the original body may be faithfully
exhibited.
The student may perhaps ask whether, on chemical principles, we have

any ground to expect that mineral matter will be thrown down precisely
in those spots where organic decomposition is in progress? The following
curious experiments may serve to illustrate this point. Professor Gip
pert of Breslau attempted recently to imitate the natural process of petpert of

For this purpose lie steeped a variety of animal and vegetableubst.ances in waters, some holding siliceous, others calcareous, others
"metallic matter in solution. He found that in time period of a few weeks,
or even days, the organic bodies thus immersed were mineralized to 9
Pertain extent. Thus, for example, thin vertical slices of deal, taken
from the Scotch fir (Pinus si,lvcsl.is), were iminerseti in a moderately
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strong solution of sulphate of. iron. When they had been thoroughly
soaked in the liquid for several days they were dried and exposed to a

red-heat until the vegetable matter was burnt up and nothing remained

but an oxide 0 Iron, which was found to have taken the form of the

deal so exactly that casts even of the dotted vessels peculiar to this fam

ily of plants were distinctly visible under the microscope.
Another accidental experiment has been recorded by. Mr. Pepys in the

Geological Transactions.* An earthen pitcher containing several quarts
of sulphate of iron had remained undisturbed and unnoticed for about; a

twelvemonth in the laboratory. At the end of this time when the liquor
was examined an oily appearance was observed on the surface, and a

yellowish powder, which proved to be sulphur, together with a quantity
of small hairs. At the bottom were discovered the bones of several mice

in a sediment consisting of small grains of pyrites, others of sulphur,
others of crystallized green sulphate of iron, and a black muddy oxide

of iron. It was evident that some mice had accidentally been drowned in

the fluid, and by the mutual action of the animal matter and the sulphate
of iron on each other, the metallic sulphate had been deprived of its ox

ygen; hence the pyrites and the other compounds were thrown down.

Although the mice were not mineralized, or turned into pyrites, the phe
nomenon shows how mineral waters, charged with sulphate of iron, may
be deoxydated on coming in contact with animal matter undergoing pu
trefaction, so that atom after atom of pyrites may be precipitated, and

ready, under favorable circumstances, to replace the oxygen, hydrogen,
and carbon into which the original body would be resolved.
The late Dr. Turner observes, that when mineral matter is in a

"nascent state," that is to say, just liberated from a previous state of
chemical combination, it is most ready to unite with other matter, and
form a new chemical compound. Probably the particles or atoms just
set free are of extreme minuteness, and therefore move more freely, and
are more ready to obey any impulse of chemical affinity. Whatever be
the cause, it clearly follows, as before stated, that where organic matter

newly imbedded in sediment is decomposing, there will chemical changes
take place most actively.
An analysis was lately made of the water which was flowing off' from

the rich mud deposited by the Ilooghly river in the Delta of the Ganges
after the annual inundation. This water was found to be highly charged
with carbonic acid gas holding limo in solution.f Now if newly

deposited mud is thus proved to be permeated by mineral matter in "n
state of solution, it is not difficult to perceive that decomposing organic
bodies, naturally imbedded in sediment, may as readily become petrified
as the substances artificially immersed by Professor Gppert in various
fluid mixtures.

It is well known that the water of springs, or that which is continually

* Vol. 1 p. 899, first 8oriQ3.

f Piddington, Asiat. Research. 'o1. xviii. p. 226.
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percolating the earth's crust, is rarely free from a slight admixture either

of iron, carbonate of lime, sulphur, silica, potash, or some other earthy,

alkaline, or metallic ingredient. Hot springs in particular are copiously

charged with one or more of these elements; and it. is only in their

waters that silex is found in abundance. In certain cases, therefore,

especially in volcanic regions, we may imagine the flint of silicified

wood and corals to have been supplied by the waters of thermal springs.

In other instances, as in tripoli, it may have been derived in great part, if

not wholly, from the decomposition of diatomacee, sponges, and othei

bodies. But even if this be granted, we have still to inquire whence a lake

or the ocean can be constantly replenished with the calcareous and siliceous

matter so abundantly withdrawn from it by the secretions of living beings.
In regard to carbonate of lime there is no difficulty, because not

only are calcareous springs very numerous, but even rain-water, when

it falls on ground where vegetable matter is decomposing, may be

come so charged with carbonic acid as to acquire a power of dis

solving a minute portion of the calcareous rocks over which it flows.

Hence marine corals and mollusca may be provided by rivers with

the materials of their shells and solid supports. But pure silex, even
when reduced to the finest powder and boiled, is insoluble in water,

except at very high temperatures. Nevertheless Dr. Turner has well ex

plained, in an essay on the chemistry of geology,* how the decomposi
tion of feispar may be a source of silex in solution. He has remarked
that the siliceous earth, which constitutes more than half the bulk of

feispar, is intimately combined with alumine, potash, and some other
elements. The alkaline matter of the feispar has a chemical affinity for
water, as also for the carbonic acid which is more or less contained in
the waters of most springs. The water therefore carries away alkaline
matter, and leaves behind a clay consisting of alumine and silica. But
this residue of the decomposed mineral, which in its purest state is called

porcelain clay, is found to contain a part only of the silica which existed
in the original feispar. The other part, therefore, must have been dis
solved and removed; and this can be accounted for in two ways; first,
because silica when combined with an alkali is soluble in water; sec
ondly, because silica in what is technically called its nascent state is also
soluble in water. Hence an endless supply of silica is afforded to rivers
and the waters of the sea. For the feispathic rocks are universally dis
tributed, constituting, as they do, so large a proportion of the volcanic,
platonic, and metamorphic formations. Even where they chance to be
absent in mass, they rarely fail to occur in the superficial gravel or allu
vial deposits of the basin of every large river.
The disintegration of mica also, another mineral which enters largely in

to the composition of granite and various sandstones, may yield silica which
may be dissolved in water, for nearly half of this mineral consists of silica,
combined with nlumine1 potash, and about a tenth part of iron. The ox
idation of this iron in the air is the principal cause of the waste of mica.

* Jam. Ed. New P1H. Jouin. No. 20, p. 246.
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We have still, however, much to learn before the conversion of fossil

bodies into stone is fully understood. Some phenomena seem to imply
that the mineralization must proceed 'with considerable rapidity, for

stems of a soft and succulent character, and of a most perishable nature,

are preserved in flint; and there are instances of the complete silicifica

tion of the young leaves of a palm-tree when just about to shoot forth,

and in that state which in the West Indies is called the cabbage of the

palm.* It may, however, be questioned whether in such cases there

may not have been some antiseptic quality in the water which re

tarded putrefaction, so that the soft parts of the buried substance may
have remained for a long time without disintegration, like the flesh of
bodies imbedded in peat.
Mr. Stokes has pointed out examples of petrifactions in which the

more perishable, and others where the more durable portions of wood
are preserved. These variations, he suggests, must doubtless have de

pended on the time when the lapidifying mineral was introduced. Thus,
in certain silicified stems of pahu-trees, the cellular tissue, that most de
structible part, is in good condition, while all signs of the hard woody
fibre have disappeared, the spaces once occupied by it being hollow or
filled with agate. Here, petrifaction must have commenced soon after
the wood was exposed to the action of moisture, and the supply of min
eral matter must then have failed, or the water must have become too
much diluted before the woody fibre decayed. But when this fibre is
alone discoverable, we must suppose that an interval of time elapsed be
fore the commencement of lapidification, during which the cellular tissue
was obliterated. When both structures, namely, the cellular and the

woody fibre, are preserved, the process must have commenced at an

early period, and. continued without interruption till it was completed
throughout4




* Stokes, GeoL Trans. vol. v. p. 212, second pries.
f Ibid.
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CHAPTER V.

ELEVATION OF STRATA ABOVE THE SEA-UOR1Z0TAL AND INCLINED

STRATIFICATION.

Why the position of marine strata, above the level of the sea, should be referred

to tho rising up of the land, not to the going down of the sea-Upheaval of

extensive masses of horizontal strata-Inclined and vertical stratification-An

ticlinal and synclinal lines-Bent strata in cast of Scotland-Theory of folding

by lateral movement-Creeps-Dip and strike-Structure of the Jura-Vari

ous forms of outcrop-Rocks broken by flexure-Inverted position of disturbed

strata-Unconformable stratification-Hutton and Playfair on the same-Frac

tures of strata-Polished surfaces__Faults-Appearance of repeated alterna
tions produced by them-Origin of great faults.

L4xv has been raised, not the sea lowered.-It has been already stated

that the aqueous rocks containing marine fossils extend over wide conti

nental tracts, and are seen in mountain chains rising to great heights
above the level of the sea (p. 4). Hence it follows, that what is now dry
land was once under water. But if we admit this conclusion, we must

imagine, either that there has been a general lowering of the waters of the

ocean, or that the solid rocks, once covered by water, have been raised

up bodily out of the sea, and have thus become dry land. The earlier

geologists, finding themselves reduced to this alternative, embraced the

former opinion, assuming that the ocean was originally universal, and

had gradually sunk down to its actual level, so that the present islands

and continents were left dry. It seemed to them far easier to conceive

that the water had gone down, than that solid land had risen upwards
into its present position. It was, however, impossible to invent any sat

isfactory hypothesis to explain the disappearance of so enormous a body
of water throughout the globe, it being necessary to infer that the ocean

had once stood at whatever height marine shells might be detected. It
moreover appeared clear, as the science of Geology advanced, that certain

spaces on the globe had been alternately sea, then land, then estuary,
then sea again, and, lastly, once more habitable land, having remained
in each of these states for considerable periods. In order to account for
such phenomena, without admitting any movement of the land itself, we
are required to imagine several retreats and returns of the ocean; and
even then our theory applies merely to cases where the marine strata

composing the dry land are horizontal, leaving unexplained those more
common instances where strata are inclined, curved, or placed on their
edges, and evidently not in the position in which they were first

deposited.
Geologists, therefore, were at last compelled to have recourse to the

other alternative, nameiy, the doctrine that the solid land has been re

peatedly moved upwards or downwards, so as permanently to change its



Cu. V.] NOT THE SEA LOWERED. 45

position relatively to the sea. There are several distinct grounds for

preferring this conclusion. First, it will account equally for the position

of those elevated masses of marine origin in which the stratification re

mains horizontal, and for those in which the strata are disturbed, broken,

inclined, or vertical. Secondly, it is consistent with human experience

that land should rise gradually in some places and be depressed in

others. Such changes have actually occurred in our own days, and are

now in progress, having been accompanied in some cases by violent con

vulsions, while in others they have proceeded so insensibly, as to have

been ascertainable only by the most careful scientific observations, made

at considerable intervals of time. On the other hand, there is no evi

dence from human experience of a lowering of the sea's level in any

region, and the ocean cannot sink in one place without its level being

depressed all over the globe.
These preliminary remarks will prepare the reader to understand the

great theoretical interest attached to all facts connected with the position
of strata, whether horizontal or inclined, curved or vertical.
Now the first and most simple appearance is where strata of marine

origin occur above the level of the sea in horizontal position. Such are

the strata which we meet with in the south of Sicily, filled with shells

for the most part of the same species as those now living in the Mediter

ranean. Some of these rocks rise to the height of more than 2000 feet

above the sea. Other mountain masses might be mentioned, composed
of horizontal strata of high antiquity, which contain fossil remains of

animals wholly dissimilar from any now known to exist. In the south

of Sweden, for example, near Lake Wener, the beds of one of the oldest
of the fossiliferous deposits, namely, that formerly called Transition, and
now Silurian, by geologists, occur in as level a position as if they had

recently formed part of the delta of a great river, and been left dry on
the retiring of the annual floods. Aqueous rocks of about the same age
extend for hundreds of miles over the lake-district of North America,

and exhibit in like manner a stratification nearly undisturbed. The
Table Mountain at the Cape of Good Hope is another example of highly
elevated yet per1ctly horizontal strata, no less than 3500 feet in thick

ness, and consisting of sandstone of very ancient date.
Instead of imagining that such fossiliferous rocks were always at their

present level, and that the sea was once high enough to cover them, we

suppose them to have constituted the ancient bed of the ocean, and that

they were gradually uplifted to their present height. This idea, how
ever startling it may at first appear, is quite in accordance, as before
stated, with the analogy of changes now going on in certain regions of
the globe. Thus, in parts of Sweden, and the shores and islands of the
Gulf of Bothnia, proofs have been obtained that the land is experiencing,
and has experienced for oenturies, a slow upheaving movement. Play
fair argued in favor of this opinion in 802; and in 180', Von Buch,
after his travels in Scandinavia, announced his conviction that a rising
of the land was in progress. Celsius and other Swedish writers had,
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a century before, declared their belief that a gradual change had, for

ages, been taking place in the relative level of land and sea. They at

tributed the change to a fall of the waters both of the ocean and the

Baltic. This theory, however, has now been refuted by abundant evi

dence; for the alteration of relative level has neither been universal nor

everywhere uniform in quantity, but has amounted, in some regions, to

several feet in a century, in others to a few inches; while in the south

ernmost part of Sweden, or the province of Scania, there has been actu

ally a loss instead of a gain of land, buildings having gradually sunk

below ihe level of the sea.*
It appears, from the observations of Mr. Darwin and others, that very

extensive regions of the continent of South America have been under

going slow and gradual upheaval, by which the level plains of Patagonia,
covered with recent marine shells, and the Pampas of Buenos Ayres,
have been raised above the level of the sea.f On the other hand, the

gradual sinking of the west coast of Greenland, for the space of more

than 600 miles from north to south, during the last four centuries, has

been established by the observations of a Danish naturalist, Dr. Pingel.
And while these proofs of continental elevation and subsidence, by slow

and insensible movements, have been recently brought to light, the evi

dence has been daily strengthened of continued changes of level effected

by violent convulsions in countries where earthquakes are frequent. There
the rocks are rent from time to time, and heaved up or thrown down
several feet at once, and disturbed in such a manner, that the original
position of strata may, in the course of centuries, be modified to any
amount.

It has also been shown by Mr. Darwin, that, in those seas where cir
cular coral islands and barrier reefs abound, there is a slow and continued

sinking of the submarine mountains on which the masses of coral are
based; while there are other areas of the South Sea, where the land is,
on the rise, and where coral has been uphcaved far above the sea-level.

It would require a volume to explain to the reader the various facts
which establish the reality of these movements of land, whether of ele
vation or depression, whether accompanied by earthquakes or accom
plished slowly and without local disturbance. Having treated fully of
these subjects in the Principles of Geology, I shall assume, in the present
work, that such changes are part of the actual course of nature; and
when admitted, they will be found to afford a key to the interpretation
of a variety of geological appearances, such as the elevation of horizon
tal, inclined, or disturbed marine strata, and the superposition of fresh-
* In the first three editions of my Principles of Geology, I expressed manydoubts as to the validity of the alleged proofs of a gradual rise of land in Sweden;

but after visiting that country, in 1834, I retracted those objections, and publisheda detailed statement of the observations which led me to alter my opinion in the
Phil. Trans. 1835, Part L See also the Principles, 4th and subsequent editions.
+ See his Journal of a Naturalist in Voyage of the Beagle, and his work on

Coral Roe f.
See chapters xxvii. to xxxii. inclusive, and chap. I.
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water to marine deposits, afterwards to be described. It will also appear,

In the sequel, how much light the doctrine of a continued subsidence of

laud may throw on the manner in which a series of strata, formed in

shallow water, may have accumulated to a great thickness. The exca

vation of valleys also, and other effects of denudation, of which I shall

presently treat, can alone be understood when we duly appreciate the

proof, now on record, of the prolonged rising and sinking of land,

throughout wide areas.
To conclude this subject, I may remind the reader, that were we to

embrace the doctrine which ascribes the elevated position of marine

formations, and the depression of certain freshwater strata, to oscillations

in the level of the waters instead of the land, we should be compelled to

admit that the ocean has been sometimes everywhere much shallower

than at present, and at others more than three miles deeper.
Inclined stratification.-Tho most unequivocal evidence of a change

in the original position of strata is afforded by their standing up perpen
dicularly on their edges, which is by no means a rare phenomenon, es

pecially in mountainous countries. Thus we find in Scotland, on the
southern skirts of the Grampians, beds of pudding-stone alternating
with thin layers of fine sand, all placed vertically to the horizon. When
Saussure first observed certain couglomer- Fig. 61.
ates in a similar position in the Swiss Alps,
he remarked that the pebbles, being for the
most part of an oval shape, had their

'

longer axes parallel to the planes of strati- 0(1 c
flcation (see fig. 61). From this he in000o a 0

0 0
ferred, that such strata must, at first, have
been horizontal, each oval pebble having
originally settled at the bottom of the Vertical conglomerate and sandstone.

water, with its flatter side parallel to the horizon, for the same reason
that an egg will not stand on either endif unsupported. Some few, in
deed, of the rounded stones in a conglomerate occasionally afford an

exception to the above rule, for the same reason that we see on a shingle
beach some oval or flat-sided pebbles resting on their ends or edges;
these having been forced along the bottom and against each other by a
wave or current so as to settle in this position.

Vertical strata, when they can be traced continuously upwards or
downwards for some depth, are almost invariably seen to be parts of

great curves, which may have a diameter of a few yards, or of several
miles. I shall first describe two curves of considerable regularity, which
occur in Forfarsimire, extending over a country twenty miles in breadth,
from the foot of the Grampians to the sea near Arbroath.
The mass of strata here shown may be nearly 2000 feet in thickness,

consisting of red and white sandstone, and various colored slmales, the
beds being distinguishable into four principal groups, namely, No. 1, red
marl or shale; No. 2, red sandstone, used for building; No. 3, conglom
erate; and No. 4, gray paving-stone, and tile-stone, with green and red-
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dish shale, containing peculiar organic
re-""1mains. A glance at the section will show......

that each of the formations 2, 3, 4, are re-

peated thrice at the surface, twice with a

\ \ southerly, and once with a northerly mcli-

\\ \ cation or dip, and the beds in No. 1, which"
\\\ \ are nearly horizontal, are still brought up

...: \ \ \ twice by a slight curvature to the surface,

1/1 J once on each side of A. Beginning at the

northwest extremity, the tile-stones and

/ . / conglomerates No. 4 and No. 3 are

verti-cal,and they generally form a ridge par-
'1

/ allel to the southern skirts of the Grampi-CS '0" C:
-

/ /
ans. The superior strata Nos. 2 and 1 be-

/ / come less and less inclined on descending
to the valley of Strathmore, where the

strata, having a concave bend, are said by
tb El geologists to lie in a "trough" or "basin,"

Through the centre of this valley runs an

I imaginary line A, called technically a

"synclinal line," where the beds, which

.59 SA are tilted in opposite directions, may be
. supposed to meet. It Is most important

\ \\\\ for the observer to mark such lines, for he

\\\\ \ will perceive by the diagram, that in trav-

elling from the north to the centre of the

- \\ \- basin, he is always passing from older to

newer beds; whereas, after crossing the
c..

line A, and pursuing his course in the same

, \ southerly direction, he is continually leav-

\ \
'

ing the newer, and advancing upon older

strata. All the deposits which he had be-

ti \\ \ C: fore examined begin then to recur in re-
r. C: versed order, until he arrives at the central-; - A CIa

\1\
.

axis of the Sidlaw hills, where the strata

are seen to form an arch or saddle, having
an anticlinal line B, in the centre. On passing this line, and continuing
towards the S. E., the formations 4, 3, and 2, are again repeated, in the
same relative order of superposition, but with a southerly dip. AtWhite-
ness (see diagram) it will be seen that the inclined strata are covered by
a newer deposit, a, in horizontal beds. These are composed of red conglom-
erate and sand, and are newer than any of the groups, 1, 2, 314, before de-
scribed, and rest unconformably upon strata of the sandstone group, No. 2.
An example of curved strata, in which the bends or convolutions of

the rock are sharper and far more numerous within an equal space, has
been well described by Sir James Hall.* It occurs near St. Abb'8 Head,

* Edin. Trans. vol. vii. p1. 3.
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on the east coast of scotland, where the rocks consist principally of a

bluish slate, having frequently a ripple-marked surface. The undulations
of the beds reach from the top to the bottom of cliffs from 200 to 300

Fig. 63.

feet in height, and there are sixteen distinct bendings in the course of
about six miles, the curvatures being alternately concave and convex up
wards.
An experiment was made by Sir James flail, with a view of illus

trating the manner in which such strata, assuming them to have been

originally horizontal, may have been forced into their present position. A
set of layers of clay were placed under a weight, and their opposite ends

pressed towards each other with such force as to cause them to approach
more nearly together. On the removal of the weight, the layers of clay
were found to be curved and folded, so as to bear a miniature resemblance.
to the strata in the cliffs. We must, however, bear in mind, that in the
natural section or sea-cliff we only see the foldings imperfectly, one part
being invisible beneath the sea, and the other, or upper portion, being
supposed to have been carried away by denudation, or that action of

Fig. 64.

//
\

Wi 11

water which will be explained in the next chapter. The dark lines n
the accompanying plan (fig. 04) represent what is actually seen of we
strata in part of the line of cliff alluded to; the 1tiiiter lines, that. por.

4

Curved strata of Into near St. Abb's Head, Berwickshire. (Sir J. Hall.)
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tion which is concealed beneath the sea-level, as also that which is sup

posed to have once existed above the present surface.

We may still more easily illustrate the effects which a lateral thrust

might produce on flexible strata, by placing several pieces of differently
colored cloths upon a table, and when they are spread out horizontally,

Fig. 65.

cover them with a book. Then apply other books to each end, and force

them towards each other. The folding of the cloths will exactly imitate

those of the bent strata. (See fig. G5.)
Whether the analogous flexures in stratified rocks have really been

due to similar sideway movements is a question of considerable difficulty.
It will appear when the volcanic and granitic rocks are described, that

some of them have, when melted, been injected forcibly into fissures,

while others, already in a solid state, have been protruded upwards
through the incumbent crust of the earth, by which a great displace
ment of flexible strata must have been caused.
But we also know by the study of regions liable to earthquakes, that

there are causes at work in the interior of the earth capable of producing
a sinking in of the ground, sometimes very local, but sometimes extend

ing over a wide area. The frequent repetition, or continuance throughout
long periods, of such downward movements seems to imply the formation
and renewal of cavities at a certain depth below the surface, whether by
the removal of matter by volcanoes and hot springs, or by the contrac
tion of argillaceous rocks by heat and pressure, or any other combination
of circumstances. Whatever conjectures we may indulge respecting the
causes, it. is certain that pliable beds may, in consequence of unequal
degrees of subsidence, become folded to any amount, and have all the

appearance of having been compressed suddenly by a lateral thrust.
The "Creeps," as they are called in coal-mines, afford an excellent ii

lustration of this fact.-First, it may be stated generally, that tile exen
vation of coal at a considerable depth causes the mass of overlying strata
to sink down bodily, even when props are left to support the roof of the
mine. "In Yorkshire," says Mr. Buddle, "three distinct subsidences
were perceptible at the surface, after the clearing out of three seams of
coal below, and innumerable vertical cracks were caused in the incum
bent mass of sandstone and shale, which thus settled down.* The ex-

* Proceedings of Cool. Soc. vol. iii. p. 148.
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act amount of depression in these cases can only be accurately measured

where water accumulates on the surface, or a railway traverses a coal-field.

When a bed of coal is worked. out, pillars or rectangular masses of

coal are left at intervals as props to support the roof and protect the

colliers. Thus in fig. 66, representing a section at Walisenci, Newcastle,
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the galleries which have been excavated arc represented by the white

spaces a b, while the adjoining dark portions are parts of the original
coal-seam left as props, beds of sandy clay or shale constituting the floor
of the mine. When the props have been reduced in size, they are pressed
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down by the weight of overlying rocks (no less than 630 feet thick)

upon the shale below, which is thereby squeezed and forced up into the

open spaces.
Now it might have been expected, that instead of the floor rising up,

the ceiling would sink down, and this effect, called a "Thrust," does, in

fact., take place where the pavement is more solid than the roof. But it

usually happens, in coal-mines, that the roof is composed of hard shale,

or occasionally of sandstone, more unyielding than the foundation, which

often consists of clay. Even where the argillaceous substrata are hard

at first, they soon become softened and reduced to a plastic state when

exposed to the contact of air and water in the floor of a mine.

The first symptom of a "creep," says Mr. Buddle, is a slight curvature

at the bottom of each gallery, as at a, fig. 66: then the pavement con

tinuing to rise, begins to open with a longitudinal crack, as at b: then

the points of the fractured ridge reach the roof, as at c; and, lastly, the

upraised beds close up the whole gallery, and the broken portions of the

ridge are reunited and flattened at the top, exhibiting the flexure seen at
d. Meanwhile the coal in the props has become crushed and cracked by

pressure. It is also found, that below the creeps a, b, c, il, an inferior
stratum, called the "metal coal," which is 3 feet thick, ha been fractured
at the points e, f, 9, it, and has risen, so as to prove that the upward
movement, caused by the working out of the "main coal," has been

propagated through a thickness of 54 feet of argillaceous beds, which
intervene between the two coal seams. This same displacement has also
been traced downwards more than 150 feet below the metal coal, but it

grows continually less and less until it becomes imperceptible.
No part of the process above described is more deserving of our no.

tice than the slowness with which the change in the arrangement of the
beds is brought about. Days, months, or even years, will sometimes

elapse between the first bending of the pavement and the time of its

reaching the roof. Where the movement has been most rapid, the curv
ature of the beds is most regular, and the reunion of the fractured ends
most complete; whereas the signs of displacement or violence are great
est in those creeps which have required months or years for their entire

accomplishment. Hence we may conclude that similar changes may
have been wrought on a larger scale in the earth's crust by partial and

gradual subsiclences, especially where the ground bas been undermined

throughout long periods of time; and we must be on our guard against
inferring sudden violence, simply because the distortion of the beds is
excessive.
Between the layers of shale, accompanying coal, we sometimes see

the leaves of fossil ferns spread out as regularly as dried plants between
sheets of paper in the herbarium of a botanist. These fern-leaves, Or
fronds, must have rested horizontally on soft mud, when first deposited.
If, therefore, they and the layers of shale are now inclined, or standing
on end, it is obviously, the cm"ef, of subsequent derangement. The proof
becoine, if possible, still more striking whieii these strata, including
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vegetable remains, are curved again and again, and even folded into the

form of the letter Z, so that the same continuous layer of coal is cut

through several times in the same perpendicular shaft. Thus, in the

coal-field near Mons, in Belgium, these zigzag bendiugs are repeated four

Fig. CT.

or five times, in the manner represented in fig. 67, the black lines repre
senting seams of coal.*

Dip and strike.-In the above remarks, several technical terms have
been used, such as dip, the vnccmformable position of strata, and the

antichnal and synclinal lines, which, as well as the strike of the beds, I

shall now explain. If a stratum or bed of rock, instead of being quite
level, be inclined to one side, it is said to dip; the point of the compass
to which it is inclined is called the point of dip, and the degree of devi
ation from a level or horizontal line is called the amount of dip, or the

Fig. Os. angle of dip. Thus, in the annexed

diagram (fig. 68), a series of strata

fell are inclined, and they dip to the north
at an angle of forty-five degrees. The
strike, or line qf bearing, is the pro

/N
longation or extension of the strata

in a direction at right angles to the dip; and hence it is sometimes called
the direction of the strata. Thus, in the above instance of strata dipping
to the north, their strike must necessarily be east and west. We have
borrowed the word from the German geologists, streiclzen signifying to
extend, to have a certain direction. Dip and strike may be aptly illus
trated by a row of houses running east and west, the long ridge of
the roof representing the strike of the stratum of slates, which dip on
one side to the north, and on the other to the south.
A stratum which is horizontal, or quite level in all directions, has

neither dip no'. strike.
It is always important for the geologist., who is endeavoring to com

prehend the structure of a country, to learn how the beds dip in every
part of the district; but it requires some practice to avoid being occa

3iOnahIy deceived, both as to the point of dip and the amount of it.
* See plan by M. Chevalier, )3uraL'H DAtibuison, torn. ii. p. 884.

Zigzag flexures of coal near Mons.
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If the upper surface of a hard stony stratum be uncovered, whether

artificially in a quarry, or by the waves at the foot of a cliff; it is easy
to determine towards what point of the compass the slope is steepest, or

in what direction water would flow, if poured upon it. This is the true

clip. But the edges of highly inclined strata may give rise to perfectly
horizontal lines in the face of a vertical cliff, if the observer see the

strata in the line of their strike, the dip being inwards from the face of

the cliff. If, however, we come to a break in the cliff, which exhibits a

section exactly at right angles to the line of the strike, we are then able

to ascertain the true dip. In the annexed drawing (fig. 69), we may

suppose a headland, one side of which faces to the north, where the

Fig. 69.
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Apparent borizontailty of IncUned strata.

beds would appear perfectly horizontal to a person in the boat; while in
the other side facing the west, the true dip would be seen by the person
on shore to be at an angle of 400. If, therefore, our observations are
confined to a vertical precipice facing in one direction, we must endeavor
to find a ledge or portion of the plane of one of the beds projecting be
yond the others, in order to ascertain the true dip.

It is rarely important to determine the angle of inclination with such
minuteness as to require the aid of the instrument called a clinometer.
We may measure the angle within a few degrees by standing exactly

Fig. 70. opposite to a chill where the true clip is

,

exhibited, holding the bands immediately
before the eyes, and placing the fingers of
one in a perpendicular, and of the other in
a horizontal position, as in fig. '10. It is

/ thus easy to discover whether the lines of
the inclined beds bisect the angle of 90°,

. formed by the meeting of the hands, so 8$
to give an angle of 45°, or whether it

--'/' would divide the space into two equal or

unequal portions. The upper dotted hue
may express a stratum dipping to the north; but should the beds dip
precisely to the opposite point, of the compass as in the lower dotted
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line, it will be seen that the amount of inclination may still be measured

by the hands with equal facility.
It has been already seen, in describing the curved strata on the east

coast of Scotland, in Forfarshiro and Berwickshire, that a series of con

cave and convex bendings are occasionally repeated several times. These

usually form part of a series of parallel waves of strata, which are pro

longed in the same direction throughout a considerable extent of country.
Thus, for example, in the Swiss Jura, that lofty chain of mountains has

been proved to consist of many parallel ridges, with intervening longi
tudinal valleys, as in fig. '71, the ridges being formed by curved fossilif

erous strata, of which the nature and dip are occasionally displayed in

deep transverse gorges, called "cluses," caused by fractures at right angles
to the direction of the chain.* Now let us suppose these ridges and

parallel valleys to run north and south, we should then say that the
strike of the beds is north and south, and the dip east and west. Lines
drawn along the summits of the ridges, A, B, would be anticlinal lines,

and one following the bottom of the adjoining valleys a synclinal line.

Fig. TI.

Section illustrating the structure of the Swiss Jura.

It will be observed that some of these ridges, A, B, are unbroken on the
summit., whereas one of them, C, has been fractured along the line of
strike, and a portio of it carried away by denudation, so that the ridges
of the beds in the formations a, b, c, come out. to the day, or, as the

miners say, crop out, on the sides
Fi 7 Fig. 73.




of a valley. The ground plan of
such a denuded ridge as 0, as given
in a geological map, may be

ex-pressedby the diagram fig. 72, and
the cross section of time same by

-4




fl 73. The line D E, fig. 72, isg.
the antklinal line, on each side of

Ground plan of the denuded rIdO, l1 71. wimielt the dip is in opposite direc-

* See M. Tliurmann's work, "Esni sur le Souverncims Jiirnssiqncs du Por
rentruy, Pnri, I83," with whom I examined part of t1iew mountains in 1835.

-A-
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Lions, as expressed by the arrows. The emergence of strati at the stir

face is called by miners their outcrop or. basset.

If, instead of being folded into parallel ridges, the beds form a boss

or dome-shaped protuberance, and if we suppose the summit, of the

dome carried oft; the ground plan would exhibit the edges of the strata

forming a succession of circles, or ellipses, round a common centre.

These circles are the hues of strike, and the dip being always at right

angles is inclined in the course of the circuit to every point of the com

pass, constituting what is termed a qua-quavcrsal dip-that is, turning
each way.
There are endless variations in the figures described by the basset

edges of the strata, according to the different inclination of the beds,
and the mode in which they happen to have been denuded. One
of the simplest rules with which every geologist should be acquainted,
relates to the V-like form of the beds as they crop out in an ordinary
valley. First, if the strata be horizontal, the V-like form will be
also on a level, and the newest strata will appear at the greatest
heights.

Secondly, if the beds be inclined and intersected by a valley sloping
in the same direction, and the dip of the beds be less steep than the

slope of the valley, then the V's, as they are often termed by miners,
will point upwards (see fig. '14), those formed by the newer beds

appear-74.
ing in a superior position,

Fig. and extending highest up
the valley, as A Js seen
above B.

Thirdly, if the dip of the
beds be steeper than the

slope of the valley, then
the V's will point, clown

permost, as B appears above

j wards (see fig. 75), and
those formed of the older

N
beds will now appear up-

Slope of valley 4O, dip of strata 200. A.

Fig. 75. Fourthly, in every case
where the strata dip in a

;.

contrary direction to the

slope of the valley, what-
ever be the angle of inch-

/
.

.
nation, the newer beds will

:i
'

", . .. the first and second cases.

7;

appear the highest, as in

7. "
This is shown by the draw-

ing (fig. 70), which exhib-
/

/
. -

its strata rising at an angle
slope Of 'nlky 2'r), 'lip of strnt 5)O" 'f ()O, atuil crossedby
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Pig. TO. a valley, which declines in an

opposite directioi at 200.*
These rules may often be of

j'C:
great practical utility; for

occuinng in
the different degrees of dip

the two cases

represented in figures 74 and

'* - 75, may occasionally be en

countered in following the
" - - same line of flexure at 011-

a few miles distant from
Slope of valley 20°, clip of strata 200, in opposito each other. A miner un

dlrectIon.




acquainted with the rule,

who had first explored the valley (fig. 74), may have sunk a vertical
shaft below the coal-seam A, until he reached the inferior bed B. He

might then pass to the valley fig. 75, and discovering there also the out

crop of two coal-seams, might begin his workings in the uppermost in the

expectation of coming down to the other bed A, which would be observed

cropping out lower down the valley. But a glance at the section will

demonstrate the futility of such hopes.
In the majority of cases, an anticlinal axis forms a ridge, and a syn

dma! axis a valley, as in A, B, fig. 62, p. 48; but there are exceptions
to this rule, the beds sometimes sloping in-

Pig. TT. . . .
wards from either side of a mountain, as in

fig. 77.
On following one of the aiiticlinal ridges

of the Jura, before mentioned, A, B, 0, fig.
71, we often discover longitudinal cracks and
sometimes large fissures along the line where

the flexure was greatest. Some of these, as above stated, have been en

larged by denudation into valleys of considerable width, as at 0, fig. 71,
which follow the line of strike, and which we may suppose to have been
hollowed out at the time when these rocks were still beneath the level of
the sea, or perhaps at the period of their gradual emergence from be
neath the waters. The existence of such cracks at the point of the

sharpest bending of solid strata of limestone is precisely what we should
have expected; but the occasional want of all similar signs of fracture,
even where the strain has been greatest, as at. a., fig. 71, is not always
easy to explain. We must imagine that many strata of limestone, chert.,
and other rocks which are now brittle, were pliant when bent into their

present position. They may have owed their flexibility in part to the

* I am indebted to the kinduess of T. Sopwithi, Esq., for three models which I
have copied in the above diagrams; but the beginner may find it by no means
easy to understand such copies, although, if he were to exiunino and handle tile
originals, turning them about in different ways, he would at once comprehend
their meaning, as well as the import of oilers for more complicated, which the
-nine engineer has constructed to illustrate faultR.
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fluid matter which they contained in their minute pores, as before

described (p. 35), and in part to the permeation of sea-water while they

were yet submerged.
At the western extremity, of the Pyrenees, great curvatures of the

strata are seen in the sea cliffs, where the rocks consist of marl, grit, and

che't At certain points, as at a, fig. 78, some of the bendings of the

Fig. 78.

Strata of chort, grit, and marl, near St. Joan do Luz.

flinty chert are so sharp, that specimens might be broken on; well fitted

to serve as ridge-tiles on the roof of a house. Although this chert

could not have been brittle as now, when first folded into this shape, it

presents, nevertheless, here and there at the points of greatest flexure
small cracks, which show that it was solid, and not wholly incapable of

breaking at the period of its displacement. The numerous rents alluded

to are not empty, but filled with chalcedony and quartz.
Between San Caterina and Castrogiovanni, in Sicily, bent and undu-

lating gypseous mans occur, with here and there thin beds of solid

79. gypsum interstratifled. Sometimes these
Fig. solid layers have been broken into detached

fragments, still preserving their sharp edges
(g .q, fig. '79), while the continuity of the

not been interrupted.

more pliable and ductile mans, in m, has

__ I shall conclude my remarks on bent
strata by stating, that, in mountainous re

q. gypsum. vz.
gions like the Alps, it is often difficult for

an experienced geologist to determine correctly the relative age of beds

by superposition, so often have the strata been folded back upon them
selves, the upper parts of the curve having been removed by denudation.
Thus, if we met with the strata seen in the section fig. so, we should

naturally suppose that there were twelve
Fig. so. distinct beds, or sets of beds, No. 1 being

the newest, and No. 12 the oldest of the
series. But this section may, perhaps,
exhibit merely six beds, which have been

folded in the manlier seen in fig. 81,.90 that each of them is twice re
peated, the position of one-half being reversed, and part. of No. 1, origi
nally the uppermost., having now become the lowest of the series. These
phenomena are often observable on a magnificent scale, in certain regions
in Switzerland in precipices from 2000 to 3000 feet in perpendicular
height. In the Iseltcii All), in the valley of the LuLsehine, between
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Fig. 81.

tfnterseen and Grindeiwald, curves of calcareous shale are seen from

1000 to 1500 feet in height, in 'which the beds sometimes plunge down

vertically for a depth of 1000 feet and more, before they bend round

Fig. 82.

again. There are many flexures not inferior in dimensions in the Pyre
flees, as those near Gavarnie, at the base of Mount Perdu.

Unconformable stratification.-Strata are said to be unconformable,
when one series is so placed over another, that the planes of the superior
repose on the edges of the inferior (see fig. 83). In this case it is cvi-

Fig. 83.




7.

Ursconformablo junction of olil red antono and Silurian chl8t at the Siccar Point, near St. .&bb'5
Head, Berwlckslihe. Boo also Frontispiece.

dent that a period had elapsed between the production of the two sets
of strata, and that., during this interval, the older series had been tilted

Curved strata of tho Isellon Alp.
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and disturbed. Afterwards the upper series was thrown down in hori

zontal strata upon it. If these superior beds, as ci, ci, fig. 83, are also

inclined, it is plain that the lower strata, a, a, have been twice displaced;

first, before the deposition of the newer beds, ci, ci, and a second time

when these same strata were thrown out of the horizontal position.

Playfair has remarked* that this kind of junction, which we now call

unconformable, had been described before the time of Hutton, but that

he was the first geologist who appreciated its importance, as illustrating
the high antiquity and great revolutions of the globe. He had observed

that where such contacts occur, the lowest beds of the newer series very

generally consist of a breccia or conglomerate consisting of angular and

rounded fragments, derived from the breaking up of the more ancient
rocks. On one occasion the Scotch geologist took his two distinguished

pupils, Playfair and Sir James Hall, to the cliffs on the east coast of
Scotland, near the village of Eyemoutb, not far from St. Abb's Head,
where the schists of the Lammermuir range are undermined and dis
sected by the sea. Here the curved and vertical strata, now known to
be of Silurian age, and which often exhibit a ripple-marked surface, are
well exposed at the headland called the Siccar Point, penetrating with
their edges into the incumbent beds of slightly inclined sandstone, in
which large pieces of the schist, some round and others angular, are
united by an arenaceous cement. "What clearer evidence," exclaims

Playfair, "could we have had of the different formation of these rocks,
and of the long interval which separated their formation, had we actually
seen them emerging from the bosom of the deep We felt ourselves

necessarily carried back to the time when the schistus on which we stood
was yet at the bottom of the sea, and when the sandstone before us was

only beginning to be deposited in the shape of sand or mud, from the
waters of a superincumbent ocean. An epoch still more remote pre
sented itslf, when even the most ancient of these rocks, instead of

standing upright in vertical beds, lay in horizontal planes at the bottom
of the sea, and was not yet disturbed by that immeasurable force which
has burst asunder the solid pavement of the globe. Revolutions still
more remote appeared in the distance of this extraordinary perspective.
The mind seemed to grow giddy by looking so far into the abyss of
time; and while w ]istcd with earnestness and admiration to the
philosopher who was now unfolding to us the order and series of these
wonderful events, we became sensible how much farther reason may
sometimes go than imagination can venture to follow."f

In. the frontispiece of this volume the reader will see a view of this
classical spot, reduced from a large picture, faithfully drawn and colored
from nature by the youngest son of the late Sir James Hall. It was im
possible, however, to do justice to the original sketch, in an engraving, as
the contrast of the red sandstone and thu light fawn-colored vertical schists

*
Biographical account of Dr. ilutton.

+ Mayfair, ibid.; see his Works, Edin. 1822, voL iv. p. 81.
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could not be expressed. From the point of view here selected, the under

lying beds of the perpendicular schist, a, are visible at b through a small

opening in the fractured beds of the covering of red sandstone, d d, while

on the vertical face of the old schist at a' a" a conspicuous ripple-mark

is displayed.
It often happens that in the interval between the deposition of two sets

of unconformable strata, the inferior rock has not only been denuded, but

drilled by perforating shells. Thus, for example, at Autreppe and Gusigny,

near Mons, beds of an ancient (primary or paleozoic) limestone, highly

Pig. 84.

inclined, and often bent, are covered with horizontal strata of greenish
and whitish math of the Cretaceous formation. The lowest and there

fore the oldest bed of the horizontal series is usually the sand and con

glomerate, a, in which are rounded fragments of stone, from an inch to

two feet in diameter. These fragments have often adhering shells at

tiched to them, and have been bored by perforating mollusca. The

solid surface of the inferior limestone has also been bored, so as to ex

hibit cylindrical and pear-shaped cavities, as at c, the work of saxicavous
mollusca; and many rents, as at 6, which descend several feet or yards
into the limestone, have been filled with sand and shells, similar to those
in the stratuma.

Fractures of the strata and faults.-Numerous rents may often be
seen in rocks which appear to have been simply broken, the separated
parts remaining in the same places; but we often find a fissure, several
inches or yards wide, intervening between the disunited pordos. These.
fissures are usually filled with fine earth and sand, or 'with angular
frag-mentsof stone, evidently derived from the fracture of the contiguous
rocks.

It is not uncommon to find the mass of rock, on one side of a fissure,
thrown up above or down below the mass with which it was once in
contact on the other side. This mode of displacement is called a shift.,
slip, or fault. "The miner," says Playfhir, describing a fault, "is often

perplexed, in his subterrancous journey, by a derangement in the strata,
which changes at once all those lines and bearings which had hitherto
directed his course. When his mine reaches a certain plane, which is
sometimes perpendicular, as in A B, fig. 85, sometimes oblique to the
horizon (as in C D, ibid.), he finds the beds of rock broken asunder.
those on the one side of the piano having changed their place, by sliding
in a particular direction along the face of the others. In this motion

they have sometimes preserved their parallelism, as in fig. 85, so that

Junction ofunconformable strata near Moms, In Bolginin.
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Fig. 85.

.A

.1) D
Faults. A B perpendicular, 0 D oblique to the horizon.

the strata on each side of the faults A B, C D, continue parallel to one

another; in other cases, the strata on each side are inclined, as in a, 6, c, d

Pig. 88.

r it e /. (F
EP, fault or fissure filled with rubbish, on each side ofwhich the shifted

strata are not parallel.

(fig. 86), though their identity is still to be recognized by their possessing
the same thickness, and the same internal characters."

In Coalbrook Dale, says Mr. Prestwicb,f deposits of sandstone, shale,

and coal, several thousand feet thick, and occupying an area of many
miles, have been shivered into fragments, and the broken remnants have

been placed in very discordant positions, often at levels differing several

hundred feet from each other. The sides of the faults, when perpendicu
lar, are commonly separated several yards, but are sometimes as much
as O yards asunder, the interval being filled with broken debris of the
strata. In following the course of the same fault, it is sometimes found
to produce in different places very unequal changes of level, the amount
of shift being in one place 800, and in another 1100 feet, which arises, in
some cases, from he union of two or more faults. In other words, the

disjointed strata have in certain districts been subjected to renewed move
ments, which they have not suffered elsewhere.
We may occasionally see exact counterparts of these slips, on a small

scale, in pits of loose sand and gravel, many of which have doubtless
been caused by the drying and shrinking of argillaceous and other beds,

slight subsidences having taken place from failure of support. Sometimes,
however, even these small slips may have been produced during earth

quakes; for land has been moved, and its level, relatively to the sea,
considerably altered, within the period when much of the alluvial sand
and gravel now covering the surface of continents was deposited.

*
Playfair, Must. of lIuLt. Theory, § 42.

f Geol. Trans. second series, voL v. p. 452.
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I have already stated that a geologist must be on his guard, in a region
of disturbed strata, against inferring repeated alternations of rocks, when,

in fact, the same strata, once continuous, have been bent round so as to

recur in the same section, and with the same dip. A similar mistake has

often been occasioned by a series of faults.

If, for example, the dark line A H (fig. 87) represent the surface of a

country on which the strata a b c frequently crop out, an observer, who

Fig. ST.




C

H
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is proceeding from H to A, might at first imagine that at every step he
was approaching new strata, whereas the repetition of the same beds has
been caused by vertical faults, or downthrows. Thus, suppose the origi
nal mass, A, B, 0, D, to have been a set of uniformly inclined strata, and
that the different masses under E F, F G, and G D, sank down success

ively, so as to leave vacant the spaces marked in the diagram by dotted
lines, and to occupy those marked by the continuous lines; then let de
nudation take place along the line A H, so that the protruding masses
indicated by the fainter lines are swept away,-a miner, who has not dis
covered the faults, finding the mass a, which we will suppose to be a bed
of coal four times repeated, might hope to find four beds, workable to an
indefinite depth, but first on arriving at the fault G he is stopped sud

denly in his workings, upon reaching the strata of sandstone c, or on ar

riving at the line of fault F, he comes partly upon the shale b, and partly
on the sandstone c, and Qfl reaching E lie is again stopped by a wall com

posed of the rock d.
The very different levels at which the separated parts of the same strata

are, found on the different sides of the fissure, in some faults, is truly
astonishing. One of the most celebrated in England is that called the

"ninety-fathom dike," in the coal-field of Newcastle. This name has
been given to it, because the same beds are ninety fathoms lower on the
northern than they are on the southern side. The fissure has been filled

by a body of sand, which is now in the state of sandstone, and is called
the dike, which is sometimes very narrow, but in other places more than

twenty yards wide.* The walls of the fissure are scored by grooves, such

Conybearo and Phillips, Outlines, &e. p. 316.

Apparent aternnt1ons of strata caused by vertical faults.
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AS would have been produced if the broken ends of the rock had been

rubbed along the plane of the fault.* In the Tynedale and Craven faults,

in the north of England, the vertical displacement is still greater, and the

fracture has extended in a horizontal direction for a distance of thirty

miles or more. Some geologists consider 3t necessary to imagine that the

upward or downward movement in these cases was accomplished at a

single stroke, and not by a series of sudden but interrupted movements.

This idea appears to have been derived from a notion that the grooved

walls have merely been rubbed in one direction. But this is so far from

being a constant phenomenon in faults, that it has often been objected to

the received theory respecting those polished surfaces called Lslicken

sides," that the strke are not always parallel, but often curved and ir

regular. It has, moreover, been remarked, that not only the walls of

the fissure or fault, but its earthy contents, sometimes present the same

polished and striated faces. Now these facts seem to indicate partial

changes in the direction of the movement, and some slidings subsequent
to the first filling up of the fissure. Suppose the mass of rock A, B, C,

to overlie an extensive chasm d e, formed at the depth of several miles,

Fig. 89..

whether by the gradual contraction in bulk of a melted mass passing into

a solid or crystalline state, or the shrinking of argillaceous strata, baked

by a moderate heat, or by the subtraction of matter by volcanic action, or

any other cause. Now, if this region be convulsed by earthquakes, the
fissures fg, and others at right angles to them, may sever the mass B
from A and from C, so that it may move freely, and begin to sink into
the chasm. A fracture may be conceived so clean and perfect as to
alloss it to subside at once to the bottom of the subterranean cavity; but
it is far more probable that the sinking will be effected at successive

periods during different earthquakes, the mass always continuing to slide
in the same direction along the planes of the fissures fy, and the edges
of the falling mass being continually more broken and tilturated at each
convulsion. If, as is not improbable, the circumstances which have caused
the failure of support continue in operation, it may happen that when the
mass B has filled the cavity first formed, its foundations will again give
way under it, so that it. will fall again in the same direction. But, if the
direction should change, the fact, could not be discovered by observing
the slickensides, because the last scoring would effitce the lines of previous
friction. In the present state of our ignorance of the causes of subsidence,
in hypothesis which can explain theu great amount of diplacomenL in

Phillips, (k'v1t., Lnrdiicr's Cylop. p. 41.



Ca. V.] ORIGIN OF GREAT FAULTS. 65

some faults, on sound mechanical principles, by a succession of moves

znents, is far preferable to any theory which assumes each fault to have

been accomplished by a single upcast or downthrow of several thousand

feet. For we know that there are operations now in progress, at great

depths in the interior of the earth, by which both large and small tracts

of ground are made to rise above and sink below their former level, some

slowly and insensibly, others suddenly and by starts, a few feet or yards
at a time; whereas there are no grounds for believing that, during the

last 3000 years at least, any regions have been either upheaved or de

pressed, at a single stroke, to the amount of several hundred, much less

several thousand feet. When some of the ancient marine formations are

described in the sequel, it will appear that their structure and organic
contents point to the conclusion, that the floor of the ocean was slowly

sinking at the time of their origin. The downward movement was very

gradual, and in Wales and the contiguous parts of England a maximum
thickness of 32,000 feet (more than six miles) of Carbonifcrctis, Devonian,
and Silurian rock was formed, whilst the bed of the sea was all the time

continuously and tranquilly subsiding.* Whatever may have been the

changes which the solid foundation underwent, whether accompanied by
the melting, consolidation, crystallization, or desiccation of subjacent min
eral matter, it is clear from the fact of the sea having remained shallow
all the while that the bottom never sank down suddenly to the depth of

many hundred feet at once.
It is by assuming such reiterated variations of level, each separately of

small vertical amount, but multiplied by time till they acquire importance
in the aggregate, that we are able to explain the phenomena of denuda
tion, which will be treated of in the next chapter. By such movements

every portion of the surface of the land becomes in its turn a line of coast,
and is exposed to the action of the waves and tides. A country 'which is

undergoing such movement is never allowed to settle into a state of equi
librium, therefore the force of rivers and torrents to remove or excavate
soil and rocky masses is sustained in undiminished energy.

* See the results of the "Geological Survey of Great Britain;" Memoirs, vole.
I. and ii. by Sir H. de la Beche, Mr. A. C. Ramsay, and Mr. John Phillips.
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CHAPTER VI.

DENUDATION.

Denudation defined-Its amount equal to the entire mass of stratified deposits in

the earth's crust-Horizontal sandstone denuded in Ross-shire-Levelled sur

face of countries in which great faults occur-Coalbrook Dale-Denuding power
of the ocean during the emergence of land-Origin of Valleys-Obliteration of
sea-cliffs-Inland sea-cliffs and terraces in the Morea and Sicily-Limestone

pillars at St. Mihiel, in Prance-In Canada-In the Bermudas.

DENUDATION, which has been occasionally spoken of in the preceding

chapters, is the removal of solid matter by water in motion, whether of

rivers or of the waves and currents of the sea, and the consequent laying
bare of some inferior rock. Gçologists have perhaps been seldom in the

habit of reflecting that this operation has exerted an influence on the

structure of the earth's crust as universal and important as sedimentary
deposition itself; for denudation is the inseparable accompaniment of
the production of all new strata of mechanical origin. The formation
of every new deposit by the transport of sediment and pebbles necessa

rily implies that there has been, somewhere else, a grinding down of rock
into rounded fragments, sand, or mud, equal in quantity to the new
strata. All deposition, therefore, except in the case of a shower of vol
canic ashes, is the sign of superficial waste going on contemporaneously,
and to an equal amount elsewhere. The gain at one point is no more
than sufficient to balance the loss at some other. Hero a lake has grown
shallower, there a ravine has been deepened. The bed of the sea has in
one region been raised by the accumulation of new matter, in another
its depth has been augmented by the abstraction of an equal quantity.
When we see a stone building, we know that somewhere, far or near,

a quarry has been opened. The courses of stone in the building may be
compared to successive strata, the quarry to a ravine or valley which has
suffered denudation. As the strata, like the courses of hewn stone, have
been laid one upon another gradually, so the excavation both of the
valley and quarry have been gradual. To pursue the comparison still
farther, the superficial heaps of mud, sand, and gravel, usually called
alluvium, may be likened to the rubbish of a quarry which has been re
jected as useless by the worknien, or has fallen upon the road between
the quarry and the building, so as to lie scattered at random over the
ground.
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If, then, the entire mass of stratified deposits in the earth's crust is at
once the monument and measure of the denudation which has taken

place, on how stupendous a scale ought we to find the signs of this re
moval of transported materials in past ages l Accordingly, there are
different classes of phenomena, which attest in a most striking manner
the vast spaces left vacant by the erosive power of water. I may allude,
first, to those valleys on both sides of which the same strata are seen

following each other in the same order, and having the same mineral

composition and fossil contents. We may observe, for example, several
Fig. SD. formations, as Nos. 1, 2,3, 4, in the accom

/ panying diagram (fig. 89); No. 1 conglom

4_ erate, No. 2 clay, No. 3 grit, and No. 4

2 limestone, each repeated in a series of hills

separated by valleys varying in depth.
When we examine the subordinate parts ofValleys of denudation.

a. alluvium, these four formations, we find, m like man-
ner, distinct beds in each, corresponding, on the opposite sides of the

valleys, both in composition and order of position. No one can doubt
that the strata were originally continuous, and that some cause has

swept away the portions which once connected the whole series. A
torrent on the side of a mountain produces similar interruptions; and
when we make artificial cuts in lowering roads, we expose, in like man
ner, corresponding beds on either side. But in nature, these appearances
occur in mountains several thousand feet high, and separated by inter
vals of many miles or leagues in extent, of which a grand exemplifica
tion is described by Dr. MacCulloch, on the northwestern coast of Ross
shire, in Scotland.*




Fig. 90.
Sail Vcinn. Coal beg. Coal more.

Denudation of rod sandstone on northwest coast of Ross-6hire. (MacCulloeb.)

The fundamental rock of that country, is gneiss, in disturbed strata, on
which beds of nearly horizontal red sandstone rest unconformably. The
latter are often very thin, forming mere flags, with their surfaces dis

tinctly ripple-marked. They end abruptly on the declivities of many
insulated mountains, which rise tip at once to the height of about 2000
feet above the gneiss of the surrounding plain or table-land, and to an

average elevation of about 3000 feet above the sea, which all their sum
mits generally attain. The base of gneiss varies in height, so that the
lower portions of the sandstone occupy different levels, and the thickness
of the mass is various, sometimes exceeding 3000 feet.. It is impossible
to compare these scattered and detached portions without imagining
that the whole country has once been covered with a great body ofsand
stone, and that masses from 1000 to more than 3000 feet in thickness have
been removed.




* Western Islands, vol. ii. p. 3, p1. 31, fig. 4.
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In the "Survey of Great Britain" (vol. i.), Professor Ramsay has shown

that the missing beds, removed from the summit of the Mendips, must have

been nearly a mile in thickness; and he has pointed out considerable areas

in South Wales and some of the adjacent counties of England, where

a series of primary (or pakeozoic) strata, not less than 11,000 feet in

thickness, have been stripped off. All these materials have of course

been transported to new regions, and have entered into the composition

of more modern formations. On the other hand, it is shown by obser

vations in the same "Survey," that the palicozoic strata are from 20,000

to 30,000 feet thick. It is clear that such rocks, formed of mud and

sand, now for the most part consolidated, are the monuments of denuding

operations, which took place on a grand scale at a very remote period in

the earth's history. For, whatever has been given to one area must al

ways have been borrowed from another; a truth which, obvious as it

may seem when thus stated, must be repeatedly impressed on the stu

dent's mind, because in many geological speculations it is taken for

granted that the external crust of the earth has been always growing
thicker, in consequence of the accumulation, period after period, of sedi

mentary matter, as if the new strata were not always produced at the

expense of pre-existing rocks, stratified or unstratified. By duly reflect

ing on the fact, that all deposits of mechanical origin imply the trans

portation from some other region, whether contiguous or remote, of an

equal amount of solid matter, we perceive that the stony exterior of the

planet must always have grown thinner in one place whenever, by acces
sions of new strata, it was acquiring density in another. No doubt the
vacant space left by the missing rocks, after extensive denudation, is less

imposing to the imagination than a vast thickness of conglomerate or
sandstone, or the bodily presence as it were of a mountain-chain, with
all its inclined and curved strata. But the denuded tracts speak a clear
and emphatic language to our reason, and, like repeated layers of fossil
nummulites, corals or shells, or like numerous seams of coal, each based
on its under clay full of the roots of trees, still remaining in their natural

position, demand an indefinite lapse of time for their elaboration.
No one will maintain that the fossils entombed in these rocks did not

belong to many successive generations of plants and animals. In like
manner, each sedimentary deposit attests a slow and gradual action, and
the strata not only servo as a measure of the amount of denudation

simultaneously effected elsewhere, but are also a correct indication of the
rate at which the denuding operation was carried on.

Perhaps the most convincing evidence of denudation on a magnificent
scale is derived from the levelled surfaces of districts where large faults
occur. I have shown, in fig. 87, p. 63, and in fig. 01, how angular and
protruding masses of rock might naturally have been looked for on the
surface immediately above great faults, although in fact they rarely
exist. This phenomenon may be well studied in those districts where
coal has been extensively worked, for there the former relation of the
beds which have shifted their position may be determined with great 8G.



OIL VI-] OF STRATIFIED ROCKS. 69

curaey. Thus in the coal field of Ashby do la Zouch, in Leicestershire

(see fig. 91), a fault occurs, on one side of which the coal beds a b c d

Fig. 91.

rise to the height of 500 feet above the corresponding beds on the other
side. But the uplifted strata do not stand up 500 feet above the general
surface; on the contrary, the outline of the country, as expressed by the
line z z, is uniformly undulating without any break, and the mass indicated

by the dotted outline must have been washed away.* There are proofs
of this kind in some level countries, where dense masses of strata have
been cleared away from areas several hundred square miles in extent.

In the Newcastle coal district it is ascertained that faults occur in
which the upward or downward movement could not have been less than
140 fathoms, which, had they affected the configuration of the surface to
an equal amount, would produce mountains with precipitous escarpments
nearly 1000 feet high, or chasms of the like depth; yet is the actual level
of the country, absolutely uniform, affording no trace whatever of subter
ranean movements.t
The ground from which these materials have been removed is usually

overspread with heaps of sand and gravel, formed out of the ruins of
the very rocks which have disappeared. Thus, in the districts above re
ferred to, they consist of rounded and angular fragments of hard sand
stone, limestone, and ironstone, with a small quantity of the more
destructible shale, and even rounded pieces of coal.

Allusion has been already made to the shattered state and discordant

position of the carboniferous strata in Coalbrook Dale (p. 62). The
collier cannot proceed three or four yards without meeting with small

slips, and from time to time he encounters faults of considerable magni
tude, which have thrown the rocks up or down several hundred feet.
Yet the superficial inequalities to which these dislocated masses origi
nally gave rise are no longer discernible, and the comparative flatness of
the existing surface can only be explained, as Mr. Prestwich has observed,

by supposing the fractured portions to have been removed by water. It
is also clear that strata of red sandstone, more than 1000 feet thick,
which once covered the coal, in the same region, have been carried away

See Mammat's Geological Facts. &C., p. 90, and plate.
f Conybcare's Report to Brit. Assoc. 1842, p. 381.

Faults and denuded coal strata, Asliby do In Zouch. (Ifammat)
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from large areas. That water has, in this case, been the denuding agent,

we may infer from the fact that the rocks hare yielded according to their

different degrees of hardness; the bard trap of the Wrekin, for example,
and other bills, having resisted more than the softer shale and sandstone,

so as now to stand out in bold relief.*

Origin of valleys.-M, any of the earlier geologists, and Dr. Hutton

among them, taught that "rivers have in general hollowed out their val

leys." This is no doubt true of rivulets and torrents which are the feeders

of the larger streams, and which, descending over rapid slopes, are most

subject to temporary increase and diminution in the volume of their

waters. It must also be admitted that the quantity of mud, sand, and

pebbles constituting many a modern delta is so considerable, as to prove
that a very large part of the inequalities now existing on the earth's
surface are due to fluviatile action; but the principal valleys in almost

every great bydrographical basin in the world, are of a shape and magni
tude which imply that they have been due to other causes besides the
more excavating power of rivers.
Some geologists have imagined that a deluge, or succession of deluges,

may have been the chief denuding agency, and they have speculated on a
series of enormous wares raised by the instantaneous upthrow of continents
or mountain chains out of the sea. But oven were we disposed to grant
such sudden upheavals of the floor of the ocean, and to assume that great
waves would be the consequence of each convulsion, it is not easy to ex

plain the observed phenomena by the aid of so gratuitous an hypothesis.
On the other hand, a machinery of a totally different kind seems capa

ble of giving rise to effects of the required magnitude. It ha now been
ascertained that the rising and sinking of extensive portions of the earth's
crust, whether insensibly or by a repetition of sudden shocks, is part of
the actual course of nature, and we may easily comprehend how the
land may have been exposed during these movements to abrasion by the
waves of the sea. In the same manner as a mountain mass may, in the
course of ages, be formed by sedimentary deposition, layer after layer, so
masses equally voluminous may in time waste away by inches; as, for

example, if beds of incoherent materials are raised slowly in an open sea
where a strong current prevails. It is well known that some of these
oceanic currents have a breadth of 200 miles, and that they sometimes
run for a thousand miles or more in one direction, retaining a considera-
ble velocity even at the depth of several hundred feet. Under these
cir-cumstances,the flowing waters may have power to clear away each
stratum of incoherent materials as it rises and approaches the surface,
where the waves exert the greatest force; and in this manner a volu-
minous deposit may be entirely swept away, so that, in the absence of
faults, no evidence may remain of the denuding operation. It may in-
deed be affirmed that the signs of waste will usually be 1eat obvious
where the destruction has been most complete; for the annihilation

*
Prestwjclj1 Geol. Trans. 8eCouuJ eric, vol. v. pp. 452, 473.
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may have proceeded so far, that no ruins are left of the dilapidated
rocks.

Although denudation has had a levelling influence on some countries
of shattered and disturbed strata (see fig. 87, p. 63, and 91, p. 09),
it has more commonly been the cause of superficial inequalities, espe
cially in regions of horizontal stratification. The general outline of these

regions is that of flat and level platforms, interrupted by valleys often of
considerable depth, and ramifying in various directions. These hollows

may once have formed bays and chantds between islands, and the

steepest slope on the sides of each valley may have been a sea-cliff, which
was undermined for ages, as the land emerged gradually from the deep.
We may suppose the position and course of each valley to have been

originally determined by differences in the hardness of the rocks, and by
rents and joints which usuallyoccur even in horizontal strata. In mountain
chains, such as the Jura before described (see fig. '11, p. 55), we perceive
at once that the principal valleys have not been due to aqueous excava
tion, but to those mechanical movements which have bent the rocks into
their present form. Yet even in the Jura there are many valleys, such
as C (fig. '11), which have been hollowed out by water; and it may be
stated that in every part of the, globe the unevenness of the surface of
the land has been due to the combined influence of subterranean move
ments and denudation.

I may now recapitulate a few of the conclusions to which we have ar
rived: first, all the mechanical strata have been accumulated gradually,
and the concomitant denudation has been no less gradual: secondly, the

dry land consists in great part of strata formed originally at the bottom
of the sea, and has been made to emerge and attain its present height
by a force acting from beneath: thirdly, no combination of causes has

yet been conceived so capable of producing extensive and gradual denu
dation, as the action of the waves and currents of the ocean upon land

slowly rising out of the deep.
Now, if we adopt these conclusions, we shall naturally be led to look

everywhere for marks of the former residence of the sea upon the land,

especially near the coasts from which the last retreat of the waters took

place, and it will be found that such signs are not wanting.
I shall have occasion to speak of ancient sea-cliffs, now far inland, in

the southeast of England, when treating in Chapter XIX. of the denu
dation of the chalk in Surrey, Kent, and Sussex. Lines of upraised
sea-beaches of more modern date are traced, at various levels from 20 to
00 feet and upwards above the present sea-level, for great distances on

the cast and west coasts of Scotland, as well as in Devonshire, and othei
counties in England. These ancient beach-lines often form terraces of
sand and gravel, including littoral shells, sonic broken, others entire, and

corresponding with species now living on the adjoining coast. But it
would be unreasonable to expect to meet everywhere with the signs of
ancient shores, since no geologist can have fiiled to observe how soon all
recent marks of the kind above alluded to are obscured or entirely ef-
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faced, wherever, in consequence of the altered state of the tides and cur

rents, the sea has receded for a few centuries. We see the cliffs crumble

down in a few years if composed of sand or clay, and soon reduced to a

gentle slope. If there were shells on the beach they decompose, and

their materials are washed away, after which the sand and shingle may
resemble any other alluviums scattered over the interior.

The features of an ancient shore may sometimes be concealed by the

growth of trees and shrubs, or by a covering of blown sand, a good ex

ample of which occurs a few miles west from Day, near Bourdeaux, in

the south of France. About twelve miles inland, a steep bank may be

traced running in a direction nearly northeast and southwest, or parallel
to the contiguous coast. This sudden fall of about 50 feet conducts us

from the higher platform of the Landes to a lower plain which extends

PIg. 92. (1

Sct
-

Section of Inland cliff at Abtse, near IJaX.
a Sand of tho Landes. b. Ltrnestow. c. Clay.

to the sea. The outline of the ground suggested to me, as it would do
to every geologist, the opinion that the bank in question was once a sea

cliff, when the whole country stood at a lower level. But this is no

longer matter of conjecture, for, in ma1ng excavations in 1830 for the
foundation of a building at Abesse, a quantity of loose sand, which
formed the slope d e, was removed; and a perpendicular cliff, about 50
feet in height, which had hitherto been protected from the agency of the
elements, was exposed. At the bottom appeared the limestone b, con

taining tertiary shells and corals, immediately below it the clay c, and
above it the usual tertiary sand a, of the department of the Landes. At
the base of the precipice were seen large partially rounded masses of
rock, evidently detached from the stratum 1,. The face of the limestone
was hollowed out and weathered into such forms as are seen in the cal
careous cliffs of the adjoining coast, especially at Biarit.z, near Bayonne.
It is evident that, when this country stood at a soniowhiat lower level, the
sea advanced along the surface of the argillaceous stratum c, which, from
its yielding nature, favored the waste by allowing the more solid super
incumbent stone b to be readily undermined. Afterwards, when the
country had been elevated, part of the sand, a, fell down, or was drifted
by the winds, so as to form the talus, d e, which masked the inland cliff
until it was artificially laid open to view.
When we are considering the various causes which, in the course of

ages, may efface the characters of an :Lncieut sea-coast, earthquakes must
not be forgotten. During violent shocks, steep and overhanging cliffs
are often thrown down and become a heap of ruins. Sometimes unc
qua! movements of upheaval or depression entirely destroy that horizon-
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tality of the base-line which constitutes the chief peculiarity of an

ancient sea-cliff.
It is, however, in countries where hard limestone rocks abound, that

inland cliffs retain faithfully the haracters which they acquired when

they constituted the boundary of land and sea. Thus, in the Morea, no

less than three, or even four, ranges of what were once sea-cliffs are well

preserved. These have been described, by MM. Boblayc and Virlet., as

rising one above the other at different distances from the actual shore,

the summit of the highest and oldest occasionally exceeding 1000 feet

in elevation. At the base of each there is usually a terrace, which is in

some places a few yards, in others above 800 yards wide, so that we are

conducted from the high land of the interior to the sea by a succession

of great steps. These inland cliffs are most perfect, and most exactly re
semble those now washed by the waves of the Mediterranean, where

they are formed of calcareous rock, especially if the rock be a hard
crys-tallinemarble. The following are the points of correspondence observed
between the ancient coast lines and the borders of the present sea:-I. A

range of vertical precipices, with a terrace at their base. 2. A weathered
state of the surface of the naked rock, such as the spray of the sea pro
duces. 3. A line of littoral caverns at the foot of the cliffs. 4. A con
solidated beach or breccia with occasional marine shells, found at the
base of the cliffs, or in the caves. 5. Lithodomous perforations.
In regard to the first of these, it would be superfluous to dwell on the

evidence afforded of the undermining power of waves and currents by
perpendicular precipices. The littoral caves, also, will be familiar to

those who have had opportunities of observing the manner in which the

waves of the sea, when they beat against rocks, have power to scoop out
caverns. As to the breccia, it is composed of pieces of limestone and
rolled fragments of thick solid shell, such as Strombus and Sponclylus,
all bound together by a crystalline calcareous cement. Similar
aggrega-tionsare now forming on the modern beaches of Greece, and in caverns
on the sea-side; and they are only distinguishable in character from
those of more ancient date, by including many pieces of pottery. In

regard to the liiliodonzi above alluded to, these bivalve mollusks are well
known to have the power of excavating holes in the hardest liuiestoiies,
the size of the cavity keeping pace with the growth of the shell. When

living they require to be always covered by salt water, but similar pear
shaped hollows, containing the dead shells of these creatures, are found
at different heights on the face of the inland chfls above mentioned.
Thus, for example, they have been observed near Motion and Navarino
on cliffs in the interior 125 feet. high above time Mediterranean. As to
the weathered surface of the calcareous rocks, all himestones are known
to suffer chemical decomposition when moistened by the spray of the
salt water, and are corroded still more deeply at points lower (]own where

they are just reached by the breakers. By this action time stone acquires
a wrinkled and furrowed outline, and very near the sea it becomes rough
and branching, as if covered with corals. Such ell'cets are traced not
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only on the present shore, but at the base of the ancient cliffs far in the

interior. Lastly, it remains only to speak of the terraces, which extend

with a gentle slope from the base of almost all the inland cliffs, and are

for the most part narrow where the rock is hard, but sometimes half a

mile or more in breadth where it is soft. They are the effects of the

encroachment of the ancient sea upon the shore at those levels at which

the land remained for a long time stationary. The justness of this view

is apparent on examining the shape of the modern shore wherever the

sea is advancing upon the land, and removing annually small portions

of undermined rock. By this agency a submarine platform is produced
on which we may walk for some distance from the beach in shallow

water, the increase of depth being very gradual, until we reach a point
where the bottom plunges down suddenly. This platform is 'widened

with more or less rapidity according to the hardness of the rocks, and

when upraised it constitutes an inland terrace.

But the four principal hues of cliff observed in the Morea do not

imply, as some have imagined, four great eras of sudden upheaval; they
simply indicate the intermittance of the upheaving force. Had the rise
of the land been continuous and uninterrupted, there would have been
no one prominent line of cliff; for every portion of the surface having
been, in its turn, and for an equal period of time, a sea-shore, would
have presented a nearly similar aspect. But if pauses occur in. the pro.
ms of upheaval, the waves and curents have time to sap, throw down,
and clear away considerable masses of rock, and to shape out at several
successive levels lofty ranges of cliffs with broad terraces at their base.
There are some levelled spaces, however, both ancient and modern, in

the Morea, which are not due to denudation, although resembling in
outline the terraces above described. They may be called Terraces of

Deposition, since they have resulted, from the gain of land upon the sea
where rivers and torrents have produced deltas. If the sedimentary
matter has filled up a bay or gulf surrounded by steep mountains, a fiat

plain is formed skirting the inland precipices; and if these deposits are
upraised, they form a feature in the landscape very similar to the areas
of denudation before described.

In the island of Sicily I have examined many inland cliffs like those
of the Morea; as, for example, near Palermo, where a precipice is seen
consisting of limestone, at the base of which are numerous caves. One
of these, called San Ciro, about 2 miles distant from Palermo, is about
20 feet high, 10 wide, and 180 above the sea. Within it is found an
ancient beach (b, fig. 93), formed of pebbles of various rocks, many of
which must have come from places far remote. Broken pieces of coral
and shell, especially of oysters and pectens, are seen intermingled with
the pebbles. Immediately above the level of this beach, serpuiw are
still found adhering to the face of the rock, and the limestone is perfo
rated by lil/Lodoifli. Within time grotto, also, at the same level, similar
perforations occur; and so numerous are the holes, that the rock is com
pared by Ilofiinann to a target pierced by musket balls. But in ordem
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to expose to view these marks of boring-shells in the interior of the cave,

it was necessary first to remove a mass of breccia, which consisted of

Fig. 98.

i, -=

a. Monto Orifono. b. Cave of San Ciro.*
o. Plain of Palermo, In which are Newer Pliocene strata of

limestone and sand d. Bay of Palermo.

numerous fragments of rock, and an immense quantity of bones of the
mammoth, hippopotamus, and other quadrupeds, imbedded in a dark
brown calcareous marl. Many of the bones were rolled, as if partially
subjected to the action of the waves. Below this breccia, which is about
20 feet thick, was found a bed of sand filled with sea-shells of recent

species; and underneath the sand, again, is the secondary limestone of
Monte Grifone. The state of the surface of the limestone in the cave
above the level of the marine sand is very different from that below it.
Above, the rock is jagged and, uneven, as is usual in the roofs and sides
of limestone caverns; below, the surface is smooth and polished, as if

by the attrition of the waves.
The platform indicated at c, fig. 93, is formed by a tertiary deposit

containing marine shells almost all of living species, and it affords an
illustration of the terrace of deposition, or the last of the two kinds be
fore mentioned (p. 74).

There are also numerous instances in Sicily of terraces of denudation.
One of these occurs on the east coast to the north of Syracuse, and the
same is resumed to the south beyond the town of Noto, where it may
be traced forming a continuous and lofty precipice, a b, fig. 94, facing
towards the sea, and constituting the abrupt termination of a calcareous
formation, which 'extends in horizontal strata far inland. This precipice
varies in height from 500 to 700 feet, and between its base and the sea
is an inferior platform, c b, consisting of similar white limestone. All
the beds dip towards the sea, but are usually inclined at a very slight
angle: they are seen to extend uninterruptedly from the base of the

escarpment into the platform, showing distinctly that the lofty cliff was
not produced by a fault or vertical shift of the beds, but by the removal
of a considerable mass of rock. Hence we may conclude that the sea,
which is now undermining the cliffs of the Sicilian coast., reached at
some former period the base of the precipice a ii, at which time the sur-

* Section given by Dr. Christie, Edin. New Phil. Journ. No. xxiu. called by
mistake the Cave of Mardolco, by the late M. Ilolinianii. Sec account by Mr. S.
P. Pratt, F. G. S. Proceedings of Geol. Soc. No. 32, 1833.
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face of the terrace c 7 inust have been covered by the Mediterranean.

There was a pause, therefore, in the upward movement, when the waves

Fit. 94.




a

of the sea had time to carve out the platform c 1'; but there may have

been many other stationary periods of minor duration. Suppose, for

example, that a series of escarpments e, f, 9, ii, once existed, and that

the sea, during a long interval free from subterranean movements,

advances along the line c b, all preceding cliffs must have been

swept away one after the other, and reduced to the single precipice
a I.

That such a series of smaller cliffs, as those represented at e, h,

fig. 94, did really once exist at intermediate heights in place of the single
precipice a b, is rendered highly probable by the fact, that in certain

bays and inland valleys opening towards the east coast of Sicily, and not
far from the section given in fig. 94, the solid limestone is shaped out
into a great succession of ledges, separated from each other by small
vertical cliffs. These are sometimes so numerous, one above the other,

Fig. 95.
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Valley called Gozzo clegli Martin, below Mdliii, Vol dl Not.

that where there is a bend at the head of a valley, they produce an ef
fect singularly resembling the seats of a Roinati amphitheatre. A good
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example of this configuration occurs near the town of Mcliii, as

seen in the annexed view (fig. 95). In the south of the island, near

Spaccaforno, Seicli, and Modica, precipitous rocks of white limestone,

ascending to the height of 500 feet, have been carved out into similar

forms.
This appearance of a range of marble seats circling round the head of

a valley, or of great flights of steps descending from the top to the bot

tom, on the opposite sides of a gorge, may be accounted for, as already
hinted, by supposing the sea to have stood successively at many different

levels, as at a a, b b, c c, in the accompanying fig. 96. But the causes

of the gradual contraction of the valley from abDve downwards may

Fig. 06.
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still be matter of speculation. Such contraction may be due to the

greater force exerted by the waves when the land at its first emergence
was smaller in quantity, and more exposed to denudation in an open
sea; whereas the wear and tear of the rocks might diminish in proper
tion as this action became confined within bays or channels closed in on
two or three sides. Or, secondly, the separate movements of elevation

may have followed each other more rapidly as the land continued to rise,
so that the times of those pauses, during which the greatest denudation
was accomplished at certain levels, were always growing shorter. It
should be remarked, that the cliffs and small terraces are rarely found on
the opposite sides of the Sicilian valleys at heights so precisely answering
to each other as those given in fig. 96, and this might have been ex

pected, to whichever of the two hypotheses above explained we incline;
for, according to the direction of the prevailing winds and currents, the
waves may beat with unequal force on different parts of the shore, so
that while no impression is made on one side of a bay, the sea may
encroach so far on the other as to unite several smaller clifl into
one.

Before quitting the subject of ancient sea-cliffs, carved out of lime
stone, I shall mention the range of precipitous rocks, composed of a
white marble of the Oolitic period, which I have seen near the northern

gate of St. Miliiel in France. They are situated on the right bank of
the Meuse, at a distance of 200 miles from the nearest sea, and they
present on the precipice facing the river three or four horizontal grooves,
one above the other, precisely resembling those which are scooped out
by the undermining waves. The summits of several of these masses are
detached from the adjoining hill, in which vase the grooves pLSS all
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round them, facing towards all points of the compass, as if they had

once formed rocky islets near the shore.*

Captain Bayfield, in his survey of the Gulf of St. Lawrence, discov

ered in several places, especially in the Mingan islands, a counterpart of

the inland cliffs of St. Mihiel, and traced a succession of shingle beaches,

one above the other, which agreed in their level with some of the prin

cipal grooves scooped out of the limestone pillars. These beaches con-

sisted of calcareous shingle, with shells of recent species, the farthest

from the shore being 60 feet above the level of the highest tides. In

addition to the drawings of the pillars called the flower-pots, which he

has publlshed,f I have been favored with other views of rocks on the

same coast drawn by Lieut. A. Bowen, it. N. (See fig. 97.)

Fig. OT.
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In the North-American beaches above mentioned rounded fragments
of limestone have been found perforated by lil/Lodomi; and holes drilled
by the same mollusks have been detected in the columnar rocks or
"flower-pots," showing that there has been no great amount of atmos
pheric decomposition on the surface, or the cavities alluded to would
have disappeared.




Fig. 09.

£ULfl .LSOC9, Bermuda, lying outsklo (ho great coral roof.A. 16 feet high, and B. it feet. . c. follows worn by the sea.
* I was directed by M. Dcslny5 to this spot., which I visited in June, 1833.See Trans. of OcoL Soc. second series, voL V. plate v.

Limestone columns in Niapisca Island, In the Gulfof St. Lawrence. Heightof the second column on the heft, 60 feet.
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We have an opportunity of seeing in the Bermuda islands the manner

in whinh the waves of the Atlantic have worn, and are now wearing out,

deep smooth hollows on every side of projecting masses of hard limestone.

In the annexed drawing, communicated to me by Capt. Nelson, R. E., the

excavations c, c, c, have been scooped out by the waves in a stone of very
modern date, which, although extremely hard, is full of recent corals and

shells, some of which retain their color.
When the forms of these horizontal grooves, of which the surface is

sometimes smooth and almost polished, and the roofs of which often

overhang to the extent of 5 feet or more, have been carefully studied by
geologists, they will serve to testify the former action of the waves at
innumerable points far in the interior of the continents. But we must
learn to distinguish the indentations due to the original action of the sea,
and those caused by subsequent chemical decomposition of calcareous
rocks, to which they are liable in the atmosphere.

I shall conclude with a warning to beginners not to feel surprise if they
can detect no evidence of the former sojourn of the sea on lands which
we are nevertheless sure have been submerged at periods comparativby
modern; for notwithstanding the enduring nature of the marks left by
littoral action on calcareous rocks, we can by no means detect sea-beaches
and inland cliffs everywhere, even in Sicily and the Morea. On the con

trary, they are, upon the whole, extremely partial, and are often entirely
wanting in districts composed of argillaceous and sandy formations, which
must, nevertheless, have been upheaved at the same time, and by the same
intermittent movements, as the adjoining calcareous rocks.

CHAPTER VII.

ALLUVIUM.

Alluvium described-Due to complicated causes-Of various ages, as shown in
Auvergne-How distinguished from rocks in. situ-River-terraces--Parallel
roads of Glen Roy-Various theories respecting their origin.
BETWEEN the superficial covering of vegetable mould and the subjacent

rock there usually intervenes in evei"y, district a deposit of loose gravel,
sand, and mud, to which the name of alluvium has been applied. The
term is derived from alluvio, an inundation, or aliuo, to wash, because the

pebbles and sand comnnonly resemble those of a river's bed or the mud
and gravel washed over low lands by a flood.
A partial covering of such alluvium is found alike in all climates, from

the equatorial to the polar regions; but in the higher latitudes of Europe
and North America it assumes a distinct character, being very frequently
devoid of stratification, and containing huge fragments of rock, some an
gular and others rounded, which have been transported to great distances
from their parent mountains. When it presents usd1 n t)ii form, it has
been called 11 (lLlUVjwfl," " (trill," or the " boulder l'irmnation ;" and its prob
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able connection with the agency of floating ice and glaciers will be treated

of more particularly in the eleventh and twelfth chapters.
The student will be prepared, by what I have said in the last chaptei

on denudation, to hear that loose gravel and sand are often met with,

not only on the low grounds bordering rivers, but also at various points
on the sides or even summits of mountains. For, in the course of those

changes in physical geography which may take place during the gradual

emergence of the bottom of the sea and its conversion into dry land,

any spot may either have been a sunken reef; or a bay, or estuary, or

sea-shore, or the bed of a liver. The drainage, moreover, may have been

deranged again and again by earthquakes, during which temporary lakes

are caused by landslips, and partial deluges occasioned by the bursting
of the barriers of such lakes. For this reason it would be unreason

able to hope that we should ever be able to account for all the alluvial

phenomena of each particular country, seeing that the causes of their

origin are so various. Besides, the last operations of water have a

tendency to disturb and confound together all pre-existing alluviums.
Hence we are always in danger of regarding as the work of a single
era, and the effect of one cause, what has in reality been the result of a

variety of distinct agents, during a long succession of geological epochs.
Much useful instruction may therefore be gained from the exploration of
a country like Auvergne, where the superficial gravel of very different
eras happens to have been preserved by sheets of lava, which were

poured out one after the other at periods when the denudation, and

probably the upheaval, of rocks were in progress. That region had al

ready acquired in some degree its present configuration before any volca
noes were in activity, and before any igneous matter was superimposed
upon the granitic and fossiliferous formations. The pebbles therefore in
the older gravels are exclusively constituted of granite and other aborigi
nal rocks; and afterwards, when volcanic vents burst forth into eruption,

Y,I_

those earlier alluviums were covered by streams of lava, which protected
them from intermixture with gravel of subsequent date. In the course
of ages, a new system of valleys was excavated, so that the rivers ran
at lower levels than those at which the first alluviums and sheets of lava
were formed. When, therefore, fresh eruptions gave rise to new lava,
the melted matter was poured out over lower grounds; and the gravel

tavas of Auvergne resting on alluviums ofdifferent nges.
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of these plains differed from the first or upland alluvium, by containing

in it rounded fragments of various volcanic rocks, and often bones be

longing to distinct groups of land animals which flourished in the country

in succession.
The annexed drawing will explain the different heights at which beds of

lava and gravel, each distinct from the other in composition and age, are

observed, some on the flat tops of hills, 00 or 800 feet high, others on

the slope of the same hills, and the newest of all in the channel of the

existing river where there is usually gravel alone, but in some cases a nar

row stripe of solid lava sharing the bottom of the valley with the river.

In all these accumulations of transported matter of different ages, the bones

of extinct mammalia have been found belonging to assemblages of land

quadrupeds which flourished in the country in succession, and which

vary specifically, the one set from the other, in a greater or less degree,
in proportion as the time which separated their entombment has been

more or less protracted. The streams in the same district are still under

mining their banks and grinding down into pebbles or sand, columns

of basalt and fragments of granite and gneiss; but portions of the

older alluviums, with the fossil remains belonging to them, are prevented
from being mingled with the gravel of recent date by the cappings of

lava before mentioned. But for the accidental interference, therefore, of

this peculla cause, all the alluviums might have passed so insensibly the

one into the other, that those formed at the remotest era might have

appeared of the same date as the newest, and the whole formation might
have been regarded by some geologists as the result of one sudden and

violent catastrophe.
In almost every country, the alluvium consists in its upper part of

transported materials, but it often passes downwards into a mass of

broken and angular fragments derived from the subjacent rock. To this

mass the provincial name of "rubble," or "brash," is given in many
parts of England. It may be referred to the weathering or disintegra
tion of stone on the spot, the effects of air and water, sunand frost, and

chemical decomposition.
The inferior surface of alluvial deposits is often very irregular, con

forming to all the inequalities of the fundamental rocks (fig. 100). Oc

casionally, a small mass, as at c, appears
FIg. 100. detached, and as if included in the subja

cent formation. Such isolated portions are
..o "" .
Y. 0 1.1 61~ usually sections of winding subterranean

.00
hollows filled UI) with alluvium. They

ntty have been the courses of springs or

subterranean streami ets, which have flowed

through and enlarged natural rents; or,
when on a small ciilc and in soft strata,

c; Figure invc;tcd n original I they maybe spaces whikli the roots of largea. Vegetable snIl. 7'. Mluvinin. trei.s have once occupied, gravel and Sflfl(lc. Maj of aui1 upparoiilly de1a.beI.




luwing been introduced after their decay.
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But there are other deep hollows of a cylindrical form found in Eng

land, France, and elsewhere, penetrating the white chalk, and filled with

sand and gravel, which are not so readily explained. They are some

times called "sand-pipes," or "sand-galls," and "puits naturels," in

France. Those represented in the annexed cut were observed by me in

Fig. 101.
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Sand-pipes in tho chalk at Eaton, near Norwich.

1830, laid open in a large chalk-pit near Norwich. They were of very
symmetrical form, the largest more than 12 feet in diameter, and some
of them had been traced, by boring, to the depth of more than 60 feet.
The smaller ones varied from a few inches to a foot in diameter, and
seldom descended more than 12 feet below the surface. Even where
three ci them occurred, as at a, fig. 101, very close together, the parting
walls of soft white chalk were not broken through. They all taper
downwards and end in a point. As a general rule, sand and pebbles
occupy the central parts of each pipe, while the sides and bottom are
lined with clay.

Mr. Trimmer, in speaking of appearances of the same kind in the
Kentish chalk, attributes the origin of such "sand-galls" to the action
of the sea on a beach or shoal, where the waves, charged with shingle
and sand, not only wear out longitudinal furrows, such as may be ob
served on the surface of the abvc-mentioned chalk near Norwich when
the incumbent gravel is removed, but also drill deep circular hollows by
the rotatory motion imparted to sand and pebbles. Such furrows, as well
as vertical cavities, are now formed, he observes, on the coast where the
shores are composed of chalk.*

That the commencement of many of the tubular cavities now under
consideration has been due to the cause here assigned, I have little doubt
But such mechanical action could not have hollowed out the whole of
the sand-pipes c and d, fig. 101, because several large chalk-flints seen
protruding from the walls of the pipes have not been eroded, while sand
and gravel have penetrated many feet below them. In other cases, as

* Tdinincr, Proceedings of Geol. Soc. vol. iv. p. '7, 1S42.
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at 1, b, similar unrounded nodules of flint, still preserving their irregular

form and white coating, are found at various depths in the midst of the

loose materials filling the pipe. These have evidently been detached

from regular layers of flints occurring above. It is also to be remarked

that the course of the same sand-pipe, b b, is traceable above the level

of the chalk for some distance upwards, through the incumbent gravel.

and sand, by the obliteration of all signs of stratification. Occasionally,

also, as in the pipe d, the overlying beds of gravel bend downwards into

the mouth of the pipe, so as to become in part vertical, as would happen

if horizontal layers had sunk gradually in consequence of a failure of

support. All these phenomena may be accounted for by attributing the

enlargement and deepening of the sand-pipes to the chemical action of

water charged with carbonic acid, derived from the vegetable soil and

the decaying roots of trees. Such acid might corrode the chalk, d

deepen indefinitely any previously existing hollow, but could not dissolve

the flints. The water, after it had become saturated with carbonate of

lime, might freely percolate the surrounding porous walls of chalk, and

escape through them and from the bottom of the tube, so as to carry

away in the course of time large masses of dissolved calcareous rock,*

and leave behind it on the edges of each tubular hollow a coating of fine

clay, which the white chalk contains.

I have seen tubes precisely similar and from 1 to 5 feet in diameter

traversing vertically the upper half of the soft calcareous building-stone,
or chalk without flints, constituting St. Peter's Mount, Maestricht. These

hollows are filled with pebbles and clay, derived from overlying beds of

gravel, and all terminate downwards like those of Norfolk. I was in

formed that, 6 miles from Maestricht, one of these pipes, 2 feet in diam
eter, was traced downwards to a bed of flattened flints, forming an almost
continuous layer in the chalk. Here it terminated abruptly, but a few
small root-like prolongations of it were detected immediately below,

probably where the dissolving substance had penetrated at some points
through openings in the siliceous mass.

It is not so easy as may at first appear to draw a clear line of distinc

tion between the fixed rocks, or regular strata (rocks in situ or i place),
and alluvium. If the bed of a torrent or river be dried up, we call the

gravel, sand, and mud left in their channels, or whatever, during floods,

they may have scattered over the neighboring plains, alluvium. The

very same materials carried into a lake, where they become sorted by
water and arranged in more distinct layers, especially if they inclose the
remains of plants, shells, or other fossils, are termed regular strata.
In like manner we may sometimes compare the gravel, sand, and

broken shells, strewed along the path of a rapid marine current, with a

deposit formed contemporaneously by the discharge of similar materials,

year after year, into a deeper and more tranquil part of the sea. In
such cases, when we detect marine shells r other organic remains en-

' See Lycll on Sand-pipes, &c. Phil. Mag. third series, vol. xv. p. 257, Oct. 1839.
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tombed in the strata, which enable us to determine their age and

mode of origin, we regard them as part of the regular series of lbs,

siliferous formations, whereas, if there are no fossils, we have frequently

no power of separating them from the general mass of superficial al-

luvium.
The usual rarity of organic remains in beds of loose gravel is partly

owing to the friction which originally ground down rocks into pebbles or

sand, and organic bodies into small fragments, and it is partly owing to

the porous nature of alluvium when it has emerged, which allows the free

percolation through it of rain-water, and promotes the decomposition and

solution of fossil remains.
It has long been a matter of common observation that most rivers

are now cutting their channels through alluvial deposits of greater depth
and extent than could ever have been formed by the present streams.

From this fact a rash inference has sometimes been drawn, that rivers in

general have grown smaller, or become less liable to be flooded than for

merly. But suob phenomena would be a natural result of considerable

oscillations in the level of the land experienced since the existing valleys

originated.
Suppose part of a continent, comprising within it a large hydrographical

basin like that of the Mississippi, to subside several inches or. feet in a

century, as the west coast of Greenland, extending 600 miles north and
south, has been sinking for three or four centuries, between the latitudes
60° and 69° N.* It will rarely happen. that the rate of subsidence will
be everywhere equal, and in many cases the amount of depression in the
interior will regularly exceed that of the region nearer the sea. Whenever
this happens, the fhll of the waters flowing from the upland country will
be diminished, and each tributary stream will have less power to carry its
sand and sediment into the main river, and the main river less power to

convey its annual burden of transported matter to the sea. All the rivers,
therefore, will proceed to fill up partially their ancient channels, and,

during frequent inundations, will raise their alluvial plains by new deposits.
If then the same area of land be again upheaved to its former height, the
fall, and consequently the velocity, of every river would begin to aug
ment. Each of them would be less given to overflow its alluvial plain;
and their power of carrying earthy matter seaward, and of scorning out
and deepening their channels, will be sustained till, after a lapse of many
thousand years, each of thorn has eroded a new channel or valley through
a fluviatilo formation of comparatively modern date. The surface of what
was once the river-plain at the period of greatest depression, will then
remain fringing the valley sides in the form of a terrace apparently flat,
but in reality sloping down with the general inclination of the river.
Everywhere this terrace will present clifl of gravel and sand, facingthe river. That such a series of movements has actually taken place in
the main valley of the Mississippi and in its tributary 'alleys during

Principles of Geology, 'Rh ed. p. 500, 8th ed. p. 5O.
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oscillations of level, I have endeavored to show in my description of that

country;* and the freshwater shells of existing species and bones of

land quadrupeds, partly of extinct races preserved in tie terraces of flu

vatile origin, attest the exclusion of the sea during the whole process of

filling up and partial re-excavation.

In. many cases, the alluvium in which rivers are now cutting their

channels, originated when the land first rose out of the sea. If, for ex

ample, the emergence was caused by a gradual and uniform motion,

every bay and estuary, or the straits between islands, would dry up

slowly, and during their conversion into valleys, every part of the up
heaved area would in its turn be a sea-shore, and night be strewed over

with littoral sand and pebbles, or each spot might be the point where a

delta accumulated during the retreat and exclusion of the sea. Mate

rials so accumulated would conform to the general slope of a valley from

its head to the sea-coast.

River terraces.-We often observe at a short. distance from the present
bed of a river a steep cliff a few feet or yards high, and on a level with

the top of it a flat terrace corresponding in appearance to the alluvial

plain which immediately borders the river. This terrace is again bounded

by another cliff, above which a second terrace sometimes occurs: and in

this manner two or three ranges of cliffs and terraces are occasionally
seen on one or both sides of the stream, the number varying, but those

on the opposite sides often corresponding in height.

Fig. 102.

These terraces are seldom continuous for great distances, and their
surface slopes downwards, with an inclination similar to that of the river.

They are readily explained if we adopt. the hypothesis before suggested,
of a gradual rise of the land ; especially if, while rivers are shaping out
their beds, the upheaving movement be intermittent, so that long pauses
shall occur, during which the stream will have time to encroach upon
one of its banks, so as to clear away and flatten a large space. This

* Second Visit to the U. S., vol. ii. chap. 34.

River Terraces and Parallel Roads.
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operation being afterwards repeated at lower levels, there will be several

successive cliffs and terraces.

Parallel roads,-.The parallel shelves, or roads, as they have been

called, of Lochaber or Glen Roy and other contiguous valleys in Scot

land, are distinct both in character and origin from the terraces above

described; for they have no slope towards the sea like the channel of a

river, nor are they the effect of denudation. Glen Roy is situated in

the western flighlands, about ten miles north of Fort William, near the

western end of the great glen of Scotland, or Cale&niau Canal, and near
the foot of the highest of the Grampians, Ben Nevis. Throughout its
whole length, a distance of more than ten miles, twe, and in its lower

part three, parallel roads or shelves are traced along the steep sides of
the mountains, as represented in the annexed figure (fig. 102), each

maintaining a perfect horizontality, and continuing at exactly the same
level on the opposite sides of the glen. Seen at a distance, they appear
like ledges or roads, cut artificially out. of the sides of the hills; but
when we are upon them we can scarcely recognize their existence, so
uneven is their surface, and so co.vered with boulders. They are from
10 to 60 feet broad, and merely difier from the side of the mountain by
being somewhat less steep.
On closer inspection, we find that these terraces are stratified in the

ordinary manner of alluvial or littoral deposits, as may be seen at those

points where ravines have been excavated by torrents. The parallel
shelves, therefore, have not been caused by denudation, but by the depo
sition of detritus, precisely similar to that which is dispersed in smaller
quantities over the declivities of the hills above. These hills consist of
clay-slate, mica-schist, and granite, which rocks have been worn away
and laid bare at a few points only, in a line just above the parallel roads.
The highest of these roads is about 1250 feet above the level of the sea,
the next about 200 feet lower than the uppermost, and the third still
lower by about 50 feet. It is only this last, or the lowest of the three,
which is continued throughout Glen Spean, a large valley with which
Glen Roy unites. As the shelves are always at the same height above
the sea, they become continually more elevated above the river in pro-
portion as we descend each valley; and they at length terminate very
abruptly, without any obvious cause, or any change either in the shapeof the ground, or in the composition or hardness of the rocks. I should
exceed. the limits of this work, were I to attempt to give a full description of all the geographical circumstances attending these singular ter
races, or to discuss the ingenious theories which have been severally
proposed to account for them by Dr. MacCulloch, Sir T. D. Laudei and
Messrs. Darwin, Agassiz, Mime, and Chambers. There is one point,however, on which all are agreed, namely, that these shelves are ancient
beaches, or littoral formations accumulated round the edges of one or
more sheets of water which once stood at the level, first of the highestshelf, and successively at the height of the two others. It is well known,
that wherever a lake or marine fiord exists surrounded by steep mOUU
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thins subject to disintegration by frost or the action of torrents, some

loose matter is washed down annually, especially during the inciting of

Fig. ioa snow, and a check is given to the descent of

A. this detritus at the point where it reaches
' the waters of the lake. The waves then

spread out the materials along the shore, and

throw some of them upon the beach; their

dispersing power being aided by the ice,
D,V which often adheres to pebbles during the

A.' winter montl, and gives buoyancy to them.

The annexed diagram illustrates the manner
B in which Dr. MacCulloch and Mr. Darwin

AB.Supposed original surface of
suppose "the roads" to constitute mere in

CD. Roads orso1vcs in the outer dentations in a superficial alluvial coatingalluvial covering of the bill.




which rests upon the hill-side, and consists

chiefly of clay and sharp unrounded stones.

Among other proofs that the parallel roads have really been formed

along the margin of a sheet of water, it may be mentioned, that wher
ever an isolated hill rises in the middle of the glen above the level of

any particular shelf, a corresponding shelf is seen at the tame level

passing round the hill, as would have happened if it had once formed an
island in a lake or fiord. Another very remarkable peculiarity in these
terraces is this; each of them comes in some portion of its course to a
col, or passage between the heads of glens, the explanation of which will
be considered in the sequel.

Those writers who first advocated the doctrine that the roads were the
ancient beaches of freshwater lakes, were unable to offer any probable
hypothesis respecting the formation and subsequent removal of barriers
of sufficient height and solidity to dam up the water. To introduce

any violent convulsion for their removal was inconsistent with the unin

terrupted horizontality of the roads, and with the undisturbed aspect of
those parts of the glens where the shelves come suddenly to an end.
Mr. Agassiz and Dr. Buckland, desirous, like the defenders of the lake

theory, to account for the limitation of the shelves to certain glens, and
their absence in contiguous glens, where the rocks are of the same coin

position, and the slope and inclination of the ground very similar, started
the conjecture that these valleys were once blocked up by enormous gla
ciers descending from Ben Nevis, giving rise to what are called in Swit
zerland and in the Tyrol, glacier-lakes. After a time the icy barrier
was broken down, or incited, first, to the level of the second, and after
wards to that of the third road or shelf.
In corroboration of this view, they contended that the alluvium of

Glen Roy, as well as of other parts of Scotland, agrees in character with
the moraines of glaciers seen in the Alpine valleys of Switzerland. Al
lusion will be made in the eleventh chapter to the former existence of

glaciers in the Grampians: in the mean time it will readily be conceded
that this hypothesis is preferable to any previous lacustrine theory, by
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accounting more easily, for the temporary existence and entire disappear-
ance of lofty transverse barriers, although the height required for the irn-

aginary dams of ice may be startling.
Before the idea last alluded to had been entertained, Mr. Darwin examined

Glen Roy, and came to the opinion that the shelves were formed when the

glens were still arms of the sea, and consequently, that there never were

any seaward barriers. According to him, the land emerged during a slow

and uniform upward movement, like that now experienced throughout a

large part of Sweden and Finland; but there were certain pauses in the

upheaving process, at which times the waters of the sea remained station

ary for so many centuries as to allow of the accumulation of an extraor

dinary quantity of detrital matter, and the excavation, at many points im

mediately above, of deep notches and bare cliffs in the hard and solid rock.

The phenomena which are most difficult to reconcile with this theory are,
first, the abrupt cessation of the roads at certain points in the different

glens; secondly, their unequal number in different valleys connecting with
each other, there being three, for example, in Glen Roy and only one in
Glen Spean; thirdly, the precise horizontality of level maintained by the
arne shelf over a space many leagues in length requiring us to assume,
that during a rise of 1250 feet no one portion of the land was ised even
a few yards above another; fourthly, the coincidence of level already al
luded to of each shelf with a col, or the point forming the head of two

glens, from which the rain-waters flow in opposite directions. This last
mentioned feature in the physical geography of Lochaber seems to have
been explained in a satisfactory manner by Mr. Darwin. He calls these
cots "laudstraits," and regards them as having been anciently sounds or
channels between islands. He points out that there is a tendency in such
sounds to be silted up, and always the more so in proportion to their nar
rowness. In a chart of the Falkland Islands by Capt. Sullivan, II. N., it

appears that there are several examples there of straits where the sound
ings diminish regularly towards the narrowest part. One is so nearly dry
that it can be walked over at low water, and another, no longer covered
by the sea, is supposed to have recently dried up in consequence of a
small alteration in the relative level of sea and land. "Similar straits,"
observes Mr. Chambers, "hovering, in character, between sea and laud,
and which may be called fords, are met with in the Hebrides. Such, for
example, is the passage dividing the islands of Lewis and Harris, and that
between North Uist and Benbecula, both of which would undoubtedly
appear as cols, coinciding with a terrace or raised beach, all round this
islands, if the sea were to subside.'*
The first of the difficulties above alluded to, namely, the non-extension

of the shelves over certain parts of the glens, may be explained, as Mr.
Darwin suggests, by supposing in certain places a quick growth of greenturf on a good soil, which prevented the rain from washing away any loose
materials lying on the surface. But wherever the soil was barren, and where
green sward took long to form there may have been time for the removal of

11 Ancient Sea Margin," p. 114, by It. Chambers.
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the gravel. In one case an intermediate shelf appears for a short distance

(three quarters of a mile) on the face of the mountain called Tombhran,
between the two upper shelves, and is seen nowhere else. It occurs where
there was the longest space of open water, and where, perhaps, the waves

acquired a greater than ordinary power in heaping up detritus.

Next as to the precise horizontality of level maintained by the parallel
roads of Lochaber over an area many leagues in length and breadth, this
is a difficulty common in some degree to all the rival hypotheses, whether

of lakes or glaciers, or of the simple upheaval of the land above the sea.
For we cannot suppose the roads to be more ancient than the glacial
period, or the era of the boulder formation of Scotland, of which I shall

speak in the eleventh and twelfth chapters. Strata of that era of marine

origin containing northern shells of existing species have been found at
various heights in Scotland, some on the east and others on the west
coast, from 20 to 400 feet high; and in one region in Lanarkshire not
less than 524 feet above high-water mark. It seems, therefore, in the

highest degree improbable that Glen Roy should have escaped entirely
the upward movement experienced in so many surrounding regions,-a
movement implied by the position of these marine deposits, in which the
shells are almost all of known recent species. But if the motion has

really extended to Glen Roy and the contiguous glens, it must have up
lifted theii bodily, without in the slightest degree affecting their horizon

tality; and this being admitted, the principal objection to the theory of
marine beaches, founded on the uniformity of upheaval, is removed, or is
at least common to every theory hitherto proposed.
To assume that the ocean has gone down from the level of the upper

most shelf; or 1250 feet., simultaneously all over the globe, while the land
remained unmoved, is a view which will find favor with very few geolo
gists, for the reasons explained in the fifth chapter.

The student will perceive, from the above sketch of the controversy re

specting the formation of these curious shelves, that this problem, like many
others in geology, is as yet only solved in part; and that a larger number
of facts must be collected and reasoned upon before the question can be

6nalIy settled.




CHAPTER VIII.

CHRONOLOGICAL CLASSIFICATION OF ROCKS.

Aqueous, plutonie, volcanic, and metamorphic rocks, considered chronologically
Lehman's division into primitive and secondary-Werncrs addition of a tran
sition class-Ncptunian theory-Hutton oil igneous origin of granite-How the
name of primary was still retained for granite-The term "transition," why
faulty-The adherence to the old chronological nomenclature retarded the

progress of geology-New hypothesis intended to reconcile the igneous origin
of granite to the notion of its high antiquity-Explanation of the chronological
nomenclature adopted in this work, so far its regards primary, secondary, and
tertiary periods.
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IN the first chapter it was stated that the four great classes of iocks, the

aqueous, the volcanic, the plutonic, and the metamorphic, would each be

considered not only in reference to their mineral characters, and mode ofori

gin, but also to their relative age. In regard to the aqueous rocks, we have

already seen that they are stratified, that some are calcareous, others argil

laceous or siliceous, some made up of sand, others of pebbles; that some

contain freshwater, others marine fossils, and so forth; but the student has

still to learn which rocks, exhibiting some or all of these characters, have

originated at one period of the earth's history, and which at another.

To determine this point in reference to the fossiliferous formations is

more easy than in any other class, and it is therefore the most convenient.

and natural method to begin by establishing a chronology for these strata,

and then to refer as far as possible to the same divisions the several groups
of plutonic, volcanic, and metamorphic rocks. Such a system of classifica

tion is not only recommended by its greater clearness and facility of ap

plication, but is also best fitted to strike the imagination by bringing into

one view the contemporaneous revolutions of the inorganic and organic
creations of former times. For the sedimentary formations are most readily

distinguished by the different species of fossil animals and plants which

they inclose, and of which one assemblage after another has flourished and
then disappeared from the earth in succession.

But before entering specially on the subdivisions of the aqueous rocks

arranged according to the order of time, it will be desirable to say a few
words on the chronology of rocks in general, although in doing so we
shall be unavoidably led to allude to some classes of phenomena which
the beginner must not yet expect fully to comprehend.

It was for many years a received opinion, that the formation of entire
families of rocks, such as the plutonic and those crystalline schists spoken
of in the first chapter as metamorphic, began and ended before any mem
bers of the aqueous and volcanic orders were produced; and although
this idea has long been modified, and is nearly exploded, it will be neces
sary to give some account of the ancient doctrine, in order that beginners
may understand whence many prevailing opinions, and some part of the
nomenclature of geology, still partially in use, was derived.
About the middle of the last century, Lehman, a German miner, pro

posed to divide rocks into three classes, the first and oldest to be called
primitive, comprising the hypogene, or plutouic and metamorphic rocks;
the next to be termed secondary, comprehending the aqueous or fossilif
erous strata; and the remainder, or third class, corresponding to our
alluvium, ancient and modern, which he referred to "local floods, and
the deluge of Noah." In the primitive class, lie said; such as graniteand gneiss, there are no organic remains, nor any signs of materials de
rived from the ruins of pre-existing rocks. Their origin, therefore, mayhave been purely chemical, antecedent to the creation of living beings,and probably coeval with the birth of the world itself. The secondaryformations, on the contrary, which often contain sand, pebbles, and or
ganic remains, must have been mechanical deposits, produced after the
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planet had become the habitation of animals and plants. This bold

generalization, although anticipated in some measure by Steno, a century
before, in Italy, formed at the time an important step in the progress of

geology, and sketched out correctly some of the leading divisions into

which rocks may be separated. About half a century later, Werner, so

justly celebrated for his improved methods of discriminating the minera

logical characters of rocks, attempted to improve Lehman's classification,

and with this view intercalated a class, called by him "the transition

formations," between the primitive and secondary. Between these last

he had discovered, in northern Germany, a series of strata, which in their

mineral peculiarities were of an intermediate character, partaking in
some degree of the crystalline nature of micaceous schist and clay-slate,
and yet exhibiting here and there signs of a mechanical origin and or

ganic remains. For this group, therefore, forming a passage between
Lehman's primitive and secondary rocks, the name of tbcrga;ig or transi
tion was proposed. They consisted principally of clay-slate and an ar

gillaceous sandstone, called grauwacke, and partly of calcareous beds.
It happened in the district which Werner first investigated, that both the

primitive and transition strata were highly inclined, while the beds of
the newer fossiliferous rocks, the secondary of Lehman, were horizontal.
To these latter therefore, he gave the name of fbi; or "a level floor;"
and every deposit more modern than the chalk, which was classed as the

uppermost of the flütz serh, was designated "the overflowed land," an

expression which may be regarded as equivalent to alluvium, although
under this appellation were confounded all the strata afterwards called

tertiary, of which Werner had scarcely any knowledge. As the followers
of Werner soon discovered that the inclined position of the "transition
neds," and the horizontaliy, of the flötz, or newer fossiliferous strata, were
mere local accidents, they soon abandoned the term flotz; and the four
divtsions of the Wernerian school were then named primitive, transition,

secondary, and alluvial.
As to the trappean rocks, although their igneous origin had been al

ready demonstrated by Arduino, Fortis, Faujas, and others, and especially
by Desmarest, they were all regarded by Werner as aqueous, and as mere
subordinate members of the secondary series.*
The theory of Werner's was called the "Neptunian," and for many

years enjoyed much popularity. It assumed that the globe had been at
first invested by a universal chaotic ocean, holding the materials of all
rocks in solution. From the waters of this, ocean, granite, gneiss, and
other crystalline formations, were first precipitated; and afterwards, when
the waters were purged of these ingredients, and more nearly resembled
those of our actual seas, the transition strata were deposited. These wore
of a mixed character, not purely chemical, because the waves and currents
had already begun to wear down solid land, and to give rise to pebbles,
sand, and mud ; nor entirely without fossils, because a few of the first
marine animals had begun to exist. After this period, the secondary for-

Sec Principles of Geology, vol. i. chap. "
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mations were accumulated in waters resembling those of the present oceans

except at certain intervals, when, from causes wholly unexplained, a par

tial recurrence of the "chaotic fluid" took place, during which various

trap rocks, some highly crystalline, were formed. This arbitrary hypothe

sis rejected all intervention of igneous agency, volcanoes being regarded

as modern, partial, and superficial accidents, of trifling account among the

great causes which have modified the external structure of time globe.
Meanwhile Hutton, a contemporary of \Vcrnei began to teach, in

Scotland, that granite as well as trap was of igneous origin, and had at

various periods intruded itself in a fluid state into different parts of the

earth's crust. He recognized and faithfully described many of the phe
nomena of granitic veins, and the alterations produced by them on the

invaded strata, which will be treated of in the thirty-third chapter. He,

moreover, advanced the opinion, that the crystalline strata called primi
tive had not been precipitated from a primcval ocean, but were sediment

ary strata altered by heat. In his writings, therefore, and in those of his

illustrator, Playfaii we find the germ of that metanmorpliio theory which

has been already hinted at in the first chapter, and which will be more

fully expounded in the thirty-fourth and thirty-fifth chapters.
At length, after much controversy, the doctrine of the igneous origin of

trap and, granite made its way into general favor; but although it was, in

consequence, admitted that both granite and trap had been produced at

many successive periods, the term primitive or primary still continued to
be applied to the crystalline formations in general, whether stratified, like

gneiss, or unstratified, like granite. The pupil was told that granite was
a primary rock, but that some granites were newer than certain secondary
formations; and in conformity with the spirit of the ancient language, to
which the teacher was still determined to adhere, a desire was naturally
engendered of extenuating the importance of those more modern granites,
the true dates of whichnew observations were continually bringing to light.
A no less decided inclination was shown to persist in the use of the

term "transition," after it had been proved to be almost as faulty in its

original application as that of flötz. The name of tranition, as already
stated, was first given by Werner, to designate a mineral character, inter
mediate between the highly crystalline or metamorphic state and that of
an ordinary fossiliferous rock. But the term acquired also from the first
a chronological import, because it had been appropriated to sedimentary
formations, which, in the Hartz and other parts of Germany, were nrn'
ancient than the oldest of the secondary series, and were characterized by
peculiar fossil zoophytes and shells. When, therefore, geologists found
in other districts stratified rocks occupying the same position, and inclosing
similar fossils, they gave to them also the name of transition accordingto rules which will be explained in the next chapter; yet, in many cases,
such rocks were found not to exhibit the same mineral texture which
Weruer had called transition. On the contrary, many of them were not
more crystalline than different members of the secondary class; while,
on the other hand1 these last were sometimes found to assume a seini
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crystalline and almost metamorphic aspect, and thus, on lithological
grounds, to deserve equally the name of transition. So remarkably was
this the case in the Swiss Alps, that certain rocks, which had for years
been regarded by some of the most skilful disciples of Werner to be tran

sition, were at last acknowledged, when their relative position and fossils

were better understood, to belong to the newest of the secondary groups;

nay, some of them have actually been discovered to be members of the

lower tertiary series I If, under such circumstances, the name of transition

was retained, it is clear that it ought to have been applied without refer

ence to the age of strata, and simply as expressive of a mineral peculiarity.
The continued appropriation of the term to formations of a given date, in

duced geologists to go on believing that the ancient strata so designated
bore a less resemblance to the secondary than is really the case, and to

imagine that these last never pass, as they frequently do, into metainor

phic rocks.
The poet Wailer, when lamenting over the antiquated style of Chaucer,

complains that-




We write in sand, our language grows,
And, like the tide, our work o'erflow.

But the reverse is true in geology; for here it is our work which contin

ually outgrows the language. The tide of observation advances with such

speed that improvements in theory outrun the changes of nomenclature;
and the attempt to inculcate new truths by words invented to express a
different or opposite opinion, tends constantly, by the force of association
to perpetuate error; so that dogmas renounced by the reason still retain
a strong hold upon the imagination.
In order to reconcile the old chronological views with the new doctrine

of the igneous origin of granite, the following hypothesis was substituted
for that of the Neptunists. Instead of beginning with an aqueous men
struum or chaotic fluid, the materials of the present crust of the earth
were supposed to have been at first in a state of igneous fusion, until part
of the heat having been diffused into surrounding space, the surface of the
fluid consolidated, and formed a crust of granite. This covering of crys
talline stone, which afterwards grew thicker and thicker as it cooled, was
£0 hot, at first, that no water could exist upon it; but as the refrigeration
proceeded, the aqueous vapor in the atmosphere was condensed, and, fall

ing in rain, gave use to the first thermal ocean. So high was the tem

perature of this boiling sea, that no aquatic beings could inhabit its waters,
and its deposits were not only devoid of fossils, but, like those of some
hot springs, were highly crystalline. Hence the origin of the primary or

crystalline strata,-gneiss, mica-schist, and the rest.
Afterwards, when the granitic crust had been partially broken up, land

and mountains began to rise above the waters, and rains and torrents to

grind down rock, so that sediment was spread over the bottom of the
seas. Yet the heat still remaining in the solid supporting substances
was sufficient to increase bho chemical action exerted by the water, al

though not so intense as to prevent the introduction and increase of some
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living beings. During this state of things some of the residuary mineral

ingredients of the primeval ocean were precipitated, and formed deposith

(the transition strata of Werner), half chemical and half mechanical, and

containing a few fossils.

By this new theory, which was in part a revival of the doctrine of

Leibnitz, published in 1680, on the igneous origin of the planet., the old

ideas respecting the priority of all crystalline rocks to the creation of or

ganic beings, were still preserved; and the mistaken notion that all the

semi-crystalline and partially fossiliferous racks belonged to one period,

while all the earthy and uncrystafline formations originated at a subse

quent epoch, was also perpetuated.
It may or may not be true, as the great Leibnitz imagined, that the

whole planet was once in a. state of liquefaction by heat; but there are cer

tainly no geological proofs that the granite which constitutes the founda

tion of so much of the earth's crust was ever at once in a state of universal

fusion. On the contrary, all our evidence tends to show that the formation

of granite, like the deposition of the stratified rocks, has been successive,

and that ditThrent portions of granite have been in a melted state at dis

tinct and often distant periods. One mass 'was solid, and had been frac

tured, before another body ofgranitic matter was injected into it, or through
it, in the form of veins. Some granites are more ancient than any known
fossiliferous rocks; others are of secondary; and some, such as that of
M- out Blanc and part of the central axis of the Alps, of tertiary origin.
In short, the universal fluidity of the crystalline foundations of the earth's
crust, can only be understood in the same sense as the universality of the
ancient ocean. All the land has been under water, but not all at one
time; so all the subterranean unstratified rocks to which man can obtain
access have been melted, but not simultaneously.

In the present work the four great classes of rocks, the aqueous, plutonic,
volcanic, and metamorphic, will form four parallel, or nearly parallel, col
umns in one chronological table. They will be considered as four sets of
monuments relating to four contemporaneous, or nearly contemporaneous,
series of events. I shall endeavor, in a subsequent chapter on the plutonic
rocks, to explain the manner in which certain masses belonging to each
of the four classes of rocks may have originated simultaneously at every
geological period, and how the earth's crust may have been continually
modelled, above and below, by aqueous and igneous causes, from times
indefinitely remote. In the same manner as aqueous and fossiliferous
strata are now formed in certain seas or lakes, while in other places vol
canic rocks break out at the surface, and are connected with reservoirs of
melted, matter at vast depths in the bowels of the earth,-so, at every
era of the past, fossiliferous deposits and superficial igneous rocks were in
progress contemporaneously with others of subterranean and plutonic ori
gin, and some sedimentary strata were exposed to heat and made to a
sume a crystalline or metamorphic structure.

It can by no means be taken for granted, that during all these changesthe solid crust of the earth has been increasing in thickness. It has been
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shown, that so far as aqueous action is concerned, the gain by fresh deposits,
and the loss by denudation, must at each period have been equal (see above,

p. 68): and in like manner, in the inferior portion of the earth's crust, the

acquisition of new crystalline rocks, at each successive era, may merely have

counterbalanced the loss sustained by the melting of materials previously
consolidated. As to the relative antiquity of the crystalline foundations of

the earth's crust, when compared to the fossiliferous and volcanic rocks

which they support, I have already stated, in the first chapter, that to pro
nounce an opinion on this matter is as difficult as at once to decide which

of the two, whether the foundations or superstructure of an ancient city built

on wooden piles, may be the oldest. We have seen that, to answer this

question, we must first be prepared to say whether the work of decay and

restoration had gone on most rapidly above or below, whether the average
duration of the piles has exceeded that of the stone buildings, or the contrary.
So also in regard to the relative age of the superior and interior portions
of the earth's crust; we cannot hazard even a conjecture on this point, un

til we know whether, upon an average, the power of water above, or that

of heat below, is most efficaious in giving new forms to solid matter.
After the observations which have now been made, the reader will per

ceive that the term primary must either be entirely renounced, or, if re

tained, must be differently defined, and not made to designate a set of

crystalline rocks, some of which are already ascertained to be newer than

all the secondary formations. In this work I shall follow most nearly
the method proposed by Mr. Bone, who has called all fossil~ferous rocks

older than the secondary by the name of primary. To prevent con

fusion, I shall sometimes speak of these last as the primary fossil?ferou3
formations, because the word primary has hitherto been most generally
connected with the idea of a non-fossiliferous rock. Some geologists, to
avoid misapprehension, have introduced the term Paleozoic for primary
from ''aXaiov, "ancient," and c.iov, "an organic being," still retaining the

terms secondary and tertiary; Mr. Phillips, for the sake of uniformity, has

proposed Mesozoic, for secondary, from pog, "mildlc," &e.; and Caino

zoic, for tertiary, from xavo, "recent," &c.; but the terms primary, see

ondary, and tertiary are synonymous, and have the claim of priority in

their favor.
If we can prove any plutonic, volcanic, or metamorphic rocks to be

older than the secondary formations, such rocks will also he primary, ac

cording to this system. Mr. Bout', having with propriety excluded the

metamorphic rocks, as a class, from the primary formations, proposed to

call them all "
crystalline schists."

As there are secondary fossiliferous strata, so we shall find that there

are plutonic, volcanic, and metamorphic rocks of contemporaneous origin,
which I shall also term secondary.

In the next chapter it will be shown that the strata above the chalk

have been called tertiary. If, therefore, we discover any volcanic, plutonic,
or metamorphic rocks, which have originated since the deposition of the

chalk, these also will rank as tertiary formations.
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It may perhaps be suggested that some metamorphic strata, and some

granites, may be anterior in date to .the oldest of the primary fossilifer

ous rocks. This opinion is doubtless true,.and will be discussed in future

chapters; but I may here observe, that when we arrange the four classes

of rocks in four parallel columns in one table of chronology, it is by no

means assumed that these columns are all of equal length; one may

begin at an earlier period than the rest, and another may come down to

a later point of time. In the small part of the globe hitherto examined,

it is hardly to be expected that we should have discovered either the

oldest or the newest members of each of the four classes of rocks. Thus,

if there be primary, secondary, and tertiary rocks of the aqueous or fos

siliferous class, and in like manner primary, secondary, and tertiaryhypo

gene formations, we may not be yet acquainted with the most ancient of

the primary fossiliferous beds, or with the newest of the hypogene.

CHAPTER IX.

ON THE DIFFERENT AGES OF THE AQUEOUS ROCKS.

On the three principal tests of relative age-Superposition, mineral character,
and fossils-Change of mineral character and fossils in the same continuous
formation-Proofs that distinct species of animals and plants have lived at suc
cessive periods-Distinct provinces of indigenous species-Great extent of
single provinces-Similar laws prevailed at successive geological periods
Relative importance of mineral and palteontological characters-Test of age by
included fragments-Frequent absence of strata of intervening periods-Prin
cipal groups of strata in western Europe.

IN the last chapter I spoke generally of the chronological relations of
the four great classes of rocks, and I shall now treat of the aqueous rocks
in particular, or of the successive periods at which the different fossilif
erous formations have been deposited.

There are three pi'incipal tests by which we determine the age of a
given set of strata; first, superposition; secondly, mineral character;
and, thirdly, organic remains. Some aid can occasionally be derived
from a fourth kind of proof, namely, the fact of one deposit including in
it fragments of a pre-existing rock, by which the relative ages of the two
may, even in the absence of all other evidence, be determined.

Supepos'i1ion.._..T0 first and principal test of the age of one aqueousdeposit, as compared to another, is relative position. It has been alreadystated, that where strata are horizontal, the bed which lies uppermost is
the newest of the whole, and that which lies at the bottom the most
ancient. So, of a series of sedimentary formations, they are like vol
tunes of history, in which each writer has recorded the annals of his own
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times, and then laid down the book, with the last written page upper
most, upon the volume in which the events of the era immediately pre

ceding were commemorated. In this manner a lofty pile of chronicles
is at length accumulated; and they are so arranged as to indicate, by
their position alone, the order in which the events recorded in them have

occurred.
In regard to the crust of the earth, however, there are some regions

where, as the student has already been informed, the beds have been dis

turbed, and sometimes extensively thrown over and turned upside down.

(See pp. 58, 59.) But an experienced geologist can rarely be deceived

by these exceptional cases. When he finds that the strata are fractured,
curved, inclined, or vertical, he knows that the original order of superpo
sition must be doubtful, and he then endeavors to find sections in some

neighboring district where the strata are horizontal, or only slightly in
clined. Here the true order of sequence of the entire series of deposits
being ascertained, a key is furnished for settling the chronology of those
strata where the displacement is extreme.

Mineral character.-The same rocks may often be observed to retain for
miles, or even hundreds of miles, the same mineral peculiarities, if we fol
low the planes of stratification, or trace the beds, if they be undisturbed, in
a horizontal direction. But if we pursue them vertically, or in any direc
tion transverse to the planes of stratification, this uniformity ceases almost

immediately. In that case we can scarcely ever penetrate a stratified mass
for a few hundred yards without beholding a succession of extremely dis
similar rocks, some of fine, others of coarse grain, some of mechanical, others
of chemical origin; some calcareous, others argillaceous, and others silice
ous. These phenomena lead to the conclusion, that rivers and currents
have dispersed the same sediment over wide areas at one period, but at
successive periods have been charged, in the same region, with very differ
ent kinds of matter. The first observers were so astonished at the vast

spaces over which they were able to follow the same homogeneous rocks
in a horizontal direction, that they came hastily to the opinion, that the
whole globe had been environed by a succession of distinct aqueous forma
tions, disposed round the nucleus of the planet, like the concentric coats of
an onion. But although, in fact, some formations may be continuous over
districts as large as half of Europe, or even more, yet most of them either
terminate wholly within narrower limits, or soon change their lithological
character. Sometimes they thin out gradually, as if the supply of sedi
ment had failed in that direction, or they come abruptly to an end, as if
we had arrived at the borders of the ancient sea or lake which served (is
their receptacle. It no less frequently happens that they vary in mineral

aspect and composition, as we pursue them horizontally. For example,
we trace a limestone for a hundred miles, until it becomes more arena
ceous, and finally passes into sand, or sandstone. We may then follow this
sandstone, already proved by its continuity to be of the same age, through
out another district a hundred miles or more i length.

Organic rcnains.-Thjs character iiiust be used as a criterion of the
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age of a formation, or of the contemporaneous origin of two deposits in

distant places, under very much the same restrictions as the test of min

eral composition.
First, the same fossils may be traced over wide regions, if we examine

strata in the direction of their planes, although by no means for indefi

nite distances.

Secondly, while the same fossils prevail in a particular set of strata

for hundreds of miles in a horizontal direction, we seldom meet with the

same remains for many fathoms, and very rarely for several hundred

yards, in a vertical line, or a line transverse to the strata. This fact has

now been verified in almost all parts of the globe, and has led to a con

viction. that at successive periods of the past, the same area of land and

water has been inhabited by Species of animals and plants even more

distinct than those which now people the antipodes, or which now co

exist in the arctic, temperate, and tropical zones. It appears, that from
the remotest periods there has been, ever a coming in of new organic
forms, and an extinction of those which pre-existed on the earth; some

species having endured for a longer, others for a shorter, time; while
none have ever reappeared after once dying out. The law which has

governed the creation and extinction of species seems to be expressed in
the verse of the poet,-

Natura it fece, e p01 ruppe la stampa. Aaiosvo.
Nature made him, and then broke the die.

And this circumstance it is which confers on fossils their highest value as

chronological tests, giving to each of them, in the eyes of the geologist,
that authority which belongs to contemporary medals in history.
The same cannot be said of each peculiar variety of rock; for some

of these, as red marl and red sandstone, for example, may occur at once
at the top, bottom, and middle of the entire sedimentary series; exhib
iting in each position so perfect an identity of mineral aspect as to be

undistinguishable. Such exact repetitions, however, of the same mix
tures of sediment have not often been produced, at distant periods, in
precisely the same parts of the globe; and even where this has hap
pened, we are seldom in any danger of confounding together the monu
ments of remote eras, when we have studied their imbedded fossils and
their relative position.

It was remarked that the same species of organic remains cannot be
traced horizontally, or in the direction of the planes of stratification for
indefinite distances. This might have been expected from analogy; for
when 'we inquire into the present distribution of living beings, we find
that the habitable surface of the sea and land may be divided into a
considerable number of distinct provinces, each peopled by a peculiar
assemblage of animals and plants. In the Principles of Geology, I have
endeavored to point out the extent and probable origin of these separatedivisions; and it was shown that climate is only one of many causes Oil
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which they depend, and that difference of longitude as well as latitude is

generally accompanied. by a dissimilarity of indigenous species.
As different seas, therefore, and lakes are inhabited at the same period,

by different aquatic animals and plants, and as the lands adjoining these

may be peopled by distinct terrestrial species, it follows that distinct fossils

will be imbedded in contemporaneous deposits. If it were otherwise-4

the same species abounded in every climate, or in every part of the globe
where, so far as we can discover, a corresponding temperature and other

conditions favorable to their existence are found-the identification of

mineral masses of the same age, by means of their included organic
contents, would be a matter of still greater certainty.

Nevertheless, the extent of some single zoological provinces, es

pecially those of marine animals, is very great; and our geological
researches have proved that the same laws prevailed at remote periods;
for the fossils are often identical throughout wide spaces, and in de
tached deposits, consisting of rocks varying entirely in their mineral
nature.

The doctrine here laid clown will be more readily understood, if we
reflect on what is now going on in the Mediterranean. That entire sea

may be considered as one zoological province; for, although certain

species of testacea and zoophytes may be very local, and each region has

probably some species peculiar to it, still a considerable number are com

mon to the whole Mediterranean. 1f therefore, at some future period,
the bed of this inland sea should be converted into land, the geologist

might be enabled, by reference to organic remains, to prove the contem

poraneous origin of various mineral masses scattered over a space equal
in area to half of Europe.

Deposits, for example, are well known to be now in progress in this
sea in the deltas of the Po, Rhone, Nile, and other rivers, which differ
as greatly from each other in the nature of their sediment as does the

composition of the mountains which they drain. There are also other

quarters of the Mediterranean, as off the coast of Campania, or near the
base of Etna, in Sicily, or in the Grecian Archipelago, where another
class of rocks is now forming; where showers of volcanic ashes occa

sionally fall into the sea, and streams of lava overflow its bottom; and
where, in the intervals between volcanic eruptions, beds of sand and clay
are frequently derived from the waste of cliffs, or the turbid waters of
rivers. Limnestones, moreover, such as the Italian travertins, are hero
and there precipitated from the waters of mineral springs, some of which
rise up from the bottom of the sea. In all these detached formations,
so diversified in their lithological characters, the remains of the same
shells, corals, crustacea, and fish are becoming inelosed; or, at least, a
sufficient number must be common to the different localities to enable the

zoologist to refer them all to one contemporaneous assemblage of
species.

There are, however, certain combinations of geographical circum
stances which cause distinct provinces of animals and plants to be Sepa-
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rated from each other by very narrow limits; and hence it must happen,

that strata will be sometimes formed in contiguous regions, differing

widely both in mineral contents and organic remains. Thus, for exam

ple, the testacea, zoophytes, and fish of the Red Sea are, as a group, ex

tremely distinct from those inhabiting the adjoining parts of the Mediter

ranean, although the two seas are separated only by the narrow isthmus

of Suez. Of the bivalve shells, according to Philippi, not more than a

fifth are common to the Red Sea and the sea around Sicily, while the

proportion of univalves (or Gasteropoda) is still smaller, not exceeding

eighteen in a hundred. Calcareous formations have accumulated on a

great scale in the Red Sea in modern times, and fossil shells of existing

species are well preserved therein; and we know that at the mouth of

the Nile large deposits of mud are amassed, including the remains of

Mediterranean species. It follows, therefore, that if at some future pe.
tiod the bed of the Red Sea should be laid dry, the geologist might ex

perience great difficulties in endeavoring to ascertain the relative age of

these formations, which, although dissimilar both in organic and mineral

characters, were of synchronous origin.
But, on the other hand, we must not forget that the northwestern

shores of the Arabian Gulf; the plains of Egypt, and the isthmus of

Sue; are all parts of one province of terrestrial species. Small streams,

therefore, occasional land-floods, and those winds which drift clouds of
sand along the deserts, might carry down into the Red Sea the same
shells of fluviatio and land testacea which the Nile is sweeping into its
delta, together with some remains of terrestrial plants and the bones of

quadrupeds, whereby the groups of strata, before alluded to, might, not

withstanding the discrepancy of their mineral composition and marine

organic fossils, be shown to have belonged to the same epoch.
Yet while rivers may thus carry down the same fluviatile and ter

restrial spoils into two or more seas inhabited by different marine species,
it will much more frequently happen, that the coexistence of terrestrial

species of distinct zoological and botanical provinces will be proved by
the identity of the marine beings which inhabited the intervening space.
Thus, for example, the land quadrupeds and shells of the south of Eu

rope, north of Africa, and northwest of Asia, differ considerably, yet their
remains are all washed down by rivers flowing from these three countries
into the Mediterranean.

In some parts of the globe, at the present period, the line of demarca
tion between distinct provinces of animals and plants is not very strongly
marked, especially where the change is determined by temperature, as it
is in seas extending from the temperate to the tropical zone, or from the
temperate to the arctic regions. Here a gradual passage takes placefrom one set of species to another. In like manner the geologist, in
studying particular formations of remote periods, has sometimes been
able to trace the gradation from one ancient province to another, by ob-
serving carefully the fossils of all the iMermediate places. His success
in thus acquiring a knowledge of the zoological or botanical geography
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of very distant eras has been mainly, owing to this circumstance, that

the mineral character has no tendency to be affected by climate. A

large river may convey yellow or red mud into some part of the ocean,

where it may be dispersed by a current over an area several hundred

leagues in length, so as to pass from the tropics into the temperate zone.

If the bottom of the sea be afterwards upraised, the organic remains

imbedded in such yellow or red strata may indicate the different animals

or plants which once inhabited at the same time the temperate and

equatorial regions.
It may be true, as a general rule, that groups of the same species of

animals and plants may extend over wider areas than deposits of homo

geneous composition; and if so, palmontological characters will be of

more importance in geological classification than the test of mineral com

position; but it is idle to discuss the relative value of these tests, as the

aid of both is indispensable, and it fortunately happens, that where the

one criterion fails, we can often avail ourselves of the other.

Test by included fragments of older rocks.-It was stated, that inde

pendent proof may sometimes be obtained of the relative date of two

fbrmatious, by fragments of an older rock being included in a newer one.

This evidence may sometimes be of great use, where a geologist is at a

loss to determine the relative age of two formations from want of clear

sections exhibiting their true order of position, or because the strata of

each group are vertical. In such cases we sometimes discover that the

more modern rock has been in part derived from the degradation of the

older. Thus, for example, we may find chalk with flints in one part of a

country; and, in another, a distinct formation, consisting of alternations

of clay, sand, and pebbles. If some of these pebbles consist of similar

flint, including fossil shells, sponges, and foraminifere, of the same species
as those in the chalk, we may confidently infer that the chalk is the oldest
of the two formations.

Chronological groups.-The number of groups into which the fossil

it'erous strata may be separated are more or less numerous, according to

the views of classification which different geologists entertain ; but when

we have adopted a certain system of arrangement, we immediately find

that a few only of the entire series of groups occur one upon the other

in any single section or district.

The thinning out of individual strata was before described (p. 16).

Fig. 104.

I ..". j
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But let the annexed diagram represent seven f)ssiIikrOUS groups, instead
of as many strata. It will then be seen that in the middle all the super
imposed formations are present; but in consequence of some of them
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thinning out, No. 2 and No. 5 are absent at one extremity of the sec

tion,. and No. 4 at the other.

In the annexed diagram, fig. 105, a real section of the geological

formations in the neighborhood of Bristol and the Mendip Hills, is pre

sented to the reader as laid down on a true scale by Professor Ramsay,

where the newer groups 1, 2, 3, 4 rest unconformably on the formations

Fl. 1(15.
S Dundry Hill. N

- -.,--.- .....- .,_. .---.
4
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Section South of Bristol. £ C. Bnnmay.

Length ofsection 4 miles. a, '. Level of the sea.
1. Inferior colilo. . Coal measure.
2. Lins. G. Carboniferous limestone.
3. Now red sandstone. i. Old red sandstone.
4. Magnesian conglomerate.

5 and 6. Here at the southern end of the line of section we meet with

the beds No. 3 (the New Red Sandstone) resting immediately on No. 6,

while farther north, as at Dundry Hill, we behold six groups superim

posed one upon tho other, comprising all the strata from the inferior

oolite to the coal and carboniferous limestone. The limited extension of

the groups 1 and 2 is owing to denudation, as these formations end ab

ruptly, and have left outlying patches to attest the fact of their having

originally covered a much wider area.

In many instances, however, the entire absence of one or more forma

tions of intervening periods between two groups, such as 3 and S in the

same section, arises, not from the destruction of what once existed, but

because no strata of an intermediate age were over deposited on the in

ferior rock. They were not formed at that place, either because the

region was dry land during the interval, or because it was part of a sea

or lake to which no sediment was carried.
In order, therefore, to establish a chronological succession of fossilifer

ous groups, a geologist must begin with a single section, in which sev
eral sets of strata lie one upon the other. He must then trace these
formations, by attention to their mineral character and fossils, continu

ously, as far as possible, from the starting point. As often as he meets
with new groups, be must ascertain by superposition their age relatively
to those first examined, and thus learn how to intercalate them in a tab
ular arrangement of the whole.
By this means the German, French, and English geologists have de

termined the succession of strata throughout a great part of Europe, and
have adopted pretty generally the following groups, almost all of which
have their representatives in the British Islands.
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Groups of Fossiliferous Strata observed in Wester' Europe, arranged

in what is termed a descending Series, or beginning with the newest.

(See a more detailed Tabular view, pp. 104-108.)

1. Post-Pliocene, including those of the
Recent, or human period.

2. Newer Pliocene, or Pleistocene.
3. Older Pliocene.
4. Miocene.
5. Eocene.
6. Chalk
7. Greensnnd and Wealden.
8. Upper Oolite, including the Purbeck.
9. Middle Oolite.

10. Lower Oolite.
11. Lias.
12. Trias.
13. Permian.
14. Coal.
16. Old Red sandstone, or Devonian.
16. Upper Silurian.
17. Lower Silurian.
s Cambrian and older fossiliferous strata.




1Tertiary, SupracretaceOUs,* or

Cainozoic.f

Secondary, or Mesozoic.

Primary fossiliferous, or pale
zojo.

It is not pretended that the three principal sections in the above table,

called primary, secondary, and tertiary, are of equivalent importance, or

that the eighteen subordinate groups comprise monuments relating to

equal portions of past time, or of the earth's history. But we can assert

that they each relate to successive periods, during which certain animals

and plants, for the most part peculiar to their respective eras, have flour

ished, and during which different kinds of sediment were deposited in the

space now occupied by Europe.
If we were disposed, on pakeontological grounds, to divide the entire

fossiliferous series into a few groups less numerous than those in the above

table, and more nearly co-ordinate in value than the sections called pri

mary, secondary, and tertiary, we might perhaps, adopt the six groups or

periods given in the next table.
At the same time, I may observe, that, in the present state of the

science, when we have not yet compared the evidence derivable from all

classes of fossils, not even those most generally distributed, such as

shells, corals, and fish, such generalizations are premature, and can only
be regarded as conjectural or provisional schemes for the founding of

large natural groups.

* For tertiary, Sir EL De la Beebe has used the term "supracretaceous,"
a name implying that the strata so called are superior in position to the
chalk.

f For an explanation of Cainozoic, see p. 95.

Palwontology is the science which treats of fossil remains, both animal and
vegetable. .Etyrn. waatof, palaio; ancient, opra, on (a, beings, and o'oc, logo; a
discourse.
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Fossiliferous Strata of Western Europe divided into Six Groups.

1. Post-Plioceno and from the Post-Pliocene to the Eocene inclusive.
Tertiary - -)

2. Cretaceous - - from the Maestricht Chalk to the Wealden inclusive.

3. Oolitio - - - from the Purbeck to the Lias inclusive.
ç including the Keuper, Muschelkalk, and Bunter Sand

4. Triassic - - -
stein of the Germans.

5. Permian, Carbonifer- including Magnesian Limestone (Zechstein), Coal, Moun-
otis, and Devonian tam Limestone, and Old Red Sandstone.

6. Silurian and Cam- from the Upper Silurian to the oldest fossiliferous rocks
brian - - -inclusive.

But the following more detailed list of fossiliferous strata, divided into

thirty-five sections, will be required by the reader when he is studying
our descriptions of the sedimentary formations given in the next 18

chapters.




TABULAR VIEW

OF TIlE

FOSSILIFEROUS STRATA,

Showing the Order of Superposition or Chronological Succession of
the principal Groups.

Periods and Groups. British Exmplo ForeIgn Equivalents And Synouynii.
I. POST-TERTIARY. I. Tnnns CO?TF.MPORAflES,

QUATERNAl It
A. POST-PLIOCENE.

(Part of the Terrain quaternairoof French authors.
Peat otGrcot Britain and Ireland,
with human remains. (t'rlnci.

Modern part or deltas at Rhino.I Nile, Uniiges, Mississippi tc.
I. RECENT.

plea or Geology. ell. 45.)
Alluvial plains of the Thames.

I Modern part of coral-rears o1 Rod
Sea and Pacific.

Mersey, end Rothcr,wltb buried Marina strata inclosin temple of
&'rinciples,51*11,5. p 120 and l'rinciples SeraipiuatFurzuoli.

cls.20.cb. Freshwater strata inclosing Tom-
pie In Cashmere. 1L4d. 9th ed.

* p.762.
f Part of Torrafli quatornidro of

Ancient raised beach ofBrighton.
I French authors.
Volcanic tuff of leehia with livb. fig. 331, p. 287. Ing Species of marine shells

. POST-PLIOCENE.
Alluvium, gravel brlclc.carth,
&c. with fossil shii. of living

and without human rgwalus or
works ofart p. 118.species, but sometimes locally Loose of (ho 1hino, with recant

{
extinct, and with bones of landanimals, partly of extinct spo.

freshwater shells, and wam
moth bones, p. 12.1.CCs; no human remains. Newer part of boulder.forrnntlon
In Sweden, p. 129. IiluD of
Mississippi, p. 121.

II. TERTIARY.
.8. PLIOOEfl

IL niuiss TEflTUTRtC.

3. NEVER. Glacial drift orboiihler.formtttion Terrain quatornairo, dilevium.
I Terrains tcrt.hdree supóriouri, p.

PLIOCENE,
of Norfolk p. 132, of (ho Clydein ScoUamd. p. 130, of North )39.

Ohidal drift of Northern Europeor Wales, p. 130. Norwich Crag,p. 154 -Cvo.doposite of Kirk- p. 128; and of Northern United
States,

j
PlcItoccn. dale &e., with bones ofextinctand lvlng qundrupeds, p. 160,

p. 139; and .Alpino or
ratica, p. 145.1, ties'

of Ulrgonti p.150.Australian cnve.brcccins. p. 103.
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pirlods and Groups.. British xamplo. Faroign Equivalent. and Synonyms.
i Subapannino strata, p. 173.

4. OLDER ç Red Crag of Snflolk, p1g.
168-170. BIlls of Rome, donte Imo, &e.

PLIOCENE. Coralitno cragor sniro ,pp. iu& p. 176, and T. 631.
Antwerp and Normandy crag, p.171. 173.
Ara1o.OQSpiLtfl deposits, p. 175.

0. TaniUirS TaRTXAInES ItOr.
C. MIOCENE. rica, rAittla aorliuuna; on

rLJ.UNS.
I Falunlensnp6rlour, D'Orblgny.
Fnmas of Touraino, i'. ITS.

I Marine strata ofthis ago tyanting Part otBourdeaux beds p. 178.
Bolclerbcrg strata In 13cgtum, p.

I In the British Isles. 178.
. DIXOOENE. Led-bed of luU In theHebrides?

I P. ]79. Part of Vienna basin, p. 170.
Part of Iotase, Sw tzorlu.ud, p.

I Lignite ofAntrim?, p. 180. i 170.Sands ofJames River and Rich
IrgLnla, United States,mond,

. 181.
.0. EOOENE.

0. UPPER EOCENE
(Lower flflocono of
many authors).

7. IIDDLB EOCENE.

8. LOWER EOCENE.




I Ilempstbad beds, near Yarmouth,

L
'° ofWight, p. 192.

L llcmbridge, or Biw'tead Beds,
Isle of Wight. p. 208.

2. Osborne or St. Ilciun's series,
p. 210.

3. Hendon Series. Aid.
4. Hendon hill Sands, and Bar
ton Clay, p. 212.

5. Bngshot and Brackleshuini
Beds, p. 21&,

6. WantIng? ee p. 222.

f I. London Clay and Bognor Beds,
p. 216.

2. Plastic and Mottled Clays and
I Sands, and Woolwich Beds, p.
I 219.
13. Thanat Sands, p. 221.




Lower part of Terrain Tertlalra
Moyon.Cnlcairo Lacustro Sop&Ionr and
Grds do Fontainebleau, p. 194..

Part of the Lacustrino strata of
Auvergne, p. liii.

Kicyn Spawen or Limbnrg beds,
Bolglum-Rupallan and
Tong-ransystems of Durnont, p. 1B8.

Mayonce basin, p. 190.
Part of brown-coal of Germany,
pp. 391, 640.

flermedonl We-clay near Bonlin,
p. 189.

1. Qypseous SeriesofMontmartre,
and Calcoiro lacustro sup6rlcur,
p. 223.

2 & 3. Calcaire Sflicenx p. 225.
2 & S. Gras do Beauc'batnp or
Sables Mayans, p.220. Lecken
beds Belgium.4 & S. tipper and Middle Ca.IcaIre
Orossler p. .

S. Bruxel1on, orBrussels bed.. of
Dumont.

5. Lower Calcniro Grosuier or
Olaueonio Orosslro, p. 2.2à.

5. Claiborne beds Alabama,
United States p. 232.

5 & 6. NuinmuIltio formation of
Europe, Asia. &c., p. 220.

6. Solesonnale Sands, or Lila Co.
quililers, p. 228.

1. Wanting In Paris basin, occurs
at Cassol In French Flanders.

2. Arglle lIasLlquo at Lignite, p.
229.

3. Lower Landenian of BelgiumIn part?, p. 235.
ilL SECONDARY. Ill. Tnntss SECONDAInES.
E. CRETACEOUS. £. Tnuiaia CnETActs.

§ Ur C1LrAcEou8.
(9. Dantcn of fl'Orbigny.
Culcairo pisoiltique, near Paris,

" MAESTRICIIT

f

fWanting In England. I
p. Z15.

Macetniclit Beds, p. 237.BEDS. I Corallino Limestone of Fanoo In
I Denmark, p. 238.

10. Senonlen, D'Orblgny.
('rate blanclto nec aI,ex.

10. UPPER WhiteChalk whit Flints, ofNorth ()bero Xrcltloolthn tkrinaas.
WHITE CHALK. and buutb Downs, p 2W Upper quadursaiidstcin I of the

same.
i.a Scagliri of (ho Italians.
('ulcairo ii htppurilos, Pyrenees.

II. LOVER Clunik wlfl,n'tt Flints, and Chalk Turoulcu, J)'( rhigny, or, Crale
tiurunu ot'I'ouralne.

j
WHITE CHALK.

Marl,
Chalk Map.

239.
rl. Ibid. Crab argileuso of some French

wtlters.
Upper Pltnerkalk ofSaxony.

( Loose sand with bright green r (I rs-s vcrt siip(.nleur.
grain,, p. 2t0. I (IIa,iconlo erayeuse.

IL UPPER Firestone of Monstitam, Surrey, Crab cl,lnrIt
GREENSAND.

I

ibid.
3iarly Stone whit Chert, Isle of

t'eui,nrnnbon, 1)'Onbigny.
I.ower Qiiu,Icranuiisicin of (be

Wight. Gerinauss.



106 TABULAR VIEW OF FOSSILIFEROUS STRATA. [CD. IX.

Periods and Groups " British Ex. PIGS. Foreign Equivalents and Synonyms.
r Dark Blue Marl, Kent, p. 250. 1 Ords vort supkiuur) i pnrt.I Folkestone Marl or Clay. I Glauconlo orayousoS

13. GAVLT. I Blnckdowa Beds green sand and
251.

I Athien lvOrblgiiy.
1 Lowur'Flauer otSaxony( chart, Devonshire, p.

§§ Low= O:rAcEoUS, on NEooonAN.
I Sand with green matter. Weald
I of Kent and Sussex, p. 257. 1 Ores vort infórlcur.
I Limestone (Kentish Rag.) p. 257. Ndoeomlon sup6riour.

1. LOWER 1 Sands and clay with calcareous I Aption, D'Orblgny.
GREENSANDS 1 concretions and chert.

1 Ilils-conglomorat of Germany.
I Athorflold, Isle of Wight, p. 257. This thon of Brunswick.
Spooton Clay, Yorkshire.

(Clay with occasional bawls of (
15. WEALDEN

I

llmostonc.-Weald ofKent, Stir.
rev, and Sussex, p. 260.

I
Fonnation Witidlonno

(Vca1cl Clay IiUSI sana with calcareous grit and Nocomh.u IniSricur.
Hastings SantO. clay, - Hastings, Cuckfiold, ISussex, p. 262. L

F. OOLITE.
' Tanxuns JUIUSSI4UES,in part

§ UPPEa OoLrr.
ç

16. PURBECK BEDS. < Unper.
Middle, and Lower Par-

bck. I)orsotsbiro and Wilts, C Serpuiltenkalk of Bunker and4 associateiL beds of the korth
pp. 293-296. German Waldorformation.

12. PORTLAND c Portlandstone nndPortlandsand, (Iroupo Fortiandien of Beuclnnt.BEDS. p.300.
C Ktrnmerklglon, D'Orbigny.

18. KIMMERIDGE c Clay of Kimmerkigo, Dorset- Calcairo cI grypliC.es virgules, of
Tliirrhi.

CLAY. shire, p. 300. I Argues do Tionfleur, E. do Beau.
mout et Dufrcsnoy.

§§ MIDDLE OourE.

ç Calcareous grit. (Oroupo corallien do Beudont.
19. CORAL-RAG. c Coral-rag or oolitic limestone

with corals, Oxfordshire, p. 302.
D'Orbignv.Calcairo Nrlunea of Thur.

mann anti Thirria.

I(1.
Dark blue clay, Oxfordshiroand Midland counties, P. 304. 1 Oxfordicn suprIour, Thur.

20. OXFORD CLAY. 2. Calcnreousconcrctionarvlirno.stone with shell cailca Kol-
mann.

2. Oxfoioa Inidricur, or Callo-
I loway Rock, . 34. vIon D'Orblgoy.

§ Low= OouT.
f 1. Cornbrasb and Forest Marble,

91. GREAT or BATH I Wiltshire, p. 305. Bathonion of Omallus D'fiallor.1
OOLITE. 2. Great OolIto and StoneefleldSinto -Bath, Stonesfield, pp.

{

Grand OolItho.
Calcairo do Coon.

1 30-3b9.
C Fuller's Earth, near Bath , p. 314.
I22. INFERIOR I
Calcareous freestone, and yellow,and, of Cotleswoltl Bills,

Ool(the infrionr.I OolithoferruginouxofNormandy.OOL1TE " I Gloucestershire. j Oolliho do Iin?cux.I Duntlr 11111, near Bristol, pp.Ku. Bejocien of D Orblgny.1. 102,
G. LAS. G. TEnn&INs JwuSslQutS,

In part.
tago snp&lour tin Lies,

i ThIrrIo.

LIAS. (1. Upper Lies, p. 318.
I Toarcien D'Orblguy.I 2. Lias may00.( 2. Marl.Stone, ibid.

(3. Lower Line, 1 Llusien, D'Orblgnv.I 3. Calcaire a grypf6o arqno.I SInmuricu, 1)'OrWgny.I Coal-field near Bictimoud, Vir-
ginia. p 50.

11 TRIAS. U. Nou'vcAu Oats RoUOL
(Upper New Red Sandstone.)

I Sailferons and Gyps, Us sand-I94. UPPER TRIAS. j
stones and abates of Cheshire,pp Konper of the Gormans

Done-bed ofAznioutb. Devon. p.
IrIees ofthe French.

i
ballicIrlen, D'Orb!gny.

25. MIDDL) TRI.&s
(336.

Or
{

\Vauttug In England.land.
Muicholkolic of the Germans.I

I Citlcatro conchylion, Brongniort.'IMuecholkalic. Calcairo Córntltes, Cordier.
I Concbylien, D'Orbigny (In part).

20. LOVER TRIAS. Red and white sscndtono of Lan.ctu'Wro and Cheshire, ( Buntor.Sondsloln ofthe Germans.pp. 538,337. ( Orbs bigarré ofthe French.
( Conchyilen, D'Orblgny (In part).
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Poloii and Gropu. British Examples. Foreign Equivalent. and Synonym

1V. PRIMARY.
XV. Tann's DO TflANItION.

TERnAIsS r.LLfozoLQuas.

I PERMIAN,
OIL MAGZ&AN LThIESTONE.




L O&LOAIRE MAonsIr.r.

(Lower New .RecL)
1 1. ConoretiOnar limestone

Durham and Yorkshire L 1]. Stinkelein orThuringia.
ibid.I 2. Brecciatod limestone, tl*f"

352.Fossillforous limestone,
2. Rinchwcko,
3, DolomiL or Upper Zechsteln.

27. PERMIAN, p.I 3.
Compact limestone, ibid. 4" Zoehstuin

K.25111
.

rer-schiofer.or
.MAGNESIAN

.I .
5. 'iitrl.Slato of Durham . 36s.

I 6. Inferior mandtunes o various
6. Mergol or
0. Rot liegencics of Thurlugia.

LI1IIESTONE. I colore,-N. of England, p. 351 Permian of Russia, p. 355.
Gras dci Vosges o the French

I Dolomitia conglomerate,-I3ris. i (to part).I to], p. 354.

K. CARBONIFEROUS. K. Tannux UOUILLIST1.

I. Conl.moasuros, sandstone and
28. UPPER I shalo with seams or coal,f

West of England and Ireland, Coal-fields of tho United States, p.
CARBONIFER0I1S,, Chntore 24 and 25. 387.

2. 6111 'tone Grit, pp. 353, 360. "
ii. Calentro carbonifOro of the

French.
Mountain or Carboniforous i

I. Bergkatk or Koblonknik of
thep. .103, a ;eq.

2. Lower limestone sbalo,-Mon-
orman,.

. Pontrornito limestone, United
99. LOIVEE. dips. Carboniferous slate,- States, P. 410.
CARBONIFEROUS. Ireland. Klose-schletur and Jangoro

Carbonaceous schist with Pozsl. i
Grauwucko of the Germans, p.409." donoxnya lImberS, p. 409. 0 scous bed. and Encrinitni
limestone of Nova Scotia, p.
409.

L DEVONIAN, Z" Tnnux pEvotEr.
or OLD R SANDSTONE. VIEUX oab ROUGE.

(Yellow sandstone of flura Don,
I Fife, p. 412.

with
Russian Devonian, Upper part, p1 425.I White sandstone of Elgin,

30. UPPER c
DEVONIAN.

Teierpeton, ibid. IRed endstone and conglomerate, i
I

Catskill Group, United States, p.426.
I 424.

I
p. 411.

Donor and middle Devonian of
Bud Limestone. p.
Limestone of Vilitnar, &c., Nas-

I b1. Devon, Including Plymouth snu.
1 limestone, pp. 420, 422.
t Lower Devdnlan of N. Devon, 1 1.

r6jildfror
Sandstone and Slate of

I North Foreland, p. 424. I Snndborger p. 424.
31. LOVER I Arbroath paying-stone, pp. 412- I Older ELio,i(sn Greywacko of

DEVONIAN. 1
I

415. S
Bituminous schlsti of Caithness, I

Roomer ibid.
Russian tlovonlan, Lower part,

1 p.418. 1. p.425.

if SILURIAN.

32. UPPER
SILURIAN

32 a. MIDDLE SILuntA.
(Beds o/pauage between
Upper and Lower Silurian.)

33. LOWER
SILURIAN.

N. OAMBRLAN.

34. UPPER
CAMBRIAN.

36. LOWER
CAMBRIAN.




I. Upper Ludlow, p. 430.
2. Aymestry I.tmestone, p. 434.
3. l.ower Ludlow, ibid.
4. Wenlock Limestone, p. 435.
5. Weniock shale, p. 437.

Caradno or May Dill Sandstone,
p. 437.

Llandeilo Flags and shale p. 439.
Bala Limestone and black slate,
p. 441.

Oraptolite Scitists, . nfScotland.
Limestone, Chair of Kildare, ire

land.

Lingula Flags, North Wales, p.448.
Stiper Stones, Shropshire.

Lowest fossiliferous rocks of
Wicklow, in Ireland, p.419.




Jr. TERRAIN StLuntE';.
New York division from the Up
per Pentnn,orns to the Niagara
Group inclusive, p. 444.
tngus l. to U. of Jiarrando,
Bohemia.

Now York Oroupi from the Clin
ton to thu t;ruy sandstone In.
elusive, p. 441.

Now York groups from the lind-
on-Rivor bed to the Cnkifor
ous sandstone inclusive, p. 444.

Etngc. and 1). (Ilnrrnntlo)1 no.hernia.
Slates of Angers, Franoe.

'Primordial zone of Ihtrrande In
Jioheritla, p. 460.

Alum Schipis or Sweden. p.451.I'otsdam Sandstone of United
States and Canada, p. 451.

WieconIn and Minnesota lowest
Fossiliferous rock., p. 463.
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ABRIDGED TABLE OF FOSSILIFEROUS STRATA.

I. RECENT.
2. POST-PLIOCENE.
3. NEWER PLIOCENE.
4. OLDER PLIOCENE.
5. MIOCENE.
0. UPPER EOCENE.
7. MIDDLE EOCENE.
& LOWER EOCENE.

9. MAESTRICIIT BEDS.
10. UPPER WRITE CHA.LL
IL LOWER WHITE CHALK.
12. UPPER GREENSAND.
13. GAULT.
11. LOWER GREENSAND.
15. WEALDEN.
16. PURBECK BEDS.
17. PORTLAND STONE.
18. KIMMEBIDGE CLAY.
19. CORAL BAG.

. OXFORD CLAY.
21. GREAT OR BATH OOLITE.
22. INFERIOR OOLITE.
23. LIAS.
21. UPPER TRIAB.
25. MIDDLE TRIAS, or

3IUSChIEIKALK.
20. LOWER TRIAS.

27- PERMIAN. or
MAGNESIA1 LIMESTONE.

23. COAL-MEASURES.
29. CARBONIFEROUS

LIMESTONE.
30. UPPER)

J
DEVONIAN.31. LOWER)

32. UPPER)




SILURIAN.33. LOWER)
SL UPPER)

CAMBRIAN,33. LOWER)




POST-TERTIARY.

PLIOCENE.

MIOCENE.

EOCENE.

CRETACEOUS.

JURASSIC.

}




90

C)

000
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PEIUInAN.
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0
N
0
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0
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CHAPTER X.

CLASSIFICATION OF TERTIARY FORMATIONS-POST-PLIOCENE GROUP.

General principles of classification of tertiary strata-Detachod formations scat-

tered over Europe-Strata of Paris and London-More modern groups
Peculiar difficulties in determining the chronology of tertiary formations-In

creasing proportion of living species of shells in strata of newer rigin-Terms
Eocene, Miocene, and Pliocene-Post-Pliocene strata-Recent or human period
-Older Post-Pliocene formations of Naples, Uddovaila, and Norway-Ancient
upraised delta of the Mississippi-Loess of the Rhine.

BEFORE describing the most modern of the sets of strata enumerated

in the tables given at the end of the last chapter, it will be necessary to

say something generally of the mode of classifying the formations called

tertiary.
The name of tertiary has been given to them, because they are all

posterior in date to the rocks termed "secondary," of which the chalk

constitutes the newest group. These tertiary strata were at first con

founded, as before stated, p. 91, with the superficial alluviums of Europe;
and it was long before their real extent and thickness, and the various

ages to which they belong, were fully recognized. They were observed

to occur in patches, some of freshwater, others of marine origin, their

geographical area being usually small as compared to the secondary
formations, and their position often suggesting the idea of their having
been deposited in different bays, lakes, estuaries, or inland seas, after a

large portion of the space now occupied by Europe had already been

converted into dry land.
The first deposits of this class, of which the characters were accurately

determined, were those occurring in the neighborhood of Paris, described

in 1810 by Mid:. Cuvier and Brongniart. They were ascertained to con

sist of successive sets of strata, some of marine, others of freshwater

origin, lying one upon the other. The fossil shells and corals were per
ceived to be almost all of unknown species, and to have in general a
near affinity to those now inhabiting warmer seas. The bones and skel
etons of land animals, some of them of large size, and belonging to more
than forty distinct species, were examined by.Cuvier, and declared by him
not to agree specifically, nor even for the most part generically, with any
hitherto observed in the living creation.

Strata were soon afterwards brought to light in the vicinity of London,
and in Hampshire, which although dissimilar in nu neral composition,
were justly inferred by Mr. '11'. Webster to be of the same age a.s those of
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Paris, because the greater number of the fossil shells were specifically

identical. For the same reason rocks found on the Giroude, in the South

of France, and at certain points in the North of Italy, were suspected to

be of contemporaneous origin.
A variety of deposits were afterwards found in other parts of Europe,

all reposing immediately on rocks as old or older than the chalk,

and which exhibited certain general characters of resemblance in their

organic remains to those previously observed near Paris and London.

An attempt was therefore made at first to refer the whole to one pe

riod; and when at length this seemed impracticable, it was contended

that as in the Parisian series there were many subordinate formations

of considerable thickness which must have accumulated one after the

other, during a great lapse of time, so the various patches of teriiarv

strata scattered over Europe might correspond in age, some of them

to the older, and others to the newer, subdivisions of the Parisian

series.
This error, though almost unavoidable on the part of those who

made the first generalizations in this branch of Geology, retarded se

riouly for some years the progress of classification. A more scrupu
lous attention to specific distinctions, aided by a careful regard to the

relative position of the strata containing them, led at length to the con

viction that there were formations both marine and freshwater of various

ages, and all newer than the strata of the neighborhood of Paris and
London.
One of the first steps in this chronological reform was made in 1811,

by an English naturalist, Mr. Parkinson, who pointed out the fact that
certain shelly strata, provincially termed "Crag" in. Suffolk, lie decidedly
over a deposit which was the continuation of the blue clay of London.
At the same time lie remarked that the fossil testacea in these newer
beds were distinct from those of the blue clay, and that while some of
them were of unknown species, others were identical with species now

inhabiting the British seas.
Another important discovery was soon afterwards made by Brocchi in

Italy, who investigated the argillaceous and sandy deposits replete with
shells which form a low range of hills, flanking the Apennines on both
sides, from the plains of the Po to Calabria. These lower hills were
called by him the Subapennines, and were formed of strata chiefly marine,
and newer than those of Paris and London.

Another tertiary group occurring in the neighborhood of Bourdeaux
and Dax, in the south of France, was examined by M. de Basterot in
1825, who described and figured several hundred species of shells, which
differed for the most part both from, the Parisian series and those of the
Subapennine hills. It was soon, therefore, suspected that this fauna
might belong to a period intermediate between that of the Parisian and
Subapennino strata, and it. was not long before the evidence of super
position was brought to bear in support of this opinion; for other strata,
contemporaneous with those of Bourcienu; were observed in one district
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(the Valley of the Loire), to overlie the Parisian formation, and, in an

other (in Piedmont) to underlie the Subapennine beds. The first exam

ple of these was pointed out in 1829 by M. Desnoyers, who ascertained

that the sand and marl of marine origin called Faluns, near Tours, in

the basin of the Loire, full of sea-shells and corals, rested upon a lacus

trinc formation, which constitutes the uppermost subdivision of the

Parisian group, extending continuously throughout a great table-land

intervening between the basin of the Seine and that of the Loire. The

other example occurs in Italy, where strata, containing many fossils sim

ilar to those of Bourdeaux, were observed by Bonelli and others in the

environs of Turin, subjacent to strata belonging to th Subapenmne

group of Brocehi.
Without pretending to give a complete sketch of the progress of dis

covery, I may refer to the facts above enumerated, as illustrating the

course usually pursued by geologists when they attempt to found new

chronological divisions. The method bears some analogy to that par
sued by the naturalist in the construction of genera, when he selects a

typical species, and then classes as congeners all other species of animals

and plants which agree with this standard within certain limits. The

genera A and C having been founded on these principles, a new species
is afterwards met with, departing widely both from A and C, but in

many respects of an intermediate character. For this new type it be

comes necessary to institute the new genus B, in which are included all

species afterwards brought to light, which agree more nearly with B than

with the types ofA or C. In like manner a new formation is met with
in geology, and the characters of its fossil fauna and flora investigated.
From that moment it is considered as a record of a certain period of the
earth's history, and a standard to which other deposits may be com

pared. If any are found containing the same or nearly, the same organic
remains, and occupying the same relative position, they are regarded in
the light of contemporary annals. All such monuments are said to re
late to one period, during which certain events occurred, such as the
formation of particular rocks by aqueous or volcanic agency, or the con
tinued existence and fossilization of certain tribes of animals and plants.
When several of these periods have had their true places assigned to
them in a chronological series, others are discovered which it becomes

necessary to intercalate between those first known; and the difficulty of

assigning clear lines of separation must unavoidably increase in propor
tion as chasms in the past history of the globe are filled up.

Every zoologist and botanist is aware that it is a comparatively easy
task to establish genera in departments which have been enriched with

only a small number of species, and where there is as yet no tendency
in one set of characters to pims almost JusciLsibly, by a multitude of coil

fleeting links, into another. They also know that the difficulty of classi
fication augments, nut! that the artificial nature of (heir divisions becoine.s
more apparent, in proportion to the illere:Lsed uiiumher of objects brought
to light. But in separating families and genera, they have no other id-
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ternativo than to avail themselves of such breaks as still remain, or of

every hiatus in the chain of animated beings which is not yet filled up.

So in geology, we may be eventually compelled to resort to sections of

time as arbitrary, and as purely conventional, as those which divide the

history of human events into centuries. But in the present state of our

knowledge, it is more convenient to use the interruptions which still

occur in the regular sequence of geological monuments, as boundary

lines between our principal groups or periods, even though the groups

thus established are of very unequal value.

The isolated position of distinct tertiary deposits in different parts of

Europe has been already alluded to. In addition to the difficulty pre
sented by this want of continuity when we endeavor to settle the chrono

logical relations of these deposits, another arises from the frequent

dissimilarity in mineral character of strata of contemporaneous date,

such, for example, as those of London and Paris before mentioned. The

identity or non-identity of species is also a criterion which often fails us.

For this we might have been prepared, for we have already seen, that

the Mediterranean and Red Sea, although within 70 miles of each other,

on each side of the Isthmus of Suez, have each their peculiar fauna;

and a marked difference is found in the four groups of testacea now
1ivin in the Baltic, English Channel, Black Sea, and Mediterranean, al

though all these seas have many species in common. In like manner a
considerable diversity in the fossils of different tertiary formations, which
have been thrown down in distinct seas, estuaries, bays, tnd lakes, does
not always imply a distinctness in the times when they were pro
duced, but may have arisen from climate and conditions of physical
geography wholly independent of time. On the other hand, it is now

abundantly clear, as the result of geological investigation, that different
sets of tertiary strata, immediately superimposed upon each other, con
thin distinct imbedded species of fossils, in consequence of fluctuations
which have been going on in the animate creation, and by which in the
course of ages one state of things in the organic world has been substi
tuted for another wholly dissimilar. It has also been shown that in
proportion as the age of a tertiary deposit is more modem, so is its
fauna more analogous to that now in being in the neighboring seas. It
is this law of a nearer agreement of the fossil testacea with the species
now living, which may often furnish us with a clue for the chronological
arrangement of scattered deposits, where we cannot avail ourselves of
any one of the three ordinary chronological tests; namely, superposition,mineral character, and the specific identity of the fossils.

Thus, for example, on the African border of the Red Sea, at the
height of 40 feet., and sometimes more, above its level, a white calcare
ous formation has been observed, containing several hundred species of
shells differing from those found in the clay and volcanic tuff of the
country round Naples, and of the contiguous island of Iscbia. Another
deposit has been found at TJddevll, in Sweden, in which the shells do
not agree with those found near Naples. But although in these three
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cases there may be scarcely a single shell common to the three different

deposits, we do not hesitate to refer them all to one period (the Post

Pliocene), because of the very close agreement of the fossil species in

every instance with those now living in the contiguous seas.

To take another example, where the fossil fauna recedes a few steps

farther back from our own times. We may compare, first, the beds of

loam and clay bordering the Clyde in Scotland (called glacial by some

geologists), secondly, others of fluvio-marine origin near Norwich, and,

lastly, a third set often rising to considerable heights in Sicily, and we

discover that in every case more than three-fourths of the shells agree
with species still living, while the remainder are extinct. Hence we may
conclude that all these, greatly diversified as are their organic remains,

belong to one and the same era, or to a period immediately antecedent

to the Post-Pliocene, because there has been time in each of the areas

alluded to for an equal or nearly equal amount of change in the marine

testaceous fauna. Contemporaneousness of origin is inferred in these
cases, in spite of the most marked differences of mineral character or

organic contents, from a similar degree of divergence in the shells from

those now living in the adjoining seas. The advantage of such a test
consists in supplying us with a common point of departure in all coun
tries, however remote.
But the farther we recede from the present times, and the smaller the

relative number of recent as compared with extinct species in the ter

tiary deposits, the less confidence can we place in the exact value of such
a test, especially when comparing the strata of very distant regions; for
we cannot presume that the rate of former alterations in the animate
world, or the continual going out and coming in of species, has been

everywhere exactly equal in equal quantities of time. The form of the
land and sea, and the climate, may have changed more in one region
than in another; and consequently there may have been a more rapid
destruction and renovation of species in one part of the globe than
elsewhere. Considerations of this kind should undoubtedly put us on
our guard against relying too implicitly on the accuracy of this test;

ye: it can never fail to throw great light on the chronological re
lations of tertiary groups with each other, and with the Post-Pliocene
period.
We may derive a conviction of this truth not only from a study of

geological monuments of all ages, but also by reflecting on the tendency
which prevails in the present state of nature to a uniform rate of sirnul.
taneous fluctuation in the flora am-I Ihuria of the whole globe. The
grounds of such a doctrine cannot be discussed here, and I have ex
plained them at some length in the third Book of the Principles of
Geology, where the causes of the successive extinction of species are
considered. It will be there seen that each local cli;uige in (liIflhLtC and
rliysieal geography is attcii&led wtli the irnnieilui(e increase of certain
species, and the limitation of the range of others. A revolution thus
:tlcted is rarely, if .VI." eonhned to :i limited sp:tce, or to one geograph

8
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ical province of animals or plants, but affects several other surrounding

and contiguous provinces.
In each of these, moreover, analogous alter

ations of the stations and habitations of species are simultaneously in

progress, reacting in the manner already alluded to on the first province.

Hence, long before the geography of any particular district can be essen

tially altered, the flora and fauna throughout the world will have been

materially modified by countless disturbances in the mutual relation of

the various members of the organic creation to each other. To assume

that in one large area inhabited exclusively by a single assemblage of

species any important revolution in physical geography can be brought

about, while other areas remain stationary in regard to the position of

land, and sea, the height of mountains, and so forth, is a most improba

ble hypothesis, wholly opposed to what we know of the laws now

governing the aqueous and igneous causes. On the other hand, even

were this conceivable, the communication of heat and cold betwee dif

ferent parts of the atmosphere and ocean is so free and rapid, that the

temperature of certain zones cannot be materially raised or lowered

without others being immediately affected; and the elevation or dimi

nution in height of an important chain of mountains or the submergence
of a wide tract of land would modify the climate even of the antipodes.

It will be observed that in the foregoing allusions to organic remains,

the testacea or the shell-bearing mollusca are selected as the most useful
and convenient class for the purposes of general classification. In the
first place, they are more universally distributed through strata of every
age than any other organic bodies. Those families of fossils which are
of rare and casual occurrence are absolutely of no avail in establishing
a chronological arrangement. If we have plants alone in one group of
strata and the bones of mammalia in another, we can draw no conclusion

respecting the affinity, or discordance of the organic beings of the two
epochs compared; and the same may be said if we have plants and
vertebrated animals in one series and only shells in another. Although
corals are more abundant, in a fossil state, than plants, reptiles, or fish,
they are still rare when contrasted with shells, especially in the European
tertiary formations. The utility of the testacca is, moreover, enhanced
by the circumstance that some forms are proper to the sea, others to the
land, and others to freshwater. Rivers scarcely ever fail to carry down
into their deltas some land shells, together with species which are at

fonce
fluviatile and lacustrine. By this means we learn what terrestrial

reshwater, and marine species coexisted at particular eras of the past;'and having thus identified strata formed in seas with others which originated
contemporaneously in inland lakes, we are then enabled to advance

fa
Step farther, and show that certain quadrupeds or aquatic plants, foundOssil in laeustrjn formations, inhabited the globe at the same periodwhen certain fish, reptiles, and zoophytes lived in the ocean.
Among other clmractei of the inolluscous animals, which render(hem extremely valuable in settling chronological questions in geology,may be mentioned, first, the wide geographical range of many species
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and, secondly, what is probably a consequence of the former, the great

duration of species in this class, for they appear to have surpassed in

longevity the greater number of the mammalia and fish. Had each

species inhabited a very lithitcd space, it could never, when imbedded in

strata, have enabled the geologist to identify deposits at distant points;

or had they each lasted but for a brief period, they could have thrown

no light on the connection of rocks placed far from each other in the

chronological, or, as it is often termed, vertical series.

Many authors have divided the European tertiary strata into three

groups-lower, middle, and upper; the lower comprising the oldest

formations of Paris and London before-mentioned; the middle those of

Bourdeaux and Touraine; and the upper all those newer than the mid

dle group.
When engaged in 1828 in preparing my work on the Principles of

Geology, I conceived the idea of classing the whole series of tertiary
strata in four groups, and endeavoring to find characters for each, ex

pressive of their different degrees of affinity to the living fauna. With

this view, I obtained information respecting the specific identity of many

tertiary and recent shells from several Italian naturalists, and among
others from Professors Bonelli, Guidotti, and Costa. Having in 1829

become acquainted with M. Deshayes, of Paris, already well known by
his conchological works, I learnt from him that he had arrived, by inde

pendent researches, and by the study of a large collection of fossil and

recent shells, at very similar views respecting the arrangement of tertiary
formations. At my request he drew up, in a tabular form, lists of all

the shells known to him to occur both in some tertiary formation and in

a living state, for the express purpose of ascertaining the proportional
number of fossil species identical with the recent which characterized

successive groups; and this table, planned by us in common, was pub
lished by me in 1833.* The number of tertiary fossil shells examined

by II. Deshayes was about 3000; and the recent species with which they
had been compared about 5000. The result then arrived at was, that

in the lower tertiary strata, or those of London and Paris, there were

about 3. per cent. of species identical with recent; in the middle ter

tiary of the Loire and Gironde about 17 per cent.; and in the upper
tertiary or Subapennine beds, from 35 to 50 per cent. In formations

still more modern, some of which I had particularly studied in Sicily,
where they attain a vast thickness and elevation above the sea, the nurn
bRr of species identical with those now living was believed to be from

00 to 95 per cent. For the sake of clearness and brevity, I proposed
to give short technical names to these four groups, or the periods to
which they respectively belonged. I called the first or oldest of them
Eocene, the second Miocene, the third Older Pliocene, and the last or
fourth Newer Pliocene. The first of the above terms, Eocene, is derived
from 'cc, eos, dawn, and x&ivog, cainos, recent, because the fossil shells of

See Priiic. of (JeoL vol. iU. lst ed.



this period contain an extremely small proportion, of living species, which- 
may bo loobed upon. as indicating (ho dawn of the existing state of tha  
testaceow fauna, no recent species having bcon detected in tho older or 
secondary rocks. 

~ 1 , ~  Uiocent (from (MIOW, meion, kas, aud xaivos, cainos, recent) 
is intended to express a minor proportion of recent species (of testacea), 
tlis tern Pliocene (from whemv, pleion, wore, nnd xaivo~,  winos, recent] a 
comparative plurality of the SBUIO. It mny assist the mcmov of stu- 
dents to remind them, that the Mtoceno contain a minor proportionR and 
Pliocene a comparative plurnlity of recont species ; and that tho p a t o r  
number of 1zecn6 species always implies (lie more modem origin of the 
strata. 

It has somet1mcs been objectcd to this nomcncTnt~~ro that cwtftln spe" 
cies of infusoria found in the chalk arc still cxistiug. and, on the other 
hand, tho Sfioccuo and Older Pliocene deposits often contain tho remains 
of mammalia, reptiles, and fell, exclusively of criiuct species. But the 
render must beat in mind that tho toms Eocene, Miocene, and Pliocene 
were originally invented, with reference purely to conchological data, and 
in that ssnso haw always been and or0 still used by mc. 

The distribution of the fossil species from which tho results before men- 
tioned wore obtained in 1830 by M. Desbnyes was ns follows :- , 

In the formatiom of blie Pliocene periods, older ftod newer - W 
In the Miocene - - - - - - 1021 
In tho Eoccno - - - - 123s - 

3030 - 
Since the year 1830, the number of new liring species obtained 

from different parts of the glob0 has been exceedingly great, supplying 
fresh data for comparison, and enabling tho paleontologist to correct 
many erroneous identifications of fossil aad recent forms. New 8p&- 
cies also have bccn collected in abundance from mtiq formations of 
c w y  age, 1vTiik b d y  discovered groups of strata havo fiucd up gaps 
in tha proviousl~ known E E ~ O S .  Eencn modificatiom nnd reforms have 
been called for in die classificntion first proposed. The Eocene, Miocene, 
and "Pliocene periods have been made to comprehend certnin seta of 

of which the fossils do not always conform strictly in the propor- 
tion of recent t o  extinct species with, tho defiiutions first given by me, or 
which are implied in tlio etymology of those terms. Of these and other 
innovations 1 shall treat more fully in the 14th and 16th chapters. 

I adopted the term Post-Pliocene for those strata which 
somehm- called post-tertiary or modern, nad which are characterized 
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by having all the imbedded fossil shells identical with species how living,

whereas even the Newer Pliocene, or newest of the tertiary deposits

above alluded to, contain always some small proportion of shells of ex

tinct species.
These modern formations, thus defined, comprehend not only those

strata which can be shown to have originated since the earth was inhab

ited by man, but also deposits of far greater extent and thickness, in

'which no signs ofman or his works can be detected. In some of these,

of a date long anterior to the times of history and tradition, the bones

of extinct quadrupeds have been met with of species which probably
never co-existed with the human race, as, for example, the mammoth,

mastodon, megatheriurn, and others, and yet the shells are the same as

those now living.
That portion of the post-pliocene group which belongs to the human

epoch, and which is sometimes called Recent, forms a very unimportant
feature in the geological structure of the earth's crust. I have shown,

however, in "The Principles," where the recent changes of the earth

illustrative of geology are described at length, that the deposits
accumu-latedat the bottom of lakes and seas within the last 4000 or 5000 years
can neither be insignificant in volume or extent. They lie hidden, for

the most part, from our sight; but we have opportunities of examining
them at certain points where newly gained land in the deltas of rivers

has been cut through during floods, or where coral reefs are growing

rapidly, or where the bed of a sea or lake has been heaved up by sub

terranean movements and laid dry. Their age may be recognized either

by our finding in them the bones of man in a fossil state, that is to say,
imbedded in them by natural causes, or by their containing articles fab

ricated by the hands of man.
Thus at Puzzuohi, near Naples, marine strata are seen containing frag

ments of sculpture, pottery, and the remains of buildings, together with

innumerable shells retaining in part their color, and of the same species
as those now inhabiting the Bay of Bai. The uppermost of thce

beds is about 20 feet above the level of the sea. Their emergence can

be proved to have taken place since the beginning of the sixteenth cen

tury.* Now here, as in almost every instance where any alterations of

level have been going on in historical periods, it is found that rocks contain

ing shells, all, or nearly :ill, of which still inhabit the neighboring sea, may
be traced for some distance into the interior, and often to a considerable

elevation above the level of the sea. Thus, in the country round Na

ples, the post-pliocene strata, consisting of clay and horizontal beds of
volcanic tuff, rise at certain points to the height of 1500 feet. Although
the marine shells are exclusively of living species, they are not accom

panied like those on the coast at. Puzzuoli by any traces of man or his
works. Had any such been discovered, it would have aflbrded to the

antiquary and geologist matter of great surprise, since it would have

* See Principles, Index, "Serapi."
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shown that man was an inhabitant of that part of the globe, while the

materials composing the present hills and plains of Campania were still

in the progress of deposition at the bottom of the sea; whereas we

know that for nearly 3000 years, or from the times of the earliest Greek

colonists, no material revolution in the physical geography of that part

of Italy has occurred.

In Isehia, a small island near Naples, composed in like manner or

marine and volcanic formations, Dr. Phiippi collected in the stratified

tuff and clay ninety-two species of shells of existing species. In the

centre of Ischia, the lofty bill called Epomeo, or San Nicola, is composed

of greenish indurated tuft', of a prodigious thkkness, interstratified in

some parts with marl, and here and there with great beds of solid lava.

Visconti ascertained by trigonometrical measurement that this mountain

was 2005 feet above the level of the sea. Not far from its summit, at

the height of about 2000 feet, as also near Moropano, a village only 100

feet lower, on the southern declivity of the mountain, I collected, in

1828, many shells of species now inhabiting the neighboring gulf. It

is clear, therefore, that the great mass of Epoineo was not only raised to

its present height, but was also formed beneath the waters, within the

post-pliocene period.
It is a fact, however, of no small interest, that the fossil shells from

these modern tuffs of the volcanic regions surrounding the Bay of Bai,

although none of them extinct, indicate a slight want of correspondence
between the ancient fauna and that now inhabiting the Mediterranean.

Philippi informs us that when he and M. Scacchi had collected ninety
nine species of them, he found that only one, Fecten medius, now living
in the Red Sea, was absent from the Mediterranean. Notwithstanding
this, ho adds, "the condition of the sea when the tufaceous beds were
deposited must have been considerably different from its present state;
for Tellina striata was then common, and is now rare; Lucina spinosa
was both more abundant and grew to a larger size; Lucina fragilis,
now rare, and hardly measuring 6 lines, then attained the enormous
dimensions of 14 lines, and was extremely abundant; and Ostrea la
mellosa, Broc., no longer met with near Naples, existed at that time,
and attained a size so large that one lower valve has been known to
measure 5 inches 9 lines in length, 4 inches in breadth, 1- inch in thick
ness, and weighed 26 ounces."

There are other parts of Europe where no volcanic action manifsts
itself at the surface, as at Naples, whether by the eruption of lava or by
earthquakes, and yet where the land and bed of the adjoining sea are
undergoing upheaval. The motion is so gradual as to be insensibh to
the inhabitants, being only ascertainable by careful scientific measurements compared after long intervals. Such an upward movement ha2been proved to be in progress in Norway and Sweden throughout anarea about 1000 miles N. and S., and for an unknown distance E and

* Geol. Quart.. Journ. vol. ii Memoirs, p. 15.
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W., the amount of elevation always increasing as we proceed towards

the North Cape, where it may equal 5 feet in a century. If we could

assume that there had been an average rise of 2 feet in each hundred

years for the last fifty centuries, this would give an elevation of 125 feet

in that period. In other words, it would follow that the shores, and a

considerable area of the former bed of the Baltic and North Sea, had

been uplifted vertically to that amount, and converted into land in the

course of the last 5000 years. Accordingly, we find near Stockholm, in

Sweden, horizontal beds of sand, loam, and marl containing the ime

peculiar assemblage of testacea which now live in the brackish waters

of the Baltic. Mingled with these, at different depths, have been de
tected various works of art implying a rude state of civilization, and
some vessels built before the introduction of iron, the whole marine
formation having been upraised, so that the upper beds are now 60 feet

higher than the surface of the Baltic. In the neighborhood of these
recent strata, both to the northwest and south of Stockholm, other

deposits similar in thineral composition occur, which ascend to greater
heights, in which precisely the same assemblage of fossil shells is met
with, but without any intermixture of human bones or fabricated articles.
On the opposite or western coast of Sweden, at Uddevalla, post-plio

cene strata, containing recent shells, not of that brackish water character

peculiar to the Baltic, but such as now live in the northern ocean, ascend
to the height of 200 feet; and beds of clay and sand of the same age
attain elevations of 300 and even '700 feet in Norway, where they have
been usually described as "raised beaches." They are, however, thick

deposits of submarine origin, spreading far and wide, and filling valleys
in the granite and gneiss, just as the tertiary formations, in different

parts of Europe, cover or fill depressions in the older rocks.
It is worthy of remark, that although the fossil fauna characterizing

these upraised sands and clays consists exclusively of existing northern

species of testacea, yet, according to Lov6n (an able living naturalist of

Norway), the species do not constitute such an assemblage as now in
habits corresponding latitudes in the German Ocean. On the contrary,
they decidedly represent a. more arctic fauna.* In order to find the
same species flourishing in equal abundance, or in many cases to find
them at all, we must go northwards to higher latitudes than Uddevalla
in Sweden, or even nearer the pole than Central Norway.

Judging by the uniformity of climate now prevailing from century to
century, and the insensible rate of variation in the organic world in our
own times, we may presume that an extremely lengthened period was

required even for so slight a modification of the molluscous fauna, as
that of which the evidence is here brought to light. Oil the other hand,
we have every reason for inferring on independent grounds (namely, the
rate of upheaval of land in modern times) that the antiquity of the

deposits in question must be very great. For if we assume, as before

* Quart. Geol. Journ. 4 Mews. p. 48
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suggested, that the mean rate of continuous vertical elevation has

amounted to 2 feet in a century (and this is probably a high average),

it would require 27,500 years for the sea-coast to attain the height of

700 feet, without making allowance for any pauses such as are now ex

perienced in a large part of Norway, or for any oscillations of level.

In England, buried ships have been found in the ancient and now

deserted channels of the Rother in Sussex, of the Mersey in Kent, and

the Thames near London. Canoes and stone hatchets have been dug

up, in almost all parts of the kingdom, from peat and shell-marl; but

there is no evidence, as in Sweden, Italy, and many other parts of the

world, of the bed of the sea, and the adjoining coast, having been up
lifted bodily to considerable heights within the human period. Recent

strata hare been traced, along the coasts of Peru and Chili, inclosing
shells in abundance, all agreeing specifically with those now swarming in

the Pacific. In one bed of this kind, in the island of San Lorcnzo, near

Lima, Mr. Darwin found, at the altitude of 85 feet above the sea, pieces
of cotton-thread, plaited rush, and the head of a stalk of Indian coin,

the whole of which had evidently been imbedded with the shells. At

the same height on the neighboring mainland, he found other signs cor

roborating the opinion that the ancient bed of the sea had there also
been uplifted 85 feet, since the region was first peopled by the Peruvian
race.* But similar shelly masses are also met with at. much higher
elevations, at innumerable points between the Chulian and Peruvian
Andes and the sea-coast., in which no human remains were ever, or in
all probability ever will be, discovered.

In the West Indies, also, in the island of Guadaloupe, a solid lime
stone occurs, at the level of the sea-beach, enveloping human skeletons.
The stone is extremely hard, and chiefly composed of comminuted shell
and coral, with here and there some entire corals and shells, of species
now living in the adjacent ocean. With them are included arrow-heads,
fragments of pottery, and other articles of human workmanship. A
limestone with similar contents has been formed, and is still forming, in
St. Domingo. But there are also more ancient rocks in the West Indian
Archipelago, as in Cuba, near the Havana, and in other islands, in
which a? shells identical with those now living in corresponding lati
tudes; some well-preserved, others in the state of casts, all referable to
the post.-pliocene period.

I have already described, in the seventh chapter, p. 84, what would be-
ale efFects of oscillations and changes of level in any region drained bya great river and its tributaries, supposing the area to be first depressedseveral hundred feet, and then re-elevated. I believe that such changesin the relative level of land and sea have actually occurred in the
post-Plioceneera in the hydrograpliieal basin of the Mississippi and in thatof the Rhine. The accumulation of finviatile matter in a delta duringa slow subsidence may raise the newly gained land superficially at the

* Journal, p. 451.
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same rate at which its foundations sink, so that these may go down hun

dreds or thousands of 'feet perpendicularly, and yet the sea bordering the

delta may always be excluded, the whole deposit continuing to be terres

trial or freshwater in character. This appears to have happened in the

deltas both of the Po and" Ganges, for recent artesian borings, penetrating

to the depth of 400 feet, have there shown that fluviatile strata, with

shells of recent species, together with ancient surfaces of land supporting

turf mid forests, are depressed hundreds of feet below the sea level.*

Should these countries be once more slowly upraised, the rivers would

carve out valleys through, the horizontal and unconsolidated strata as they
rose, sweeping away the greater portion of them, and leaving more frag
ments in the shape of terraces skirting newly-formed alluvial plains, as

monuments of the former levels at which the rivers ran. Of this nature

are "the bluffs," or river cliffs, now bounding the valley of the Mississippi

throughout a large portion of its "course." The upper portions of these

bluffs which at Natchez and elsewhere often rise to the height of 200 feet

above the alluvial plain, consist of loani containing laud and freshwater

shells of the genera Helix, Pupa, Succinea, and Lyinnea, of the same

species as those now inhabiting the neighboring forests and swamps. In

the same loam also are found the bones of the Mastodon, Elephant, Mega

lonyx, and other extinct quadrupeds4
I have endeavored to show that the deposits forming the delta and

alluvial plain of the Mississippi consist of sedimentary matter, extend

ing over an area of 30,000 square miles, and known in some parts to be

several hundred feet deep. Although we cannot estimate correctly how

many years it may have required for the river to bring down from the

upper country so large a quantity of earthy matter-the data for such a

computation being as yet incomplete-we may still approximate to a

minimum of the time which such an operation must have taken, by as

certainig experimentally the annual discharge of water by the Mississippi,
and the mean annual amount of solid matter contained in its waters. The

lowest estimate of the time required would lead us to assign a high an

tiquity, amounting to many tens of thousands of years to the existing
delta, the origin of which is nevertheless an event of yesterday when con
trasted with the terraces formed of the loam above mentioned. The ma

terials of the blufl were produced during the first part of a great oscilla

tion of level which depressed to a depth of 200 feet a larger area than the

modern delta and plain of the Mississippi, and then restored the whole

region to its trincr position.
Loess of 11w Valley of the Rhine.-A similar succession of geograph

ical changes attended by the production of a Iluviatilo formation, singu
larly resembling that which bounds the great plain of the Mississippi,
seems to have occurred in the hydrogr:LplIieal basin of the Ifliiiie, since

See Principles, 8111 e41. pp. 260-268, 9th ed. 257-'280.
f See Principles of Geol. 9th ed., mid Lyell's Second Visit, to the U nited States,

'° " P" 257.
1-yell's Second Visit to the United States, vol. ii. chap. 84.
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the time when that basin had already acquired its present outline of hill

and valley. I allude to the deposit provincially termed loess in part of

Germany, or le1w in Alsace, filled with land and freshwater shells of

existing species. It is a finely comminuted sand or pulverulent loam of a

yellowish gray color, consisting chiefly of argillaceous matter combined

with a sixth part of carbonate of lime, and a sixth of qunrtzoso and

micaceous sand. It often contains calcareous sandy concretions or nod

ules, rarely exceeding the size of a man's head. Its entire thickness

amounts, in some places, to between 200 and 300 feet yet there are

often no signs of stratification in the mass, except here and there at the

bottom, where there is' occasionally a slight intermixture of drifted ma

terials derived from subjacent rocks. Unsolidified as it is, and of so

perishable a nature, that every strearniet flowing over it cuts out for

itself a deep gully, it usually terminates in a vertical cliff; from the sur

face of which land-shells are seen here and there to project in relief. In

all these features it presents a precise counterpart to the boss of the

Mississippi. It is so homogeneous as generally to exhibit no signs of
stratification, owing, probably, to its materials having been derived from
a common source, and having been accumulated by a uniform action.
Yet it displays in some few places decided marks of successive deposi
tion, where coarser and finer materials alternate, especially near the bot
tom. Calcareous concretions, also inclosing land-shells, are sometimes

arranged in horizontal layers. It is a remarkable deposit, from its posi
tion, wide extent, and thickness, its homogeneous mineral composition,
and freshwater origin. Its distribution clearly shows that after the great
valley of the Rhine, from Schafi'hausen to Bonn, had acquired its present
form, having its bottom strewed over with coarse gravel, a period arrived
when it became filled up from side to side with fine mud, probably de
posited during river inundations; and it is also clear that similar mud
and silt were thrown down contemporaneously in the valleys of the prin
cipal tributaries of the Rhine.

Thus, for example, it may be traced far into WUrtembcrg, up the val
ley of the Neckar, and from Frankfort, up the valley of the Main, to
above Dettelbach. I have also seen it spreading over the country of
Mayence, Eppeisheim, and Worms, on the left bank of the Rhine, and
on the opposite side on the table-land above the Bergstrasse, between
Wiesloch and Bvuchsal, where it attains a thickness of 200 feet. Near
Strasburg, large masses of it appear at the foot of the Vosges on the left
bank, and, at the base of the mountains of the Black Forest on the rightbank. The KaisettuhI, a volcanic mountain which stands in the middleof the plane of the Rhino near Froiburg, has been covered almost everywhere with this loam, as have the extinct volcanoes between Coblentzand Bonn. Near Andernach, in the Kirchweg, the loess containing theusual shells alternates with volcanic matter; and over the whole arestrewed layers of pumice, lapilli, and volcanic sand, from 10 to 15 feetthick, very much

resembling the ejections under which Pompeii liesburied. There is no passage at this tipper junction from the boss into
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the pumiceous superstratum; and this last follows the slope of the hill,

just as it would have done had it fallen in showers from the air on a

declivity partly formed of bess.
But, in general, the loess overlies all the volcanic products, even those

between Neuwied and Bonn, which have the most modern aspect; and

it has filled up in part the crater of the Roderberg, an extinct volcano

near Bonn. In 1833 a well was sunk at the bottom of this crater,

through '10 feet of loess, in part of which were the usual calcareous con

cretions.
The interstratification above alluded to, of loess with layers of pumice

and volcanic ashes, has led to the opinion that both during and since its

deposition some of the last volcanic eruptions of the Lower Eifel have
taken place. Should such a conclusion be adopted, we should be called

upon to assign a very modern date to these eruptions. This curious

point, therefore, deserves to be reconsidered; since it may possibly have

happened that the waters of the Rhine, swollen by the melting of snow
and ice, and flowing at a great height through a valley choked up with
loess, may have swept away the loose superficial scoria and pumice of
the Eifel volcanoes, and spread thorn out occasionally over the yellow
loam. Sometimes, also, the melting of snow on the slope of small vol

canic cones may have given rise to local floods, capable of sweeping down

tight pumice into the adjacent low grounds.
The first idea which has occurred to most geologists, after examining

the loess between Mayence and Basle, is to imagine that a great lake

once extended throughout the valley of the Rhine between those two

places. Such a lake may have sent off large branches up the course of

the Main, Neckar, and other tributary valleys, in all of which large
patches of loess are now seen. The barrier of the lake might be placed
somewhere in the narrow and picturesque gorge of the Rhine between

Bingen and Bonn. But this theory fails altogether to explain the phe
nomena; when we discover that that gorge itself has once been filled
with loess, which must have been tranquilly deposited in it, as also in
the lateral valley of the Lahn, communicating with the gorge. The
loess has also overspread the high adjoining platform near the village of
Plaidt above Andernacli. Nay, on proceeding farther down to the north,
we discover that the hills which skirt the great valley between Bonn and

Cologne have loess on their flanks, which also covers here and there the

gravel of the plain as far as Cologne, and the nearest rising grounds.
Besides these objections to the lake theory, the less is met with near

Basic, capping hills more than 1200 feet above the sea; so that a barrier
of land capable of separating the supposed lake from the ocean would re

quire to be, at least, as high as the mountains called the Siebeugebirge,
near Bonn, the loftiest summit of which, the Oelilberg, is 1200 feet above
the Rhine, and 1300 above the sea. It would be necessary, moreover, to

place this lofty barrier somewhere below Cologne, or precisely where the
level of the land is now lowest.

Instead, therefore, of supposing one continuous lake of sufhicient extent
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and depth to allow of the simultaneous accumulation of the bess, at various

heights, throughout the whole area where it now occurs, I formerly suggest

ed that, subsequently to the period when the countries now drained by the

Rhine and its tributaries had nearly acquired their actual form and geo

graphical features, they were again depressed gradually by a movement

like that now in progress on the west coast of Greenland.* In propor

tion as the whole district was lowered, the general fall of the waters

between the Alps and the ocean was lessened; and both the main and

lateral valleys, becoming more subject to river inundations, were partially
filled up with fluviatile silt, containing land and freshwater shells. When

a thickness of many hundred feet of loess had been thrown down slowly

by this operation, the whole region was once more uphenved gradually.

During this upward movement most of the fine loam would be carried

off by the denuding power of rains and rivers; and thus the original

valleys might have been re-excavated, and the country almost restored to

its pristine state, with the exception of some masses and patches of less
such as still remain, and which, by their frequency nd remarkable ho

mogeneousness of composition and fossils, attest the ancient continuity
and common origin of the whole. By imagining these oscillations of
level, we dispense with the necessity of erecting and afterwards removing
a mountain barrier sufficiently high to exclude the ocean from the valley
of the Rhine during the period of the accumulation of the loess.
The proportion of land shells of the genera Helix, Pupa, and Buli

nius, is very large in the boss; but in many places aquatic species ot
the genera Lymnea, Paludina, and Planorbis are also found. Thes4
may have been carried away during floods from shallow pools and
marshes bordering the river; and the great extent of marshy ground
caused by the wide overfiowings of rivers above supposed would favor
the multiplication of amphibious mollusks, such as the Succinec (fig.
106), which is almost everywhere characteristic of this formation, and is
sometimes accompanied, as near Bonn, by another species, S. amphibia
(fig. 34, p. 29). Among other abundant fossils are Helix plebela and
Pupa rn'tscorum. (See Figures.) Both the terrestrial and aquatic shells
preserved in the boss are of most fragile and delicate structure, and yet,

Fig. 100. Fig. 10?.
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they are almost invariably perfect and. uninjured. They must have been
broken to pieces had they been swept along by a violent inundation.
Even the color of some of the land-shells, as that of Helix nci!oralis, is
occasionally preserved.

Princ. of Geol. 3d edition, 1834, vol. iii. p. 414.
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Bones of vertebrated animals are rare in the loess, but those of th

mammoth, horse, and some other quadrupeds have been met with. At

the village of Binningen, and the hills called Bruder Holz, near Basle, I

found the vertebre of fish, together with the usual shells. These ver

tebre, according to M. Agassiz, belong decidedly to the Shark family,

perhaps to the genus Lamna. In explanation of their occurrence among.
band and freshwater shells, it may be stated that certain fish of,this fam

ily. ascend the Senegal, Amazon, and other great rivers, to the distance

of several hundred miles from the ocean.*
At Oannstadt, near Stuttgardt, in a valley also belonging to the hyciro-

graphical basin of the Rhine, I have seen the loess pass downwards into
beds of calcareous tuff and travertin. Several valleys in northern Ger

many, as that of the flm at Weimar, and that of the Tonna, north of
Gotha, exhibit similar masses of modern limestone filled with recent
shells of the genera .Planorbis, Lymnea, Faluclina, &c., from 50 to 80
feet thick, with a bed of loess much resembling that of the Rhine, occa

sionally incumbent on them. In these modern limestones used for build

ing, the bones of Elephas prinligenius, Rhinoceros ticliorinus, UrSUS,

pclus, Hycena spelcea, with the horse, ox, deer, and other quadrupeds,
occur; and in 1850 Mr. H. Creciner and I obtained in a quarry at Ton
na, at the depth of 15 feet, incbosd in the calcareous rock and surrounded
with dicotyledonous leaves and petrified leaves, four eggs of a snake of
the size of the largest European Coluber, which, with three others, were

lying in a series, or string.
They are, I believe, the first reptilian remains which have been met

with in strata of this age.
The agreement of the shells in these cases with recent European species

enables us to refer to a very modem period the filling up and re-excava
tion of the valleys; an operation which doubtless consumed a long period
of time, since which the mammiferous fauna has undergone a considerable

change.




*
Proceedings of Geol. Soc. No. 43, p. 221
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CHAPTER XI.

NEWER PLIOCENE PERIOD-BOULDER FORMATION.

Drift of Scandinavia, northern Germany, and Russia-Its northern origin-Not

all of the same age-Fundamental rocks polished, grooved, and scratched

Action of glaciers and icebergs-Fossil shells of glacial period-Drift of eastern

Norfolk-Associated freshwater deposit-Bent and folded strata lying on un

disturbed beds-Shells on Moel Tryfane-Ancient glacers of North Wales

Irish drift.

AMONG the different kinds of alluvium described in the seventh chapter,

mention was made of the boulder formation in the north of Europe, the

peculiar characters of which may now be considered, as it belongs in

part to the post-pliocene, and partly to the newer pliocene, period. I

shall first allude briefly to that portion of it which extends from Finland

and the Scandinavian mountains to the north of Russia, and the low

countries bordering the Baltic, and which has been traced southwards as

far as the eastern coast of England. This formation consists of mud,

sand, and clay, sometimes stratified, but often wholly devoid of stratifica

tion, for a depth of more than a hundred feet. To this unstratified form

of the deposit, the name of till has been applied in Scotland. It gen
erally contains numerous fragments of rocks, some angular and others
rounded, which have been derived from formations of all ages, both fos
siliferous, volcanic, and hypogene, and which have often been brought
from great distances. Some of the travelled blocks are of enormous
size, several feet or yards in diameter; their average dimensions increas

ing as we advance northwards. The till is almost everywhere devoid of

organic remains, unless where these have been washed into it from older
formations; so that it is chiefly from relative position that we must hope
to derive a knowledge of its age.

Although a large proportion of the boulder deposit, or "northern drift,"
as it has sometimes been called, is made up of fragments brought from a
distance, and which have sometimes travelled many hundred miles, the
bulk of the mass in each locality consists of the ruins of subjacent or
neighboring rocks; so that it is red in a region of red sandstone, white in
a chalk country, and gray or black in a district of coal and coal-shale.
The fundamental rock on which the boulder formation reposes, if it

consists of granite, gneiss, marble, or other hard stone capable of perma
nently retaining any superficial markings which may have been imprinted
upon it, is usually smoothed or polished, and exhibits parallel stiim and
furrows having a determinate direction. This -direction, both in Europeand North America, is evidently connected with the course taken by the
erratic blocks in the same district being from north to south, or if it be
20 or 30 degrees to the east or west of north, always corresponding to the
direction in which the large angular and rounded stones have travelled.
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These stones themselves also are often furrowed and scratched o more
than one side.

In explanation of such phenomena I may refer the student to what was

said of the action of glaciers and icebergs in the Principles of Geology

(ch. xv.). It is ascertained that hard stones, frozen into a moving mass of

ice, and pushed along under the pressure of that mass, scoop out long
rectilinear furrows or grooves parallel to each other on the subjacent
solid rock. (See fig. 109.) Smaller scratches and strirn are made on

Fig. 109.

/.,
Limestone polished, furrowed, and scratched by the glacier of flosenlaul, in Switzerland. (Agistz.)

a a. White streaks or scratches. caused by small grains of flint frozen Into the Ice.
b b. Furrows.

the polished surface by crystals or projecting edges of the hardest min

erals, just as a diamond cuts glass. The recent polishing and striation

of limestone by coast-ice carrying boulders even as far south as the coast
cit Denmark, has been observed by Dr. Forelihanuner, and helps its to
conceive how large icebergs, running aground on the bed of the sea, may
produce similar furrows on a grander scale. An account was given so

long ago as the year 1822, by Seoresby, of icebergs seen by him drifting
along in latitudes 600 and 700 N., which rose above the surface from
100 to 200 feet, and measured from a few yards to a mile in circumfer
ence. Many of theiii were loaded with beds of earth and rock, of such
thickness that the weight was conjectured to be from 50,000 to 100,000
tOlis.* A similar transportation of rocks is known to be in progress in
the southern hemisphere, where boulders included in ice are far more

frequent than in the north. One of theo icebergs was encountered in
1830, in mid-ocean, in the antarctic regions, many hLultlred miles from

any known land, sailing northwards, with a large erratic block firmly

Voyages in 1822,11.33.
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frozen into it. In order to understand in what manner long and straight

grooves may be cut by such agency, we must remember that these float-

ing islands of ice have a singular steadiness of motion, in consequence

of the larger portion of their bulk being sunk deep under water, so that

they are not perceptibly moved by the winds and waves even-'in- the

strongest gales. Many had supposed. that the magnitude commonly

attributed to icebergs by unscientific navigators was exaggerated, but

now it appears that the popular estimate of their dimensions has rather

fallen within than beyond the truth. Many of them, carefully measured

by the officers of the French exploring expedition of the Astrolabe, were

between 100 and 225 feet high above water, and from 2 to 5 miles in

length. Captain d'Urvllle ascertained one of them which lie saw float

ing in the Southern Ocean to be 13 miles long and 100 feet high, with

walls perfectly vertical. The submerged portions of such islands must,

according to the weight of ice relatively to sea-water, be from six to eight
times more considerable than the part 'which is visible, so that the mechan

ical power they might exert when fairly set in motion must be prodigious.*
A large proportion of these floating masses of ice is supposed not to be de

rived from terrestrial glaciers,f but to be formed at the foot of cliffs by
the drifting of snow from, the land over the frozen surface of the sea.
We know that in Switzerland, when glaciers laden with mud and stones

melt away at their lower extremity before reaching the sea, they leave
wherever they terminate a confused heap of unstratified, rubbish, called
"a moraine," composed of mud, sand, and pieces of all the rocks with
which they were loaded. We may expect therefore, to find a formation
of the same kind, resulting from the liquefaction of icebergs, in tranquil
water. But should the action of a current intervene at certain points or
at certain seasons, then the materials will be sorted as they fall, and ar

ranged in layers according to their relative weight and size. Hence there
will be passages from till, as it is called in Scotland, to stratified clay,
gravel, and sand, and. intercalations of one in the other.

I have yet to mention another appearance connected with the boulder
formation, which has justly attracted much attention in Norway and other
parts of Europe. Abrupt pinnacles and. outstanding ridges of rock are
often observed to be polished and furrowed on the north side, or on the
side facing the region from which the erratics have come; while, on the
other, which is usually steeper and often perpendicular, called the "lee
side," such superficial markings are wanting. There is usually a collec
tion on this lee-side of boulders and gravel, or of large angular fragments.In explanation we may suppose that the north side was exposed, when
still submerged, to the action of icebergs, and afterwards, when the land
was upheaved, of oas,j which ran aground upon shoals, or was packedon the beach; so that there would be great wear and tear on the sea
ward slope, while, on the other, gravel and boulders might be heaped upin a sheltered position.

..tVortltcrn origin of the OlTatics of northern EuropeT. L. ilayes, Boston Journ. Nat. lTht. 1844. f Principles, cli. xv.
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have been carried southward cannot be doubted; those of granite, for

example, scattered over large districts of Russia and Poland, agree pre

cisely in character with rocks of the mountains of Lapland and Finland;

while the masses of gneiss, syenite, porphyry, and trap, strewed over the

low sandy countries of Pomerania, Holstein, and Denmark are identical

in mineral characters with the mountains of Norway and Sweden.

It is found to be a general rule in Russia, that the smaller blocks are

carried to greater distances from their point of departure than the larger;
the distance being sometimes 800 and even 1000 miles from the nearest

rocks from which they were broken off; the direction having been from
N. W. to S. E., or from the Scandinavian mountains over the seas and
low lands to the southeast. That its accumulation throughout this area
took place in part during the post-pliocenc period is proved by its super
position at several points to strata containing recent shells. Thus, for

example, in European Russia, MM. Murchison and Dc Verueuil found in
1840, that the flat country between St. Petersburg and Archangel, for a
distance of 600 miles, consisted of horizontal strata, full 01' shells similar
to those now inhabiting the arctic sea, on which rested the boulder forma
tion, containing large erratics.
In Sweden, in the immediate neighborhood of Upsala, Iliad observed, in

1834, a ridge of stratified sand and gravel, in the midst of which occurs a

layer of marl, evidently formed originally at the bottom of the Baltic, by
the slow growth of the mussel, cockle, and other marine shells of living spe
cies, intermixed with some propel' to freshwater. The marine shells are all of
dwarfish size, like those now inhabiting the brackish waters of the Baltic;
and. the marl, in which myriads of them are imbedded, is now raised
more than 100 feet above time level of the Gulf of Botbnia. Upon the

top of this ridge repose several huge erratics, consisting of gneiss for the
most part unrounded, from 9 to 16 feet in diameter, and which must
have been brought into their present position since the time when the

neighboring gulf was already characterized by its peculiar fauna.* Here,
therefore, we have proof that the transport of erraties continued to take

place, not merely when the sea was inhabited by the existing testacea,
but when the north of Europe had already assumed that remarkable
feature of its physical geography, which separates the Baltic from the
North Sea, and causes the Gulf of Bothinia to have only one-fourth of
the saitness belonging to the ocean. In Denmark, also, recent shells
have been found in stratified beds, closely associated with the boulder

clay.
It was stated that in Russia the erratics diminished generally in size

in proportion as they are traced farther from their source. The same
observation holds true in regard to the average bulk of the Scandinavian
boulders, when we prsiic them southwards, from the south of Norway
nd Sweden through Denmark and 'West pliahia. This phenomenon is

iii perfect harmony with tile tlieiiry of ice-islands floating in a sea of

* Set.' paper the ni,tlinr. Phil. Ti,iu. 1835. p. 15.
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7ariable depth; for the heavier erratics require icebergs of a larger size

to buoy them up; and even when there are no stones frozen in, more

than seven-eighths, and often nine-tenths, of a mass of drift-ice is under

water. The greater, therefore, the volume of the iceberg, the sooner

would it impinge on some shallower part of the sea; while the smaller

and lighter floes, laden with finer mud and gravel, may pass freely over

the same banks, and be carried to much greater distances. In those

places, also, where in the course of centuries blocks have been carried

southwards by coast-ice, having been often stranded and again set afloat

in the direction of a prevailing current, the blocks will diminish in size

the farther they travel from their point of departure for two reasons: first,

because they will be repeatedly exposed to wear and tear by the action of

the waves; secondly, because the largest blocks are seldom without di

visional planes or "joints," which cause them to split when weathered.

Hence as often as they start on a fresi voyage, becoming buoyant by
coast-ice which has frozen on to them, one portion of the mass is detached

from the rest. A recent examination (in 1852) of several trains of huge
erratics in hit. 42° 50' N. in the United States, in Berkshire, on the west

ern confines of Massachusetts, has convinced inc that this cause has been

very influential both in reducing the size of erratics, and in restoring an

gularity to blocks which would otherwise be rounded in proportion to
their distance from their original starting point..
The "northern drift" of the most southern latitudes is usually of the

highest antiquity. In Scotland it rests immediately on the older rocks,
and is covered by stratified sand and clay, usually devoid of fossils, but
in which, at certain points near the east and west coast, as, for example,
in the estuaries of the Tay and Clyde, marine shells have been discovered.
The same shells have also been met with in the north, at Wick in Caith
ness, and on the shores of the Moray Frith. The principal deposit on
the Clyde occurs at the height of about 70 feet but a few shells have

Fig. 110.
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Northern shells common In the drift of the Clyde, in Scotland.

been traced in it as high as 554 feet above the sea. Although a proporSon of between 85 or go in 100 of the imbedded shells are of recent
species, the remainder are unknown; and even many which are recent
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now inhabit more northern seas, where we may, perhaps, hereafter find

living representatives of some of the unknown fossils. The distance to

which. erratic blocks have been carried southwards in Scotland, and the

course they have taken, which is often wholly independent of the present

position of bill and valley, favors the idea that ice-rafts rather than gla

ciers were in general the transporting agents. The Grampians n For

farshire and in Pertlisliire are from 3000 to 4000 fact high. To the

southward lies the broad and deep valley of Strathmore, and to the

south of this again rise the Sidlaw Hills* to the height of 1500 feet and

upwards. On the highest summits of this chain, formed of sandstone

and shale, and at various elevations, are found huge angular fragments
of mica-schist, some 3 and others 15 feet in diameter, which have been

conveyed for a distance of at least 15 miles from the nearest Grampian
rocks. from which they could have been detached. Others have been

left strewed over the bottom of the large intervening vale of St.rath

more.
Still farther south on the Pentland Hills, at the height of 1100 feet

above the sea, Mr. Maclaren has observed a fragment of mica-schist

weighing from 8 to 10 tons, the nearest mountain composed of this for

mation being 50 miles distant.f
The testaceous fauna of the boulder period, in Scotland, England, and

Ireland, has been shown by Prof. E. Forbes to contain a much smaller

number of species than that now belonging to the British. seas, and to

have been also much less rich in species than the Older Pliocene fauna

of the crag which preceded it. Yet the species are nearly all of them
now living either in the British or more northern seas, the shells of more

arctic latitudes being the most abundant and the most wide spread

throughout the entire area of the drift from north to south.

This extensive range of the fossils can by no means be explained by

imagining the mollusca of the drift to have been inhabitants of a deep
sea, where a more uniform temperature prevailed. On the contrary,

many species were littoral, and others belonged to a shallow sea, not
above 100 feet deep, and very few of them lived, according to Prof. E.

Forbes, at greater depths than 300 feet.

From what, was before stated it. will appear that the boulder formation

displays almost everywhere, in its mineral ingredients, a strange hetero

geneous mixture of the ruins of adjacent lands, with stones both angular
and rounded, which have come from points often very remote. Thus we
find it in our eastern counties, as in Norfolk, Suffolk, Cambridge, ilunt

nigdon, Bedford, Hertford, Essex, and Middlesex, containing stones from
the Silurian and Carboniferous strata, and from the Ibis, oolite, and chalk,
;ill with their peculiar fossils, together with trap, syenite, inica-schist,

granite, and other crystalline rocks. A line example of this singular
mixture extends to the very suburbs of London, lXiflg seen on the
summit of MnswilI Hill, Ifighigate. But. south (if London (lie northern

See above, section, p. 48. f Geol. FiI., &c. p. 220.
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drift is wanting, as, for example, in the Wcalds of Surrey, Kent, and

Sussex.

Jfo,follc drzft.-The drift can nowhere be studied more advantageous

I)' in England than in the cliffs of the Norfolk coast between Happisburgh

and Cromer. Vertical sections, having an ordinary height of from 50 to

70 feet, are there exposed to view for a distance of about 20 miles. The

name of dihivium was formerly given to it by those who supposed it to

have been produced by the violent action of a sudden and transient

deluge, but the term drift has been substituted by those who reject this

hypothesis. Here, as elsewhere, it consists for the most part of clay,
loam, and sand, in part stratified, in part devoid of stratification. Peb

bles, together with some large boulders of granite, porphyry, green
stone, Has, chalk, and other transported rocks, are interspersed, especially

through the till. That some of the granitic and other fragments came

from Scandinavia I have no doubt, after having myself traced the course
of the continuous stream of blocks from Norway and Sweden to Den
mark, and across the Elbe, through Westphalia, to the borders of Hol
land. We need not be surprised to find them reappear on our eastern
coast, between the Tweed and the Thames, regions not half so remote
from parts of Norway as are many Russian erraties from the sources
whence they came.
White chalk rubble, unmixed with foreign matter, and even huge

fragments of solid chalk, also occur in many localities in these Norfolk
difi. No fossils have been detected in this drift, which can positively
be referred to the era of its accumulation; but at some points it overlies
a freshwater formation containing recent shells, and at others it is blended
with the same in such a manner as to force us to conclude that both were
contemporaneously deposited.
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The ahaded portion consists of Freshwater beds.Intercalation offreshwater beds and of boulder clay and sand at Munde5ley.

This intorstratjficafion is expressed in the annexed figure, the dark mass
indicating the position of the freshwater beds, which contain much vege
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table matter, and are divided into thin layers. The imbedded shells be

long to the genera Flanorbis, Lymnea, Paludina, Unio, Cycla3, and

others, all of British species, except a minute Paludina, now inhabiting

France. (See fig. 11'l.)
The Cyclas (fig. 118) is merely a remarkable variety of the common

English species. The scales and teeth of fish of the genera Pike, Perch,

Pig. 118.

Cyclas (N8idiurn) amr(ca var.?
Tho two middle figures aro of the natural size.

Roach, and others, accompany these shells; but the species are not con

sidered by M. .Agassiz to be identical with known British or European
kinds.
The series of formations in the cliffs of eastern Norfolk, now under

consideration, beginning with the lowest, is as follows:-First, chalk;

secondly, patches of a marine tertiary formation, called the Norwich

Crag, hereafter to be described; thirdly, the freshwater beds already
mentioned; and lastly, the drift. Immediately above the chalk, or crag,
when that is present, is found here and there a. buried forest, or a stra

tum in which the stools and roots of trees stand in their natural position,
the trunks having been broken short off and imbedded with their

branches and leaves. It is very remarkable that the strata of the over

lying boulder formation have often undergone great derangement at

points where the subjacent forest-bed and chalk remain undisturbed.

There are also cases where the upper portion of the boulder deposit has

been greatly deranged, while the lower beds of the same have continued

horizontal. Thus the annexed section (fig. 119) represents a cliff about

PIg 110.
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Cliff 50 feet high between Dayton Gap aiiil Mundosloy.

50 feet high, at the bottom of which is till, or unstratified clay, contain

ing boulders having an even horizontal surface, on which repose con

formably beds of larnitiated clay and sand about 5 feet, thick, which; in
their turn, are succeeded by vertical, bent, and contorted layers of sand
and loam 20 feet thick, the whole being covered by flint gravel. Now
the curves of the variously colored beds of loose sand, loam, and pebbles
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are so complicated that not only, may we sometimes find portions of

them which maintain their verticality, to a height of 10 or 15 feet, but

they have also been folded upon themselves in such a manner that con

tinuous layers might
be thrice pierced in one perpendicular boring.

At some points there is an apparent folding of the beds round a cen"

tral nucleus, as at a, fig 120, where the strata seem bent round a small

Fig. 121

Fig. 120.

Folding of tho strata bo'.wocn East
and.WestRunton.




Section of concentric beds west of Cromer.
1. Blue cloy. 3. Yellow Band.
9. WhiLo sand. 4. Striped loam and clay.

5. Laminated blue clay.

mass of chalk; or, as in fig. 121, where the blue clay, No. 1, is in the

centre; and where the other strata, 2, 3, 4, 5, are coiled round it; the
entire mass being 20 feet in perpendicular height. This appearance of
concentric arrangement around a nucleus is, nevertheless, delusive, being
produced by the intersection of beds bent into a convex shape; and that
which seems the nucleus being, in fact, the innermost bed of the series,
which has become partially visible by the removal of the protuberant
portions of the outer layers.
To the north of Cromer are other fine illustrations of contorted drift

reposing on a floor of chalk horizontally stratified and having a level sur
face. These phenomena, in themselves sufficiently difficult of explanation,
are rendered still more anomalous by the occasional inclosure in the drift
of huge fragments of chalk many yards in diameter. One striking in
stance occurs west of Sheri'ingham, where an enormous pinnacle of chalk,
between '10 and 8I feet in height, is flanked on both sides by vertical
layers of loam, clay, and gravel. (Fig. 122.)

This chalky fragment is only one of many detached masses which have
been included in the drift, and forced along with it into their present
position. The level surface of the chalk im situ (d) may be traced for
miles along the coast, where it has escaped the violent movements to
which the incumbent drift has been exposed.*We are called upon, then, to explain how any force can have been
exerted against the upper masses, so as to produce movements in whichthe subjacent strata have not participated. It may be answered that, it

* For a full account of the drift of East Norfolk, see a paper by the authorPhil. Mug. No. 104, May, 1840.
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Fig. 121
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Included pinnacle of chalk at Old flytho point, west of ShorrIngham.
d. Chalk with regular layers of chalk flints.
o. Layer cahtoti ' tiw pate," of loose chalk, flints. and marine shells of recent

species, cemented by oNitlo of Iron.

we conceive the till and its boulders to have been drifted to their present
place by ice, the lateral pressure may have been supplied by the strand

ing of ice-Wands. We learn from the, observations of Messrs. Dense and

Simpson in the polar regions, that such islands, when they run aground,

push before them large mounds of shingle and sand. It is therefore

probable that they often cause great alterations in the arrangment of

pliant and incoherent strata forming the upper part of shoals or sub

merged. banks, the inferior portions of the same remaining unmoved.

Or many of the complicated curvatures of these layers of loose sand and

gravel may have been due to another cause, the melting on the spot of

icebergs and coast-ice in which successive deposits of pebbles, sand, ice,
snow, and mud, together with huge masses of rock fallen from cliffs, may
have become interstratified. Ice-islands so constituted often capsize when
afloat, and gravel once horizontal may have assumed, before the associa
ted ice was melted, an inclined or vertical position. The packing of ice
forced up on a coast may lead to similar derangement in a frozen con

glomerate of sand or shingle, and, as Mr. Trimmer has suggested, alter
nate layers of earthy matter may have sunk down slowly during the lique
faction of the intercalated ice, so as to assume the most fantastic and
anomalous positions, while the strata below, and those afterwards thrown
down above, may be perfectly horizontal.

There is, however, still another mode in which some of thcso bendings
may have been produced. When a railway embankment is thrown
across a marsh or across the bed of a drained lake, we frequently find
that the foundation, consisting of peat and shell-marl, or of quicksand
and mud, gives way, and sinks as fast as the embankment is raised at the

top. At the same time, there is often seen at the distance of many yards,
in some neighboring part of the morass, a .squeezing up of pliant strata,
the amount of upheaval depending on the volume and weight of mate-

* Quart Journ. Geol. Soc. vol. vii. p. 22.
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rials heaped upon the embankment. In 1852 I saw a remarkable in

stance of such a downward and lateral pressure, in the suburbs of Bostou

(U. S.), near the South Cove. With a view of converting part of an es

tuary overflowed at high tide into dry land, they had thrown into it a

vast load of stones and sand, upwards of 000,000 cubic yards in volume.

Under this weight the mud had sunk down ninny yards vertically. Mean

while the adjoining bottom of the estuary, supporting a dense growth of

salt-water plants, only visible at low tide, had been pushed gradually up

ward, in the course of many months, so as to project five or six feet above

high-water mark. The upraised mass was bent into five or six anticlinal

folds, and below the upper layer of turf, consisting of salt-marsh plants,
mud was seen above the level of high tide, full of sea shells, such as .Afyja
arenana, Afodiola plicatala, Sanguinolauia fusca, iVassa obsoicta, Na tica

triseriata, and others. In some of these curved beds the layers of shells

were quite vertical. The upraised area was '15 feet wide, and several hun

dred yards long. Were an cqtal load, melted out of icebergs or coast-ice
thrown down on the floor of a sea, consisting of soft mud and sand, similai

disturbances and contortions might result in some adjacent pliant strata,

yet the underlying more solid rocks might remain undisturbed, and newer
formations, perfectly horizontal, might be afterwards superimposed.
A buried forest has been adverted to as underlying the drift on the

coast of Norfolk. At the time when the trees grew, there must have been
dry land over a large area, which was afterwards submerged, so as to
allow a mass of stratified and unstratified drift, 200 feet and more in

ithickness,
to be superimposed. The undermining of the cliffs by the sea

n modern times has enabled its to demonstrateo) beyond all doubt, the
fact of this superposition, and that the forest was not formed along the
present coast-line. Its situation implies a subsidence of several hundred

hfeet
since the commencement of the drift period, after which there must

ave been an upheaval of the same ground; for the forest bed of Nor
folk is now again so high as to be exposed to view at many points at low
water; and this same upward movement may explain why the till,
which is conceived to have been of submarine origin, is now met with
fir inland, and on the summit of hills.
The boulder formation of the west of England, observed in Lanca-shire, Cheshire, Shropshire, Staffordshire; and Worcestershire, containsin some places marine shells of recent species, rising to various heights,from 100 to 350 feet above the sea. The evratics have come partly fromthe mountains of Cumberland; and partly from those of Scotland.But it is on the mountains of Noj"tli Wales that the "Northern drift,"with its characteristic marine fossils, reaches its greatest altitude. OnMoel Tryfhne, near the Mcmii Straits, Mr. Trimmer met with shells ofthe species eommoiihy found in the drift at the height of 1392 feet abovethe level of the sea.
It is remarkable that in the same ucighlbor1ioo where there is evidence of so great a

submergence of the land (hiring part of the glacialperidd, we have also the most decisive Proofs yet discovered in the British
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Isles of sub-aerial glaciers. Dr. Buckland published in 1842 his reasons fot

believing that the Snowdonian mountains in Caernarvonslliro were former.

ly covered with glaciers, which radiated from the central heights through
the seven principal valleys of that chain, where strke and flutings are seen

on the polished rocks directed towards as many different points of the

compass. He also described the 11 moraines" of the ancient glaciers, and

the rounded "bosses" or small flattened domes of polished rock, such as

the action of moving glaciers is known to produce in Switzerland, when

gravel, sand, and boulders, underlying the ice, are forced along over a

'foundation of hard stone. Mr. Darwin, and subsequently Prof. Ramsay,
have confirmed Dr. Buckland's views in regard to these Welsh glaciers.
Nor indeed was it to be expected that geologists should discover proofs of

icebergs having abounded in the area now occupied by the British Isles

in the Pleistocene period without sometimes meeting with the signs of

contemporaneous glaciers which covered hills even of moderate elevation

between the 50th and 00th degrees of latitude.

In Ireland the "drift" exhibits the same general characters and fossil re

mains as in Scotland and England; but in the southern part of that island,

Prof. EForbes and Capt. James found in it some shells which show that

the glacial sea eommunicated with one inhabited by a more southern fauna.

Among other species in the south, they mention at Wexford and elsewhere

the occurrence of .2'Tucula (Jobboldice (see fig. 125, p. 155) and TurrUella

incra.sata (a crag fossil); also a southern form of Fusus, and a Mitra

allied to a Spanish species.*




CHAPTER XII.

Difficulty of interpreting the phenomena ofdrift before the glacial hypothesis was

adopted-Effects of intense cold in augmenting the quantity of alluvium-.

Analogy of erratics and scored rocks in North America and Europe-Bayfleld
on shells in drift of Canada-Great subsidence and re-elevation of land from the
sea, required to account for glacial appearances-Why organic remains so rare
in northern drift-Mastodon giganteus in United States-Many shells and some

quadrupeds survived the glacial cold-Alps an independent centre of dispersion
of erratics-Alpine blocks on the Jura-Whether transported by glaciers or

floating ice-Recent transportation of crratics from the Andes to Chiloc-Me
teorite in Asiatic drift.

Fr vill appear from what was said in the last chapter of the marine
shells characterizing the boulder fi)rmation, that nine-tenths or more of
them belong to species still living. The superficial position of" the drift"

is in perfect accordance with its imbedded organic remains, leading us to

refer its origin to a modern period. If, then, we encounter so much dif

ficulty in the interpretation of monuments relating to times so near our
own-if in spite of their recent date they are involved in so much ob

scurity-the student may ask, not without reasonable alarm, how we can

hope to decipher the records of remoter ages.

Forbe, Memoirs of Geol. Survey of Great Britain, vol. i. p. 8'17.
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To remove from the mind as far as possible this natural feeling of

discouragement, I shall endeavor in this chapter to prove that what

seems most strikingly anomalous, in the "erratic formation," as some

call it, is really the result of that glacial action which has already been

alluded to. If so, it was to be expected that so long as the true origin

of so singular a deposit remained undiscovered, erroneous theories and

terms would be invented in the effort to solve the problem. These

inventions would inevitably retard the reception of more correct views

which a wider field of observation might afterwards suggest.13 115

The term" diluviuin" was for a time the popular name of the boul

der formation, because it was referred by some to the deluge, while

others retained the name as expressive of their opinion that a. series

of diluvial waves raised by hurricanes and storms, or by earthquakes, or

by the sudden upheaval of land from the bed of the sea, had swept over

the continents, carrying with them vast masses of mud and heavy

stones, and forcing these stones over rocky surfaces so as to polish and

imprint upon them long furrows and strirn.

But no explanation was offered why such agency should have been

developed more energetically in modern times than at former periods of

the earth's history, or why it should bo displayed in its fullest intensity
in northern latitudes; for it is important to insist on the fact, that the

boulder formation is a northern phenomenon. Even the southern ex

tension of the drift, or the large erratics found in the Alps and the

surrounding lands, especially their occurrence round the highest parts of

the chain, offers such an exception to the general rule as confirms the

glacial hypothesis; for it shows that the transportation of stony frag
ments to great distances, and the striation, polishing, and grooving of
solid floors of rock, are here again intimately connected with accumula
tions of perennial snow and ice.
That there is some intimate connection between a cold or northern

climate and the various geological appearances now commonly called

glacial, cannot be doubted by any one who has compared the countries
bordei'in the Baltic with those surrounding the Mediterranean. The

smoothing and striation of rocks and erraties are traced from the sea
shore to the height of 8000 feet above the level of the Baltic, whereas
such phenomena are wholly wanting in countries bordering the Mediter
ranean; and their absence is still more marked in the equatorial parts of
Asia, Africa, and America; but when we cross the southern tropic, and

breach
Chili and Patagonia, we again encounter the boulder formation,

etween the latitude"410 S. and Cape Horn, with precisely the same
characters which it assumes in Europe. The evidence as to climate
derived from the organic remains of the drift is, as we have seen, ill
perfect harmony with the conclusions above alluded to, the former habits
of the species of mollusca being accurately ascertainable, inasmuch as
they belong to species still living, and known to have at present a wide
range in northern seas.
But if we are correct in assuming that the northern hemisphere was
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considerably colder than now during the period under consideration,

owing probably to the greater area and height of arctic lands, and to the

quantity of icebergs which such a geographical state of things would

generate, it may be well td reflect before we proceed farther on the en

tire modification which extreme cold would produce in the operation of

those causes spoken of in the sixth chapter as most active in the forma

tion of alluvium. A large part of the materials derived from the detritus

of rocks, which in warm climates would go to form deltas, or would be

regularly stratified by marine currents, would, under arctic influences,

assume a superficial and alluvial character. Instead of mud being carried

farther from a coast than sand, and sand farther out than pebbles,-instead
ofdense stratified masses being heaped up in limited areas, along the borders
of continents,-nearly the whole materials, whether coarse or flue, would be

conveyed by ice to equal distances, and huge fragments, which water alone
could never move, would be borne for hundreds of miles without having
their edges worn or fractured; and the earthy and stony masses, when
melted out of the frozen rafts, would be. scattered at random over the. sub
marine bottom, whether on mountain tops or in low plains, with scarcely
any relation to the inequalities of the ground, settling on the crests or

ridges of hills in tranquil water as readily as in valleys and ravines.

Occasionally, in those deep and uninhabited parts of the ocean, never
reached by any but the finest sediment in a normal state of things, the
bottom would become densely overspread by gravel, mud, and boulders.

In. the Western Hemisphere, both in Canada and as far south as the
40th and even 38th parallel of latitude in the United States, we meet
with a repetition of all the peculiarities which distinguish the European
boulder formation. Fragments of rock have travelled for great distances
from north to south; the surface of the subjacent rock is smoothed,
striated, and fluted; unstratified mud or till containing boulders is asso
ciated with strata of loam, sand, and clay, usually devoid of fossils.
Where shells are present, they are of species still living in northern seas,
and half of them identical with those already enumerated as belonging
to European drift 10 degrees of latitude farther north. The fauna also of
the glacial epoch in North America is less rich in species than that now

inhabiting the adjacent sea, whether in the Gulf of St. Lawrence, or off
the shores of Maine, or in the Bay of Massachusetts. At the southern

extremity of its course, moreover, it presents an analogy with the drift of
the south of Ireland, by blending with a more southern fauna, as for

example at Brooklyn near New York, in hat. 410 N., where, according
to MM. Rcdfleld and Desor, Venus nzcrcenaria and other southern species
of shells begin to occur as fossils in the drift.
The extension on the American continent of the range of erratics

(luring the Pleistocene period to lower latitudes than they reached in

Europe, agrees well with the present southward deflection of the isother
mal lines, or rather the lines of equal winter temperature. It seems that

formerly, as now, a more extreme climate and a more abundant supply of

iloating ice prevailed on the western side of the . l:u,ti"
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Another resemblance between the distribution of the drift fossils in

Europe and North America has yet to be pointed out.. In Norway,

Sweden, and Scotland, as in Canada and the United States, the marine

shells are confined to very moderate elevations above the sea (between

100 and '700 feet), while the erratic blocks and the grooved and poi-

isbed surfaces of rock extend to elevations of several thousand feet.

I described in 1839 the fossil shells collected by Captain Bayfield

from strata of drift at Beauport, near Quebec, in lat. 470, and drew

from them the inference that they indicated a more northern climate,

the shells agreeing in great part with those of Uddevalla in Sweden.*

The shelly beds attain at Beaupor and the neighborhood a height of

2001 300, and sometimes 400 feet above the sea, and dispersed through
some of them are large boulders of granite, which could not have been

propelled by a violent current, because trio accompanying fragile shells

are almost all entire. They seem, therefore, said Captain Bayfield,

writing in 1838, to have been dropped down from melting ice, like

similar stones which are now annually deposited in the St. Lawrence.f
I visited this locality in 1842, and made the annexed section, fig. 123,

Pig. 123.




K, A.

K. Mr. Ryland'e house.
/. Clay and sand of higher grounds, with

Saxicava, &c.
g. Gravel with boulders.
J Mass of Sarlca ra rugo&r, 12 feet thick.
c. Sand and loam with 2Jya truncata,

&aZar1 GrwnZa,&cijca, &c.




1. Drift, with boulders of syonite, &c.
c. Yellow sand.
b. Laminated clay, 25 feet thick.
A. Horizontal lower Silurian strata.
B. Valley re-excavated.

which will give an idea of the general position of the drift in Canada
and the United States. I imagine that the whole of the valley B was
once filled up with the beds b, c, ci, e, f, which were deposited during a
period of subsidence, and that subsequently the higher country (iL) was
submerged and overspread with drift. The partial re-excavation of B
took place when this region was again uplifted above the sea to its
present height. Among the twenty-three species of fossil shells collected
by me from these beds at Beauport, all were of recent northern species,
except one, which is unknown. as living, and may be extinct (see fig.
124). I also examined the same formation farther up the valley of the
St. Lawrence, in the suburbs of Montreal, where some of the beds of
loam are filled with great numbers of the Mytilus edulis, or our common
European mussel, retaining both its valves and purple color. This shellydeposit, containing Saxicava rugosa and other characteristic marine shells,

* Ucol Trans. 2d series, vol. vi. p. 135. Mr. Smith of Jordanhjll bad arrived at.similar conclusions as to climate from the shells of the Scotch Pleistocene depositat Proceedings of Geol. Soc. No. &3, p. 110.
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Fig. 124.

0SO
A8tartd LaurentLazu.

a. Outsido. 1'. Inside of right valve. c. Left valve.

also occurs at an elevated point on the mountain of Montreal, 450 feet

above the level of the sea.*
In my account of Canada and the United States, published in 1845,

I announced the conclusion to which I had then arrived, that to explain
the position of the erratics and the polished surfaces of rocks, and their
strife and flutings, we must assume first a gradual submergence of the
land in North America, after it had acquired its present outline of lull
and valley, cliff and ravine, and then its re-emergence from the ocean.
When the land was slowly sinldng, the sea which bordered it was covered
with islands of floating ice coming from the north, which, as they
grounded on the coast and on shoals, pushed along such loose materials
of sand and pebbles as lay strewed over the bottom. By this force all

angular and projecting points were broken oft; and fragments of hard
stone, frozen into the lower surface of the ice, had power to scoop out

grooves in the subjacent solid rock. The sloping beach, as well as the
floor of the ocean, might be polished and scored by this machinery; but
no flood of water, however violent, or however great the quantity of de
tritus or size of the rocky fragments swept along by it, could produce
such long, perfectly straight and parallel furrows, as are everywhere visi
ble in the Niagara district, and generally in the region north of the 40th

parallel of Iatitude.f
By the hypothesis of such a slow and gradual subsidence of the land

we may account for the fact that almost everywhere in N. America and
Northern Europe the boulder formation rests on a polished and furrowed
surface of rock,-a fact by no means obliging us to imagine, as some
think, that the polishing and grooving action was, as a whole, anterior in
date to the transportation of the erratics. During the successive depres
sion of high land, varying originally in height from 1000 to 3000 feet
above the sea-level, every portion of the surface would be brought down

by turns to the level of the ocean, so as to be converted first into a coast
line, and then into a shoal; and at length, after being well scored by the
stranding upon it, year after year, of large masses of coast-ice, and occa
sional icebergs, might be sunk to a depth of several hundred fathoms. By
the constant depression of land, the coast would recede farther and farther
from the successively formed zones of polished and striated rock, each outer
zone becoming in its turn so deep under water as to be no longer grated upon
by the heaviest icebergs. Such sunken areas would then simply serve as
receptacles of mud, sand, and boulders dropped from inciting ice, perhaps

Travels in N. America, vol. ii. p. 1!1. f Ibid. p. 9i, chap. XL
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to a depth scarcely, if at all inhabited by testacea. and zoophytes. Mean

while, during the formation of the unstratified and unfossilif'erous mass in

deeper water, the smoothing and furrowing of shoals and beaches would

still go on elsewhere upon and near the coast in full activity. It' at length

the subsidence should cease, and the direction of the movement of the earth's

crust be reversed, the sunken area covered with drift would 1)0 slowly re

converted into land. The boulder deposit, before emerging, would then for

a time be brought within the action of the waves, tides, and currents, so that

its upper portion, being partially disturbed, would have its materials re

arranged and stratified. Streams also flowing from the land would in

some places throw down layers of sediment upon the till. In that case,

the order of superposition will be, first and uppermost, sand, loam, and

gravel occasionally fossiliferous; secondly, an unstratified and uufossilifcx

ous mass, called till, for the most part of much older date than the pre

ceding, with angular erratics, or with boulders interspersed; and, thirdly,
beneath the whole, a surface of polished and furrowed rock. Such a

succession of events seems to have prevailed very widely on both sides

of the Atlantic, the travelled blocks having been carried in general from

the North Pole southwards, but mountain chains having in some cases

served as independent centres of dispersion, of which the Alps present
the most conspicuous example.

It is by no means rare to meet with boulders imbedded in drift which
are worn flat on one or more of their sides, the surface being at the same
time polished, furrowed, and striated. They may have been so shaped
in a glacier before they reached the sea, or when they were axed in the
bottom of an icebrg as it ran aground. We learn from Mr. Charles
Martins that the glaciers of Spitzbergen project from the coast into a sea
between 100 and 400 feet deep; and that numbers of striated pebbles
or blocks are there seen to disengage themselves from the overhanging
masses of ice as they melt, so as to fall at once into deep water.
That they should retain such markings when again upraised above the

sea ought not to surprise us, when we remember that rippled sands, and
the cracks in clay dried between high and low water, and the foot-tracks
of animals and rain-drops impressed on mud, and other superficial
markings, are all found fossil in rocks of various ages.
On the other hand, it is not difficult to account for the absence in

many districts of striated and scored pebbles and boulders in glacial
deposits, for they may have been exposed.to the action of the waves on
a coas while it was sinking beneath or rising above the sea. No shingle

fon
an ordinary sea-beach exhibits such strim, and at a very short distance

rOM the termination of a glacier every stone in the bed of the torrentwhich gushes out from the melting ice is found to have lost its glacialmarking's by being rolled for a distance even of a few hundred yards.Time usual dearth of fossil shells in glacial clays well fitted to preserveOrganic remains may, perhaps, be owing, as already hinted, to the

* Bulletin Sue. Gaol. de France, torn. iv 2do sr. p. 1121.
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absence of testacea in the deep sea, where the undisturbed accumulation
of boulders melted out of coast-ice and icebergs may take place. In the

iEgean and other parts of the Mediterranean, the zero of animal life,

according to Prof. E. Forbes, is approached at a depth of about 300

fathoms. In tropical seas it would descend farther down, just as vegeta
tion ascends higher on the mountains of hot countries. Near the pole,
on the other hand, the same zero would be reached much sooner both

on the hills and in the sea. If the ocean was filled with floating bergs,
and a low temperature prevailed in the northern hemisphere during the

glacial period, even the shallow part of the sea might have been unin
habitable, or very thinly peopled with living beings. It may also be
remarked that the melting of ice in some fords in Norway freshens the
water so as to destroy marine life, and famines have been caused in Ice
land by the stranding of icebergs drifted from the Greenland coast,
which have required several years to melt, and have not only injured the

bay harvest by cooling the atmosphere, but have driven away the fish
from the shore by chilling and freshening the sea.

If the cold of the glacial epoch came on slowly, if it was long before
it reached its greatest intensity, and again if it abated gradually, we may
expect to find the earliest and latest formed drift less barren of organic
remains than that deposited during the coldest period. We may also

expect that along the southern limits of the drift during the whole gla
cial epoch, there would be an intimate association of transported matter
of northern origin with fossil-bearing sediment, whether marine or fresh
water, belonging to more southern seas, rivers, and continents.
That in the United States, the Mastodon gigan teds was very abundant

after the drift period is evident from the fact that entire skeletons of this
animal are met with in bogs and lacustrine deposits occupying hollows
in the drift. They sometimes occur in the bottom even of small ponds
recently drained by the agriculturist for the sake of the shell marl. I ex
amined one of these spots at Genesco in the state of New York, from
whiclf the bones, skull, and tusk of a Mastodon had been procured in
the marl below a layer of black peaty earth, and ascertained that all the
associated freshwater and land shells were of a species now common in
the same district. They consisted of several species of Lyinnea, of Pla
norMs bicarinatus, Physa lwterostroplza, &c.

In 1845 no less than six skeletons of the same species of Mastodon
were found in Warren county, New Jersey, 0 feet below the surface, by
a farmer who was digging out the rich mud from a small pond which
he had drained. Five of these skeletons verc lying together, and a large
part of the bones crumbled to pieces as soon as they were exposed to the
air. But nearly the whole of the other skeleton, which lay about 10
feet apart from the rest, was preserved entire, and proved the correctness
of Cuvier's conjecture respecting this extinct animal, namely, that it
had twenty ribs like the living elephant. From the clay in the interior
within the ribs, just where the contents of the stomach might naturally
have been looked fur, seven buslids of vegetable matter were extracted.
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I submitted some of this matter to Mr. A. Heufrey, of London, for

microscopic examination, and be informs nic that it consists of pieces of

small twigs of a coniferous tree of the Cypress family, probably the young

shoots of the white cedar, Thuja occidcnalis, still a native of North

America, on which therefore we may conclude that this extinct Mastodon

once fed.
Another specimen of the same quadruped, the most complete and

probably the largest ever found, was exhumed in 1845 in the town of

Newburg, New York, the length of the skeleton being 25 feet, and it'

height 12 feet. The anchylosing of the last two ribs on the right side

afforded Dr. John 0. Warren a true gauge for the space occupied by the

intervertebrate substance, so as to enable him to form a correct estimate

of the entire length. The tusks when discovered were 10 feet long, but

a part only could be preserved. The large proportion of animal matter

in the tusk, teeth, and bones of some of these fossil mammalia is truly

astonishing. It amounts in some cases, as Dr. 0. T. Jackson has ascer
tained by analysis, to 27 per, cent., so that when all the earthy ingre
dients are removed by acids, the form of the bone remains as perfect,
and the mass of animal matter is almost as firm, as in a recent bone

subjected to similar treatment.
It would be rash, however to infer from such data that these quadru

peds were mired in modern times, unless we use that term strictly in a

geological sense. I have shown that there is a fluviatile deposit in the
valley of the Niagara, containing shells of the genera .A[clania, Lymnea,
Planorbis, Valvata, Uycla.s, Unio, ..ffclLr, &e., all of recent species, from
which the bones of the great Mastodon have been taken in a very perfect
state. Yet the whole excavation of the ravine, for many miles below
the Falls, has been slowly effected since that fluviatile deposit was thrown
down.
Whether or not, in assigning a period of more than 30,000 years for

the recession of the Falls from Queeiistown to their present site, I have
over or under estimated the time required for that operation, no one can
doubt that a vast number of centuries must have elapsed before so great
a series of geographical changes were brought about as have occurred
since the entombment of this elephantine quadruped. The freshwater
gravel 'which incloses it is decidedly of much more modern origin than
the drift or boulder clay of the same region.*

Other extinct animals accompany the Mastodon giganteus in the post-
glacial deposits of the United States, among which the Uastoroicles old-
OCflsis, Foster and Wyman a huge rodent allied to the beaver, and the
Capybara may be mentioned. But whether the 11 loess," and other
freshwater and marine strata of the Southern States, in which skeletons

Mof
the same Mastodon are mingled with the bones of the Alegatherium,ylodon2 and Megalonyx, were contemporaneous with the drift, or wereof subsequent date, is a chronological question still open to discussion.

0 Sec Travels in N. America, vol. I. chap. ii., tind Principles of Geol. chap xiv.
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It appears clear, however, from what we know of the tertiary fossils of

Europe-and I believe the same will bold true in North America-that

many species of testacea and some mammalia, which existed prior to the

glacial epoch, survived that era. As European examples among the warm

blooded quadrupeds, the Elepitas prirnigenius and Rhinoceros tichorznus

may be mentioned. As to the shells, whether freshwater, terrestrial, or

marine, they need not be enumerated here, as allusion will be made to

them in the sequel, when the pliocene tertiary fossils of Suffolk are

described. The fact is important, as refuting the hypothesis that the

cold of the glacial period was so intense and universal as to annihilate

all living creatures throughout the globe.
That the cold was greater for a time than it is now in certain parts of

Siberia, Europe,and North America, will not be disputed; but, before
we can infer the universality of a colder climate, we must ascertain what
was the condition of other parts of the northern, and of the whole south
ern, hemisphere at the time when the Scandinavian, British, and Alpihe
erratics were transported into their present position. It must not be for

gotten that a great deposit of drift and erratic blocks is now in full pro
gress of formation in the southern hemisphere, in a zone corresponding
in latitude to the Baltic, and to Northern Italy, Switzerland, France. and

England. Should the uneven bed of the southern ocean be hereafter
converted by upheaval into land, the hills and valleys will be strewed
over with transported fragments, some derived from the antarctic conti
nent, others from islands covered with glaciers, like South Georgia, which
must now be centres of the dispersion of drift, although situated in
a Latitude, agreeing with that of the Cumberland mountains in Eng
land.
Not only are these operations going on between the 4th and 60th

parallels of latitude south of the line, while the corresponding zone of

Europe is free from ice; but., what is still more worthy of remark, we
find in the southern hemisphere itself, only 000 miles distant from South

Georgia, where the perpetual snow reaches to the sea-beach, lands covered
with forests, as in Terra dcl Fuego. There is hero no difference of lati
tude to account for the luxuriance of vegetation in one spot, and the
absolute want of it in the other; but among other refrigerating causes
in South Georgia may be enumerated the countless icebergs which float
from the antarctic zone, and which chill, as they melt, the waters of the
ocean, and the surrounding air, which they fill with dense fogs.

I have endeavored in the "Principles of Geology," chapters and 8,
to point out the intimate connection of climate and the physical
geogra-phyof the globe, and the dependence of the mean annual temperature,
not only on the height, of the dry land, but on its distribution in high
or low latitudes at particular C1)OCIIS. If, for example, at certain Periods
of the past, the antarctic land was less elc"vatei.l and less extensive than
now, while that at the north pole was higher and more continuous, the
conditions of the northern and sotithiei lu'Iiiisllit.re ]niht have been
the reverse of what we 1,0W witness in regard tu (!Ii mate. although the

I 'I
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mountains of Scandinavia, Scotland, and Switzerland, may have been

less elevated than at present. But if in both of the polar regions a

considerable area of elevated dry land existed, such a concurrence of re

frigerating conditions in both hemispheres might have created for a time

an intensity of cold never experienced since; and such probably was the

state of things during that period of submergence to which I have

alluded in this chapter.

Alpine crraiics.-Although the arctic regions constitute the great

centre from which erratics have travelled southwards in all directions in

Europe and North America, yet there are some mountains, as I have

already stated, like those of North Wales and the Alps, which have

served as separate and independent centres for the dispersion of. blocks.

In illustration of this fact, the Alps deserve particular atkntion, not only
from their magnitude, but because they lie beyond the ordinary limits of

the "northern drift" of Europe, being situated between the 44th and
4th degrees of north latitude. On the flanks of these mountains, and
on the Subalpine ranges of hills or plains adjoining them, those appear
ances which have been so often alluded to, as distinguishing or accom

panying the drift, between time 50th and '70th parallels of north latitude,

suddenly reappear, to assume in a more southern country their most

exaggerated form. Where the Alps are highest, the largest erratic blocks
have been sent forth, as, for example, from the regions of Mont Blanc
and Monte Rosa, into the adjoining parts of France, Switzerland, Austria,
and Italy, while in districts where the great chain sinks in altitude, as
in Carinthia, Carniola, and elsewhere, no such rocky fragments, or a
few only, and, of smaller bulk, have been, detached and transported to a
distance.

In the year 1821, M. Venetz first announced his opinion that the
Alpine glaciers must formerly have extended far beyond their present
limits, and the proofs appealed to by him in confirmation of this doctrine
were afterwards acknowledged by M. Charpentier, who strengthened
them by new observations and arguments, and declared, in 1836, his
conviction that the glaciers of the Alps must once have reaohcd as far
as the Jura, and have carried thither their moraines across the great
valley of Switzerland. N. Agasiz, after several excursions in the Alpswith N. Charpentier, and after devoting himself some years to the studyof glaciers, published, in 1840, an admirable description of them, and
of the marks which attest the former action of great masses of ice over
the entire surface of the Alps and the surrounding country.* He pointedout that time surface of every large glacier is strewed over with graveland stones detached from the surrounding precipices by frost, rain, lightning, or avalanches And he described more carefully than precedingwriters the long lines of these stones, which settle on the sides of this
glacier, and are called the lateral moraines; those found at the lowerend of the ice being called terminal moraines. Such heaps of earth and

Agnsi; tud tu. Ie 1Iaekz", and Systorne G1aeire.
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boulders every glacier pushes before it when advancing, and leaves

behind it when retreating. When the Alpine glacier reaches a lower

and warmer situation, about 3000 or 4000 feet above the sea, it melts

so rapidly that, in spite of the downward movement of the mass, it can

advance no farther. Its precise limits are variable from year to year,
and still more so from century to century; one example being on record

of a recession of half a mile in a single year. We also learn from M.

Venetz, that whereas, between the eleventh and fifteenth centuries, all

the Alpine glaciers were less advanced than now, they began in the

seventeenth and eighteenth centuries to push forward so as to cover
roads formerly open, and to overwhelm forests of ancient growLb.

These oscillations enable the geologist to note the marks which a gla
cier leaves behind it as it retrogrades, and among these the most promi
nent, as before stated, are the terminal moraines, or mounds of unstrati
fled earth and stones, often divided by subsequent floods into hillocks,
which cross the valley like ancient earth-works, or embankments made
to darn up a river. Some of these transverse barriers were formerly
pointed out by Saussure below the glacier of the Rhone, as proving how
far it had once transgressed its present boundaries. On these moraines we
see many large angular fragments, which, having been carried along on the
surface of the ice, have not had their edges worn off by friction; but the

greater number of the boulders, even those of large size, have been well
rounded, not by the power of water, but by the mechanical force of the
i-which has pushed them against each other, or against the rocksce, 0

flanking the valley. Others have fallen down the numerous fissures
which intersect the glacier, 'where, being subject to the pressure of the
whole mass of ice, they have been forced along, and. either well
rounded or ground down into sand, or even the finest mud, of which
the moraine is largely constituted.
As the terminal moraines are the most prominent of all the monu

ments left by a receding glacier, so are they the most liable to oblitera
tion; for violent floods or debacles are often occasioned in the Alps by
the sudden bursting of what are called glacier-lakes. These temporary
sheets of water are caused by the damming up of a river by a glacier
which has increased during a succession of cold seasons, and descending
from a tributary into the main valley, has crossed it from side to side.
On the failure of this icy barrier, the accumulated waters are let loose,
which sweep away and level many a transverse mound of gravel and
loose boulders below, and spread their materials in confused and irregular
beds over the river-plain.

Another mark of the former action of glaciers, in situations where

they exist no longer, is the polished, striated, and grooved surfaces of
rocks already alluded to. Stones which lie underneath the glacier and
are pushed along by it, sometimes adhere to the ire, and as tile MRSRS

glides slowly along at the rate of a few inches, or at the utmost, two or
three feet, per day, abrade, groove, and polish the rock, and the larger
blocks are reciprocally grooved and polished by the rock (in their lower
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sides. As the forces both of pressure and propulsion are enormous, the sand,

acting like emery, polishes the surface; the pebbles, like coarse gravers,

scratch and furrow it; and the large stones scoop out grooves in it.

Another effect also of this action, not yet adverted to, is called "roches

moutonn&s." Projecting eminences of rock are smoothed and worn into

the shape of flattened domes, where the glaciers have passed over them.

Although the surface of almost every kind of rock, when exposed in the

open air, wastes away by decomposition, yet some retain for ages their

polished and furrowed exterior; and, if they are well protected by a coy

cling of clay or turf; these marks of abrasion seem capable of enduring
forever. They have been traced in the Alps to great heights above the

present glaciers, and to great horizontal distances beyond them.

There are also found, on the sides of the Swiss valleys, round and deep
holes, with polished sides, such holes as waterfalls make in the solid rock,

but in places remote from running waters, and where the form of the

surface bill not permit us to suppose that any cascade could ever have

existed. Similar cavities are common in hard rocks, such as gneiss, in

Sweden, where they are called giant caldrons, and are sometimes 10

feet and more in depth ; but in the Alps and Jura they often pa into

spoon-shaped excavations and prolonged gutters. We learn from M.

Agassiz that hollows of this form are now cut out by streams of water,
which, after flowing along the surface of a glacier, fall into open fissures in
the ice and form a cascade. Here the falling water, causing the gravel
and sand at the bottom to rotate, cuts out a round cavity in the rock. But
,-is the glacier moves on, the cascade becomes locomotive, and what would
otherwise have been a circular hole is prolonged into a deep groove. The
form of the rocky bottom of the valley down which the glacier is moving
causes the rents in the ice and these locomotive cascades to be formed
again and again, year after year, in exactly the same spots.

Another effect of a glacier is to lodge a ring of stones round the sum-
mit of a conical peak which may happen to project through the ice. If
the glacier is lowered greatly by melting, these circles of large angular
fragments, which are called "perched blocks," are left in a singular situa-
tion near the top of a steep hill or pinnacle, the lower parts of which
may be destitute of boulders.

Alpine blocks on the Jura.-Now some or all the marks above enu-
merated,-thc moraines, eri'atics, polished surfaces, domes, stiie, cal
drons, and perched rocks, are observed in the Alps at great heightsabove the present glaciers, and far below their actual extremities; also
in the great valley of Switzerhind, 50 miles broad; and almost everywhere on the Jura, a chain which lies to the iiorth of this valley. The
average height of the Jura is about one-third that of the Alps, and it is
now entirely destitute of glaciers, yet it presents almost everywheresimilar moraines, and the same polished and grooved surfaces, and water-worn cavities. The erratics, moreover, which cover it, present a phenomenon which has astonished and perplexed the geologist for more thanhalf a century. No conclusion can be more incoutestable than that these
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angular blocks of granite, gneiss, and other crystalline formations, came

fin the Alps, and that they have been brought for a distance of 50

miles and upwards across one of the widest and deepest valleys of the

world, so that they are now lodged on the hills and valleys of a chain

composed of limestone and other formations, altogether distinct from

those of the Alps. Their great size and angularity, after a journey of so

many leagues, has justly excited wonder; for hundreds of them are as

large as cottages; and one in particular, celebrated under the name of

Pierre Bot rests on the side of a hill about 900 feet above the lake

of Neufchatel, and is no less than 40 feet in diameter.

It will be remarked that these blocks on the Jura offer an exception
to the rule before laid down, as applicable in general to erratics, since

they have gone from south to north. Some of the largest masses of

granite and gneiss have been found to contain 50,000 and 60,000 cubic feet

of stone, and one limestone block at Devens, near Box, which has travelled

30 miles, contains 161,000 cubic feet, its angles being sharp and unworn.*

Von Buch, Eschcr, and Studer have shown, from an examination of

the mineral composition of the boulders, that those on the western Jura,

near Neufeliatel, have come from the region of Mont Blanc and the

Valais; those on the middle 1)81t5 of the Jura from the Bernese Ober

land; and those on the eastern Jura from the Alps of the small cantons,

Glans, Schwytz, Un, and Zug. The blocks, therefore, of these three

great districts have been derived from parts of the Alps nearest to the

localities in the Jura where we now find them, as if they had crossed

the great valley in a direction at right angles to its length: the most

western stream having followed the course of the Rhone; the central,

that of the Aar; and the eastern, that of the two great rivers, Reuss

and Limmat. The non-intermixture of these groups 9f travelled frag
ments, except near their confines, was always regarded as most enig
matical by those who adopted the opinion of Saussure, that they were

all whirled along by a rapid current of muddy water rushing from the

Alps.
M. Charpentier first suggested, as before mentioned, that the Swiss

glaciers once reached continuously to the J'ura, and conveyed to them

these erratics; but at the same time lie conceived that the Alps were

formerly higher than now. M. Agassiz, on the other hand, instead of

introducing distinct and separate glaciers, suggested that the whole valley
of Switzerland might have been filled with ice, and that one great sheet,

of it extended from the Alps to the Jura, when the two chains were of

the same height as now relatively to each other. Such an hypothesis
labors under this difficulty, that the difference, of altitude, when distributed

over a space of 50 miles, gives an inclination of no more lluLn two de

grees, or far less than that of any known glaciers. It has, however, since
received the able support of Protssor James Forbes, in his excellent, work
on the Alps, published in 1843.

Arehiiac, lust. des Progrs, &c. vol. ii P. 240.
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In the theory which I formerly advanced, jointly with Mr. Darwin,*

it was suggested that the erratics may have been transferrel by floating

ice to the Jura, at the time when the greater part of that chain, and the

whole of the Swiss valley to the south, was under the sea. At that

period the Alps may have attained only half their present altitude, and

may yet have constituted a chain as lofty as the Cliilian Andes, which,

in a latitude corresponding to Switzerland, now send down glaciers to

the head of every sound, from which icebergs, covered with blocks of

granite, are floated seaward4 Opposite that part of Chili where the

glaciers abound is situated the island of Chiloe, 100 miles in length, with

a breadth of 30 miles, running parallel to the continent. The channel

which separates it from the main land is of considerable depth, and 25

miles broad. Parts of its surface, like the adjacent coast of Chili, are

overspread with recent marine shells, showing an. upheaval of the land

during a very modern period; and beneath these shots is a boulder

deposit, in which Mr. Darwin found large travelled blocks. One grcup
of fragments were of granite, which had evidently come from the Andes,

while in another place angular blocks of syduite were met with. Their

arrangement may have been duo to successive crops of icebergs issuing
from different sounds, to the heads of which glaciers descend from the

Andes. These icebergs, takmg their departure year after year from distinct

points, may have been stranded repeatedly, in equally distinct groups, in

bays or creeks of Chloe, and on islets off the coast, so that the stones trans

pocted by them might hereafter appear, some on hills and, others in valleys,
should that country and the bed of the adjacent sea be ever upheaved. A
continuance in future of the elevatory movement, in the region of the Andes
and of Chiloe, might cause the former chain to rival the Alps in altitude,
and give to Chloe a height equal to that of the Ju.ra. The same rise
might dry up th channel between Chiloe and the main land, so that it
would then represent the great valley of Switzerland. In the course of
these changes, all parts of Chiloc and the intervening strait., having in
their turn been a sea-shore, may have been polished and scratched by
coast-ice, and by innumerable icebergs running aground and grating on
the bottom.

If we apply this lIy]?othleSis to Switzerland and the Jura, we are by no
means precluded from the supposition that, in proportion as the land
acquired additional height, and the bed of the sea emerged, the Jura
itself may have had its glaciers; and those existing in the Alps, which
had. at first extended to the sea, may, during some part of the period of
upheaval, have been prolonged much farther into the valleys than now.
At a later period, when the climate grew milder, these glaciers may have
entirely disappeared from the Jura, and may have receded in the Alpsto their present limits, leaving behind them in both districts those
moraines which flow attest the greater extension of the ice in former times-1

* See Elements of Geology, 2d 0(1. 18.11. f Darwin's Journal, p. 283.More recently Sir It. Murchisot,, having revisited the Alps, has declared Ills
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Meteorites in drift-Before concluding my remarks on the northern

drift of the Old. World, I shall refer to a fact recently announced, the

discovery of a meteoric stone at a great depth in the alluvium of North

ern Asia.
Erman, in his Archives of Russia for 1841 (p. 314), cites a very cir

cumstantial account drawn up by a Russian miner of the finding of a

mass of meteoric iron in the auriferous alluvium of the Altai. Some

small fragments of native iron were first met with in the gold-washings
of Petropawlowskcr in the Mrasskcr Circle; but though they attracted

attention, it was supposed that they must have been broken off from the

tools of the workmen. At length, at the depth of 31 feet 5 inches from

the surface, they dug out a piece of iron we! bing 17.- pounds, of a

steel-gray color, somewhat harder than ordinary iron, and, on analyzing
it, found it to consist of native iron, with a small proportion of nickel, as
usual in meteoric stones. It was buried in the bottom of the deposit
where the gravel rested on a flaggy limestone. Much brown iron ore,
as well as gold, occurs in the same gravel, which appears to be part of
that extensive auriferous formation in which the bones of the mammoth,
the Rhinoceros tklzorhinus, and other extinct quadrupeds abound. No
sufficient data are supplied to enable us to determine whether it be of
Post-Pliocene or Newer Pliocene date.
We ought not, I think, to feel surprise that we have not hitherto

succeeded in detecting the signs of such atrolites in older rocks, for,
besides their rarity in our own clays, those which fell into the sea (and it
is with marine strata that geologists have usually to deal), being chiefly
composed of native iron, would rapidly enter into new chemical combi
nations, the water and mud being charged with chloride of sodium and
other salts. We find that anchors, cannon, and other cast-iron imple
ments which have been buried for a few hundred years off our English
coast have decomposed in part or entirely, turning the sand and gravel
which inclosed them into a conglomerate, cemented together by oxide of
iron. In like manner meteoric iron, although its rusting would be some
what checked by the alloy of nickel, could scarcely ever fail to decompose
in the course of thousands of years, becoming oxide, suiphuret, or car
bonate of iron, and its origin being then no longer distinguishable. The

greater the antiquity of rocks,-tlie oftener they have been heated and
cooled, permeated by gases or by the waters of the sea, the atmosphere
or mineral springs,-the smaller must be the chance of meeting with a
mass of native iron unaltered; but the preservation of the ancient
meteorite of the Altal, and the presence of nickel in these curious bodies,
renders the recognition of them in deposits of remote periods less hope
less than we might. have anticipated.

opinion that "the great granitic blocks of Mont. Blanc were translated to the Jura
when the intermediate country was under water."-Paper read to Geol. Soc.
London, May 30, 1840.
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CHAPTER XTfl

NEWER PLIOCENE STRATA AND CAVERN DEPOSITS.

Chronological classification of Pleistocene formations, why difficult-Freshwater

deposits in valley of Thames-In Norfolk cliffs-In Patagonia-Comparative

longevity of species in the mammalia and testncea-Fluvio-marine crag of

Norwich-Newer Pliocene strata of Sicily-Limestone of great thickness and

elevation-Alternation of marine and volcanic formations-Proofs of slow accu-

mulation-Great geographical changes in Sicily since the living fauna and flora

began to exist-Osseous breccias and cavern deposits-Sicily-Kirkdalc

Origin of stalactite-Australian cave-breccias--Geographical relationship of the

provinces of living vertcbrata and those of the fossil species of the Pliocene

periods-Extinct struthious birds of New Zealand-Teeth of fossil quadrupeds.

HAVING in the last chapter treated of the boulder formation and its

associated freshwater and marine strata as belonging chiefly to the close

of the Newer Pliocene period, we may now proceed to other deposits of

the same or nearly the same age. It should, however, be stated that it

is difficult to draw the hue of separation between these modern forma
tions, especially when we are. called upon to compare deposits of marine

and. freshwater origin, or these again with the ossiferous contents of
caverns.

If as often as the carcasses of quadrupeds were buried in alluvium

during floods, or mired in swamps, or imbedded in lacustrine strata, a
stream of lava. had descended and preserved the alluvial or freshwater

deposits, as frequently happened in Auvergne (see above, p. 80), keeping
them free from intermixture with strata subsequently formed1 then indeed
the task of arranging chronologically the whole series of mammaliferous
formations might have been easy, even though many species were
common to several successive groups. But when there have been
oscillations in the levels of the land, accompanied by the widening and
deepning of valleys at more than one period,-when the same surface
has sometimes been submerged beneath the sea, after supporting forests
and land quadrupeds, and then raised again, and subject during each
change of level to sedimentary deposition and partial denudation,-and
when the drifting of ice by marine currents or by rivers, during an epochof intense cold, has for a season interfered with the ordinary mode of
transport or with the geographical range of species, we. cannot hope
speedily to extricate ourselves from the confusion in which the classifica
tion of these Pleistocene formations is involved.
At several points in the valley of the Thames, remnants of ancient

fluvintile deposits occur, which may differ considerably in age, althoughthe imbedded land and freshwater shells in each are of recent species.At Brentford, for example, the bones of the Siberian Mammoth, or
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Elephas priflUgCfl2US, and the Rhinoceros tichorlanus, both of them quad.

rupeds of which the flesh and hair have been found preserved in the

frozen soil of Siberia, occur abundantly, with the bones of an hippopot

amus, aurochs, short-horned ox, red deer, reindeer, and great cave-tiger

or lion.* A similar group has been found fossil at Maidstone, in Kent,

and other places, agreeing in general specifically with the fossil bones

detected in the caverns of England. When we see the existing reindeer

and an extinct hippopotamus in the same fiuviatilo loam,we are tempted

to indulge our imaginations in speculating on the climatal conditions

which could have enabled these genera to coexist in the same region.
Wherever there is a continuity of land from polar to temperate and equa
torial regions, there will always be points where the southern limit of an

arctic species meets the northern range of a southern species; and if one

or both have migratory habits, like the Bengal tiger, the American bison,

the musk ox, and others, they may each penetrate mutually far into the

respective provinces of the other. There may also have been several

oscillations of temperature during the periods which immediately pre
ceded and followed the more intense cold of the glacial epoch.
The strata bordering the left bank of the Thames at Grays Thurrock,

in Essex, are probably of older date than thoe of Brentford, although
the associated land and freshwater shells are nearly all, if not all, identi

cal with species now living. Three of the shells, however, are no longer
inhabitants of Great Britain; namely, Faludi,zc marginata (fig. 117, p.

133), now living in France; (Jnio littoralis (fig. 20, p. 28), now inhab

iting the Loire; and Cyrena consobrina (fig. 26, p. 28). The last

mentioned fossil (a recent Egyptian shell of the Nile) is very abundant

at Grays, and deserves notice, because the genus O'jrcna is now no longer

European.
The rhinoceros occurring in the same beds (R. leptorithius, see fig.

136, p. 167), is of a different species from that of Brentford above men

tioned, and the accompanying elephant belongs to the variety called

Elephas merklionalis, which, according to MM. Owen and II. von Meyer,
two high authorities, is the same species as the Siberian mammoth,

although some naturalists regard it as distinct. With the above main

malia is also found the Hippopotamus major, and what is most remark

able in so modern and northern a deposit a monkey, called by Owen
?facacus pliocenus.
The submerged forest already alluded to (p. 137) as underlying the

drift at the base of the chifi of Norfolk is associated with a bed of lignite
and loam, in which a great number of fossil bones occur, apparently of

the same group as that of Grays, just mentioned. It has sometimes
been called "the Elephant bed." One portion of it, which stretches out
under the sea at IIapJ)isburglI, was overgrown in 1820 by a bank of
recent oysters, and there the fislierinc'ii dredged up, according to Wood
ward, in the course of thirteen years, together with the oysters, above

* Morris, Ceol. Soc. Proceed. 18.19.
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2000 mammoths' grinders.** Another portion of the same continuous

stratum has yielded at Bacton, Cromer, and other places on the coast,

the bones of a gigantic beaver (Trogonlheriuflz. Cuuierii, Fischer), as well

as the ox, horse, and (leer, and both species of rhinoceros, .R. ticiLorhinus

and R. leptorhinus.
In studying these and various other similar assemblages of fossils, we

have a good exemplification of the more rapid rate at which the main-

miferous fauna, as compared to the te.staceous, diverges from the recent type

when traced backwards in time. I have before hinted, that the longevity of

species in the class of warm-blooded quadrupeds is not so great as in that of

the mollusea, the latter having probably more capacity for enduring those

changes of climate and oilier external circumstances, and those revolutions

in the organic world, which in the course of ages occur on the earth's sui'ftce.

This phenomenon is by no means confined to Europe, for Mr. Darwin

found at Babia Blanca,iu South America, hit. 30° S., near the northern

confines of Patagonia, fossil remains of the extinct mainmiferous genera

Megatheri urn, Megalonyx, Toxodon, and others, associated with shells,

almost all of species already ascertained to be still living in the contigu
ous sea ;f the marine mollusca, as well as those of rivers, lakes, or the

land, having died out more slowly than the terrestrial mammalia.

I alluded before (p. 131) to certain marine strata overlying till near

Glasgow, and at other points on the Clyde, in which the shells are for
the most part British, with an intermixture of some arctic species;
while others, about a tenth of the whole, are supposed to be extinct.
This formation may also be called Newer Pliocene.

Fluvzo-marine crag of Horwich.-At several places within five miles
of Norwich, on both banks of the Yare, beds of sand, loam, and gravel,
provincially termed "crag," but of a very, different age from the Suffolk
crag, occur, in which there is a mixture of marine, land, and freshwater
shells, with ichthyolites and bones of mammalia. It is clear that these
beds have been accumulated at the bottom of the sea near the mouth of a
river. They form patches of variable thickness, resting on white chalk,
and are covered by a dense mass of stratified flint gravel. The surface of
the chalk is often perforated to the depth of several inches by the Piwlas
crzpata, each fossil shell still remaining at the bottom of its cylindrical
cavity, now filled up with loose sand which has fallen from the incumbent
crag. This species of Pholas still exists and drills the rocks between high
and low water on the British coast. The most common shells of these
strata, such as Fusus siria(us, Turrilella terebra, Uardiuin edule, and
Cyprina islandka, are now abundant in the British seas; but with them
are some extinct species, such as Hucula UohboWia (fig. 125) and Tel.
lina obligua (fig. 126). .Maica helicoides (fig. 127) is an example of a
Species formerly known only as fossil, but which has now been found livingin our seas.

Among the accompanying bones of rnauiinalia is the Mastodon
Woodwnrd' Geology of Norfolk. f Zool. of Beagle, part 1, pp. 9, 111.



OH. XIXL] NORWICH CRAG-PLEISTOCENE.

Fig. 125.

.Yucula Cobboldia,.
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Fig. 12U. Fig. 127.

Teiina obliqua.




.KaIica 1eikoIde8,
Johnston.

arVCrfleflSis* (see fig. 135, p. 165), a portion of the upper jawbone with

a tooth having been found by Mr. Wigliam at Postwick, near Norwich.
As this species has also been found in the Red Crag, both t Sutton and
at Felixstow, and had hitherto been regarded as characteristic of forma
tions older than the Pleistocene, it may possibly have been washed out of
the Red into the Norwich Crag.
Among the bones, however, respecting the authenticity of which there

seems no doubt, may be mentioned those of the elephant., horse, jig, deer,
and the jaws and teeth of field mice (fig. 14611). 167). I have seen the
tusk of an elephant from Bramerton near Norwich, to which many
serpuke were attached, showing that it had lain for some time at the
bottom of the sea of the Norwich Crag.
At Thorpe, near Aldborough, and at Soutliwold, in Suffolk, this fiuvio

marine formation is well exposed in the sea-cliffs, consisting of sand,

shingle, loam, and laminated clay. Some of the strata there bear the
marks of tranquil deposition, and in one section a thickness of 40 feet
is sometimes exposed to view. Some of the lamelli-branchiato shells have
both valves united, although mixed with land and freshwater testacea,
and with the bones and teeth of elephant, rhinoceros, horse, and deer.

Captain Alexander, with whom I examined these strata in 1835, showed
me a bed rich in marine shells, in which he had found a large specimen
of the Fusus striatus, filled with sand, and in the interior of which was
the tooth of a horse.

Among the freshwater shells I obtained the Uyrena consobrina (fig. 26,

p. 28), before mentioned, supposed to agree with a species now living in
the Nile.

I formerly classed the Norwich Crag as older Pliocene, conceiving that
more than a third of the fossil testacca were extinct; but there now
seems good reason for believing that several of the rarer shells obtained
from these strata do not really belong to a contemporary fauna, but have
been washed out of the older beds of the "Red Crag;" while other

species, once supposed to have died out, have lately been met with living
in the British seas. According to Mr. Searles Wood, the total number
of marine species does not exceed seventy-six, of which one tenth only
are extinct.. Of the fourteen associated freshwater shells, all the species
appear to be living. Strata containing the same shells as those near
Norwich have been found by Mr. Bean, at Bridlington, in Yorkshire.

* Owen, Brit.. FoEs. Manirn. 271. Mastodon lonqerostri; Knup, see ibid.
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Newer Pliocene Strata of Sicily.-In no part. of Europe are the Newer

Pliocene formations seen to enter so largely into the structure of the

earth's crust, or to ise to such heights above the level of the sea, as in

Sicily. They cover nearly half the island, and near its centre, at Cas

trogiovanni, they reach an elevation of 3000 feet. They consist princi-

pITY of two divisions, the upper calcareous, the lower arcrillacdous both
a 0 1

of which may be seen at Syracuse, Girgenti, and Castrogiovanni.

According to Phiippi, to whom we are indebted for the best account

of the tertiary shells of this island, thirty-five species out of one hundred

and twenty-four obtained from the beds in central Sicily are extinct. Ot

the remainder, which still live, five species are no longer inhabitants of

the Mediterranean. When I visited Sicily in 1828 I estimated the pro

portion of living species as somewhat. greater, partly because I con-

founded with the tertiary formation of central Sicily the strata at the

base of Etna, and some other localities, where the fossils are now proved
to agree entirely with the present Mediterranean fauna.

Philippi came to the conclusion, that in Sicily there is a gradual pas

sage from beds containing '10 per cent. of recent shells, to those in which

the whole of the fossils are identical with recent. species; but his tables

appear scarcely to bear out so important a generalization, several of the

places cited by him in confirmation having as yet furnished no .more
than twenty or thirty species of testacea. The Sicilian beds in question
probably belong to about the same period as the Norwich Crag, although
a geologist, accustomed to see nearly all the Pleistocene formations in
the north of Europe occupying low grounds and very incoherent in tex
ture, is naturally surprised to behold formations of the same age so solid
and stony, of such thickness, and attaining so great an elevation above
the level of the sea.
The upper or calcareous member of this group in Sicily consists in

some places of a yellowish-white stone, like the calcaire grossier of Paris,
in others, of a rock nearly as compact as marble. Its aggregate thick
ness amounts sometimes to '100 or 800 feet. It. usually occurs in regular
horizontal beds, and is occasionally intersected by deep valleys, such as
those of Sortino and Pcntahiea, in which are numerous caverns. The
fossils are in every stage of preservation, from shells retaining portionsof their animal matter and color, to others which are mere casts.
The limestone Passes downwards into a sandstone and conglomerate,below which is clay and blue marl, like that of the Subappenine hills,

from which perfect shells and corals may be disengaged. Thb claysometimes alternates with yellow sand.
South of the Plain of Catania is a region in which the tertiary bedsare intermixed with volcanic matter, which has been for the most partthe product of submarine eruptions. It appears that, while the clay,sand, and yellow limestone before mentioned were in course of depositionat the bottom of the sea, volcanoes burst out beneath the waters, like thatof Graham Island, in 1831, and these explosions recurred again and againat distant intervals of time. Volcanic ashes and sand were showered
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down and spread by the waves and currents so as to form strata of tuff,

which are found intercalated between beds of limestone and clay contain

ing marine shells, the thickness of the whole mass exceeding 2000 feet.

The fissures through which the lava rose may be seen in many places

forming what are called dikes.

In part of the region above alluded to, as, for example, near Lentirn,

a conglomerate occurs in which I observed many pebbles of volcanic

rocks covered by full grown serpula?. We may explain the origin of

these by supposing that there were some small volcanic islands which

may have been destroyed from time to time by the waves, as Graham
Island has been swept away, since 1831. The rounded blocks and

pebbles of solid volcanic matter, after being rolled for a time on the

beach of such temporary islands, were carried at length into some tran

quil part of the sea, where they lay for years, while the marine serpula?
adhered to them, their shells growing and covering their surface, as they
are seen adhering to the shell figured in p. 22. Finally, the bed ofpeb
bles was itself covered with strata of shelly limestone. At Vizzini, a
town not many miles distant to the S. W., I remarked another striking
proof of the gradual manner in which these modern rocks were formed,
and the long intervals of time which elapsed between the pouring out of
distinct sheets of lava. A. bed of oysters no less than 20 feet in thick
ness rests upon a current of basaltic lava. The oysters are perfectly iden
tifiable with our common eatable species. Upon the oyster bed, again,
is superimposed a second mass of lava, together with tuff or peperino.
In the midst of the same alternating igneous and aqueous formations is
seen near Galieri, not far from Vizzini, a horizontal bed, about a foot and
a half in thickness, composed entirely of a common Mediterranean coral

(Caryophyllia ccespitosa, Lam.). These corals stand erect as they grew;

Fig. 128.

f!t

ffid

Caryopiqilitci caspI(osa, Lam. (Cladocora etellaria, MIluo Edw. and liatrue.)
a. Stem with yonng stem growing from Its side.
a. Yonng stem ofsame twice magnified.
is. Portion of branch, twice magnified, with the base of a lateral branch; the exterior

ridges of the main branch appearing through the Inniehiro of the lateral one.
c. Transverse section of same, proving by the Integrity of the main branch, that the

lateral one (lid not orfrmnnto in a subdivision of the nulmnuul.
ci. A branch, having at Its Ease another laterally united to it, and two young corals at

its upper pnrL'!. ,Its branch. with a full grown lateral one.
/. A perfect terminal star.







: 

168 S E ~ H  PLIOCENE STRATA OF SICILY. ICE, X ~ L .  

and, after being traced for hundreds of yards, are agnin found at a ~ 0 1 %  

responding height on the opposite side of the vfilley* 
The corals are usually branched, hut not by the division of the animals 

as some hityo but by the attachment of yolinm a" individuals to 
the sides of the older oucs; and we must understand tins mode of jn- 
crensp, in order to appreciate tlio time which was required for the building 
up of the bed of coral during the growth of many ~ucccssive gen- 
erations.* 

Among Hie other fossil shells met with in these Sicilian strata, which 
still continue to iiloimd in the Mcditwr.'iiiein, no shell is 111oro conspic- 
uous, from its size nix1 frequent occurrence, than tho great scallop, P c c / m  
jmoiicvs (see fig. 129), now so common in tlie ncigliboriiig seas. "We 
see tin's shell in the calcareous Lcds at Palerrno in great numbers, in the 
finu-stone at  Girgcnti, and in that which it1 tcrnatcs with volcanic rocks in 
the country between Syracuse and Vizzini, often .it groat heights above 
the sea. 

FIg. 129. 
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required for the gradual upheaval of the rocks, and the excavation of the

valleys. The historical period seems scarcely to form an appreciable unit

in this computation, for we find ancient Greek temples, like those of

Girgenti (Agrigentum), built of the modern limestone of which we are

speaking, and resting on a lull composed of the same; the site having
remained to all appearance unaltered since the Greeks first colonized the

island.
The modern geological date of the rocks in this region leads to another

singular and unexpected conclusion, namely, that the fauna and flora of

a large part of Sicily. are of higher antiquity than the country itself,

having not only flourished before the lands were raised from the deep,
but even before their materials were brought together beneath the waters.
The chain of reasoning which conducts us to this opinion may be stated
in a few words. The larger part of the island has been converted from
sea into land since the Mediterranean was peopled with nearly all the

living species of testacea and zoophytes. We may therefore presume
that, before this region emerged, the same land and river shells, and
almost all the same animals and plants, were in existence which now

people Sicily; for the terrestrial fauna and flora of this island are pre
cisely the same as that of other lands surrounding the Mediterranean.
There appear to be no peculiar or indigenous species, and those which
are now established there must be supposed to have migrated from pre
existing lands, just as the plants and animals of the Neapolitan territory
have colonized Monte Nuovo, since that volcanic cone was thrown up in
the sixteenth century.

Such conclusions throw a new light on the adaptation of the attributes
and migratory habits of animals and plants to the changes which are un

ceasingly in progress in the physical geography of the globe. It is clear
that the duration of species is so great, that they are, destined to outlive

many important revolutions in the configuration of the earth's surface;
and hence those innumerable contrivances for enabling the subjects of the
animal and vegetable creation to extend their range; the inhabitants of
the land being often carried across the ocean, and the aquatic tribes over

great continental spaces. It is obviously expedient that the terrestrial and
lluviatile species should not only be fitted for the rivers, valleys, plains,
ana mountains which exist at the era of their creation, but for others that
arc destined to be formed before the species shall become extinct; and,
in like manner, the marine species are not only made for the deep and
shallow regions of the ocean existing at the time when they are called
into being, but for tracts that may be submerged or variously altered in

depth during the time that is allotted for their continuance on the globe.

OSSEOUS DRECCIAS AND DEPOSITS IN CAVES OF THE PLIOCENE PERIOD.

Sicily,Caverns filled with marine breccias, at the base of ancient
sea-cliffs, have been already mentioned in the sixth charter; and it was
noticed, respecting the cave of San Ciro, near Palermo (p. 75), that upon
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a bed of sand filled with sea-shells, almost all of recent species, rests a

breccia (b, fig. 93), composed of fragments of calcarous rock, and the

bones of animals. In the sand at the bottom of that cave, Dr. Philippi

found about forty-five marine suds, all clearly identical with recent

species, except two or three. The bones in the incumbent breccia are

chiefly those of the mammoth (B. pri;nifjeniuS), with some belonging to

an hippopotamus, distinct from the recent specie; and smaller than that

usually found fossil. (See fig. 137.) Several species of deer also, and,

according to some accounts, the remains of a bear, were discovered.

These mammalia are probably-referable to the Post-Pliocene period.

The Newer Pliocene tertiary limestone of the south of Sicily, already

described, is sometimes full of caverns: and the student will at once per
ceive that all the quadrupeds of which the remains are found in the sta

lactite of these caverns, being of later origin than the rocks, must be re

ferable to the close of the tertiary epoch, if not of still later date. The

situation of one of these caves, in the valley of Sortino, is represented in

the annexed section.




Fig. 180.

a. AlIuvum,
1', b. Deposits In caves, containing the remains of quadrupods for the most part oxtinct
C. Limestone containing the romninsof shells, ofwhich botween 70 and SO per cent arc recent

England.-In a cave at Kirkdale, about twenty-five miles N. N. E. of
York-, the remains of about 300 hyenas, belonging to individuals of every
age, have been detected. The species (Hjiw,za spelcea) is extinct, and was
larger than the fierce Hyena. crocuta of South Africa, which it most re
sembled. Dr. BUcIdaIId, after carefully examining the spot, proved that
the Hyenas must have lived there; a fact attested by the quantity of
their dung, which, as in the case of the living hyena, is of nearly the same
composition as bone, and almost as durable. In the cave were found the
remains of the ox, young elephant, hippopotamus, rhinoceros, horse, bear,
wolf, hare, water-rat, and several birds. All the bones have the appearance of having been broken and gnawed by the teeth of the bycnas;and they occur confusedly mixed in loam or mud, or dispersed througha crust of stalagmite 'which covers it. In these and many other cases it
is supposed that portions of herbivorous quadrupeds have been draggedinto caverns by beast of prey, and have served as their food, an opinionquite consistent 'with the known habits of the living liyzena.No less than thirty-seven species of maminalia are' enumerated by Professor Owen as having been discovered in the caves of the British islands,of which eighteen appear to be extinct, while the others still survive
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in Europe. They were not washed to the spots where the fossils now oc.

cur by a great flood; but lived aid died, one generation after another, in

the places where they lie buried. Among other arguments in favor of this

conclusion may be mentioned the great numbers of the shed antlers of deer

discovered in caves and in freshwater strata throughout England.*

Examples also occur of fissures into which animals have fallen from

time to time, or have been washed in from above, together with alluvial

matter and fragments of rock detached by frost, forming a mass which

may be united into a bony breccia by stalagmitic inifitrations. Fre

quently we discover a long suite of caverns connected by narrow and

irregular galleries, which hold a tortuous course through the interior of
mountains, and seem to have served as the subterranean channels of

springs and engulfed rivers. Many streams in the Morea are now car

rying bones, pebbles, and mud into underground passages of this kind.
If, at some future period, the form of that country should be wholly
altered by subterranean movements and new valleys shaped out by
denudation, many portions of the former channels of these engulfed
streams may communicate with the surface, and become the dens of wild
beasts, or the recesses to which quadrupeds retreat to die. Certain caves
of France, Germany, and Belgium, may have passed successively through
these different conditions, and in their last state may have remained

open to the day for several tertiary periods. It is nevertheless re
markable, that on the continent of Europe, as in England, the fossil
remains of mammahia belong almost exclusively to those of the Newer
Pliocene and Post-Pliocene periods, and not to the Miocene or Eocene

epochs, and when they are accompanied by land or river shells, these

agree in great part., or entirely, with recent species.
As the preservation of the fossil bones is due to a slow and constant

supply of stalactite, brought into the caverns by water dropping from the
roof; the source and origin of this deposit has been a subject of curious

inquiry. The following explanation of the phenomenon has been re

cently suggested by the eminent chemist Liebig. On the surface of
Franconia, where the limestone abounds in caverns, is a fertile soil, in
which vegetable matter is continually decaying. This mould or humus,

being acted on by moisture and air, evolves carbonic acid which is dis
solved by rain. The rain-vater, thus impregnated, permeates the porous
limestone, dissolves a portion of it, and afterwards, when the excess of
carbonic acid evaporates in the caverns, parts with the calcareous matter,
and forms stalactite. Such facts seem to imply that the (late of the ciner

gence of the district was very modem, for stalactite could not begin to forni
until the emergence of the cavernous rock, and the land shells and land
animals are usually imbedded in the lowest part of the stalactite deposit.

Australian. cave-breccias.-Ossiferous brcccins are not confined to Eu-

rope, but occur in all parts of the globe; and those lately discovered in
fissures and caverns in Australia correspond closely in character with
what lics been called the bony breccia of the Mediterranean, in which the

Owcii, Brit. Fns. Main. xxvi. and Bucklanti, Rd. Dii. lu, 4.
11
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fragments of bone and rock are firmly bound together by a red oohreous

cement.
Some of these caves have been examined by Sir T. Mitchell in the

Wellington Valley, about 210 miles west of Sidney, on the river Bell,

one of the principal sources of the Macquarie, and on the Macquarie

itself. The caverns often branch off in different directions through the

rock, widening and contracting their dimensions, and the roofs and floors

are covered with stalactite. The bones are often broken, but do not seem

to be water-worn. In some places they lie imbedded in loose earth, but

they are usually included in a breccia.

The remains found most abundantly are those of the kangaroo, of

which there are four species, besides which the genera Hypsiprymnus,

Plialangista, P1iscolonys, and .Dasyurus, occur. There are also bones,

formerly conjectured by some osteologists to belong to the hippopotamus,
and by others to the dugong, but which are now referred by Mr. Owen

to a marsupial genus, allied to the Wombat.
In the fossils above enumerated, several species are larger than the

largest living ones of the same genera now known in Australia. The
annexed figure of the right side of a lower jaw of a kangaroo (Macro-

INL'. 131.

pus atlas, Owen) will at once be seen to exceed in magnitude the
cor-respondingpart of the largest living kangaroo, which is represented in

Fig. 132.

Jfacropus atla8, Owen.
a. Permanent false molar, In tho alveolus.

laQWotjaw oflargest living species of kangaroo.
(Mtzcropu8 major.)
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fig. 132. In both these specimens part of the substance of the jaw has
been broken open, so as to show the permanent false molar (a., fig. 131)
concealed in the socket. From the fact of this molar not having been
cuti we learn that the individual was young, and had not shed its first

Pig. 183. teeth. In fig. 133, a front tooth of the same species of

kangaroo, is represented.
Whether the breccias, above alluded to, of the Wellington

Valley, appertain strictly to the Pliocene period cannot be
affirmed with certainty, until we arc more thoroughlyH,
acquainted with the recent quadrupeds of the same dis
trict, and until we learn what species of fossil land shells,
if any, are buried in the deposits of the same caves.
The reader will observe that all these extinct quadrupeds

of Australia belong to the marsupial family, or, in other
' words, that they are referable to the same peculiar type of

organization which now distinguishes the Australian main0
of Ma- malia from those of other parts of the globe. This fact is

CrOPU8. one of many pointing to a general law deducible from the
fossil vertebrate and invertebrate animals of the eras immediately
ante-cedentto the human, namely, that the present geographical distribution
of organic forms dates back to a period anterior to the creation of ex

isting species; in other words, the limitation of particular genera or
families of quadrupeds, mollusea, &c., to certain existing provinces of
land and sea, began before the species now contemporary with man had
been introduced into the earth.

Mr. Owen, in his excellent "History of British Fossil Mammals," has
called attention to this law, remarking that the fossil quadrupeds of

Europe and Asia differ from those of Australia or South America. We
do not find, for example, in the Europao-Asiatic province fossil kangaroos
or armadillos, but the elephant, rhinoceros, horse, bear, hyna, beaver,
hare, mole, and others, which still characterize the same continent.
In like manner in the Pampas of South America the skeletons of Me

gatherium, Megalonyx, Glyptodon, Myloclon, Toxodon, Macrauchenia,
and other extinct forms, are analogous to the living sloth, armadillo, cavy
capybara, and llama. The fosil quaciruinana, also associated with some
of these forms in the Brazilian caves, belong to the Platyrrhine family of

monkeys, now peculiar to South America. That the extinct fauna of
Buenos Ayres and Brazil was very modern has been shown by its rela
tion to deposits of marine shells, agreeing with those now inhabiting the
Atlantic; and when in Georgia in 1845, I ascertained that the Mega
theriurn, Mylodon, .ffarlaizus americanus (Owen), Equus ciirvidens, and
other quadrupeds allied to the Pampean type, were posterior in date to
beds containing marine shells belonging to forty-five recent species of the

neighboring sea.
There are indeed some cosmopolite genera, such as the Mastodon (a

genus of the elephant family), and the horse, which were simultaneously
represented by different fossil species in Europe, North America, and
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South America; but these few exceptions can by no means invalidate

the rule which has been thus expressed by Professor Oweii, "that in the

highest organized class of animals the same forms were restricted to the

same great provinces at the Pliocene periods as they are at the pres-

ent day."
However modern, in a geological point of view, we may consider the

P1eitocene epoch, it is evident that causes more general and powerful

than the intervention of man have occasioned the disappearance of the

ancient fauna from so many extensive regions. Not a few of the species
had a wide range; the same Megatliei'ium, for instance, extended from

Patagonia and the river Plata in South America, between latitudes 310

and 390 south, to corresponding latitudes in North America, the same

animal being also an inhabitant of the intermediate country of Brazil,

where its fossil remains have been met with in eaves. The extinct ele

phant, likewise, of Georgia (Eleplias prinilgenius) has been traced in a

fossil state northward from the river Alatamaha, in hat. 330 50'N. to the

polar regions,. and then again in the eastern hemisphere from Siberia to
the south of Europe. If it be objected that, notwithstanding the adapta
tion of such quadrupeds to a variety of climates and geographical con
ditions, their great size exposed them to extermination by the first hunter
tribes, we may observe that the investigations of Lund and Clausen in
the ossifcrous limestone caves of Brazil have demonstrated that these

large mammalia were associated with a great many smaller quadrupeds,
some of them as diminutive as field mice, which have all died out together,
while the land shells formerly their contemporaries still continue to exist
in the same countries. As we may feel assured that these minute quad
rupeds could never have been extirpated by man, espeóhly in a country
so thinly peopled as Brazil, so we may conclude that all the species, small
and great have been annihilated one after the other, in the course of in
definite ages, by those changes of circumstances in the organic and inor-
,fr,anic world which are always in progress, and are capable in the course
of time of greatly modifying the physical geography, climate, and all
other conditions on which the CoutiuuanC upon the earth of any living
being must depend.*

The law of geographical relationship above alluded to, between the
living vertebrata of every great zoological province and the fossils of the
period immediately antecedent, even where the fossil species are extinct,
is by no means confined to the mammalia. New Zealand, when first
examined by Europeans, was found to contain no indigenous land quad-
rupeds, no kangaroos, or opossums, like Australia; but a wingless bird
abounded there, the smallest living representative of the ostrich family,called Kivi, by the natives (Apteryx). In the fossils of the Post-Plioceneand Pleistocene period in this same island, there is the like absence of
kangaroos, opossums, wombats, and the rest; but in their place a pro-digious number of well-preserved specimens of gigantic birds of the strut)

order, called by Ow Dinornis and Palaptei"y.v, which are en-
* See Principles of Geology, chais. x1,. to xliv.
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tombed in superficial deposits. These genera comprehended many spe
cies, some of which were 4, some 7, others 9, and others 11 feet in

height! It seems doubtful whether any contemporary mammalia shared
the land with this population of gigantic feathered bipeds.
To those who have never studied comparative anatomy it may seem

scarcely credible, that a single hone taken from any part of the skeleton

may enable a skilful osteologist to distinguish, in many cases, the genus,
and sometimes the species, of quadruped to which it belonged. Although
few geologists can aspire to such knowledge, which must be the result of

long practice and study, they will nevertheless derive great advantage
from learning what is comparatively an easy task, to distinguish the

principal divisions of the mammalia by the forms and characters of their
teeth. The annexed figures, all taken from original specimens, may be
useful in assisting the student to recognize the teeth of many genera most

frequently found fo¬sil in the Newer Pliocene and Post-Pliocene periods :-

Fig. 184.
I,

Elep1aapinigcnius (or 'Mammoth); molar of upper jaw, right side; one-third of nat size.
a. Grinding surface. b. Side view.

Fig. 235.

.t!.l.ctO(h)fl uriw,u'u4, (Nnrwfrh (rn. Fo.twiek. n1(, f(IIuutI In Rest (rn, se p. 155); seconu
true jua'lnr, It-it iuIe, u1Iprjaw; griuusIin ti rfue, hut. iLt". (See. '. i5.)
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Fig. 180.

1:1L i,rnceros lJ)lO?'lL ill i13 fos-
sil from 1esliwiiter beds of
Gray Essex (see p. 158);
penultinintO molar, lower
jaw, left side; two-thirds of
nut. size.




180.




HippopOtamus Pent(and4
11. v. Meyer; from cave
near Palermo (seep. 160);
molar tooth; two-thirds
of nat size.




Pig.
Sits scrofc:, Liii. (common

pig) : from shell-mar),
}'urflrsh ire; posteriormolar, lower JaW, nut
size.

Fig. 140.

Tapir.
Tapirve 4nerka,w;
recent; third molar,
upperJaw; nut size.

Home.
.&Juua caboUu, Lin. (common horse);
from the shell-marl, Forfarshlro;
second molar, lower Jaw.

a. Grinding surface, two-thirds nat. ilze.
b. Side view of same, half net size.
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Fig. 137. Fig. 138.

Fig. 141.




FIg. 142.

0LON,1i

a. b. Deer.
Elk (Celvua aZce Lin). recent; niolar of upper jaw.
a. Grinding surface.b. Sub view; two-thirds ornat. size.




o. d. Ox.
Ox, common, ftnm shell-marl, Forfar

shire; true molar upper Jaw; two
thirds net. siZe.

e. Grinding sminco.
'1. Shle view ; fatig upperrnot.

iIippopotahifli.Rhinoceros.
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Fig. 143. Fig. 144.

Bear.
a. Oanlnotooth or tusk of bear(lTreus

8p6lcu8) from cave near Liege.
1'. Molar of bib side, upper jaw; one

third of nat. size.

PIg. 145.




Tiger.
c. Canine tooth of tiger (Fe2i8 tigris);

recent.
ci. Outside view of posterior molar

lowerjaw; one-third of nat. she.

F g. 146.




WMW

Teeth ofa now species of Arvicokc (field mouse); from the
Norwich Crag. (Bee p. 155.)

a. Grinding surface. La. Side view of same.
o. Nat. size of a and b.

Pig. 14T.

JEEE

-,-- - V

a. Fourth molar, right side, lower jaw. JfegatJz4rlu;n; Georgia,
U. S.; one-third net. size.

CHAPTER XIV.




,oq-
La. Crown ofsame.

OLDER PLIOCENE AND MIOCENE FORMATIONS.

Strata of Suffolk termed Red and Corallino Crag-Fossils, and proportion of re
cent species-Depth of sea and climate-Reference of Suffolk Crag to the
Older Pliocene period-Migration of many species of shells southwards during
the glacial period-Fossil whales-Antwerp Crog-Subapennino bods-Asti,
Sienna, Rome- Aralo-Caspian formations -Miocene formations -Paluns of

Tourainc.-Depth of sea and littoral character of fauna-Tropical climate jul.

plied by the testacea-Proportion of recent species of shdlls-Faluns more an
cient than the Suffolk Crag-Miocene strata of Bourdeaux-of the Bolderberg
in Belgium-of North Germany-Vienna Basin-Piedmont-Molasse of Swit
zerland-Leaf-beds of Mull in Scotland-Older Pliocene and Miocene forma
tions in the United States-Sewhik Hills in India.

TIlE older Pliocene strata, which next claim our attention, are chiefly
confined, in Great Britain, to the eastern part of the county of Suffolk,

ttywnaepeZza: second molar. bib
side. boverjaw nat size. Cave
of Klrkdale. (bee p. 160.)
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where, like the Norwich beds already described, they are called "Crag,'

a provincial name given particularly to those masses of shelly sand which

have been used from very ancient times in agriculture, to fertilize soils

deficient in calcareous matter. The relative position of the "Red Crag"

in Essex to the London clay, may be understood by reference to the ac-

companying diagram (fig. 148).




Fig. 149.
Crag. London Clay. Chalk.

These deposits, according to Professor E. Forbes, appear by their im

bedded shells to have been formed in a sea of moderate depth, usually

from 15 to 25 fathoms, but in some few spots perhaps deeper. Yet they
cannot be called littoral, because the fauna is such as may have extended

40 or 50 miles from land.

The Suffolk Crag is divisible into two masses, the upper of which has

been termed the Red, and the lower the Coralline Crag. The upper

deposit consists chiefly of quartzose sand, with an occasional intermixture

of shells, for the most part rolled, and sometimes comminuted. In many

places fossils washed out of older tertiary strata, especially the London

Clay, are met with. The lower or coralline Crag is of very limited ex
tent, ranging over an area about 20 miles in length, and 3 or 4 in breadth,
between the rivers Aide and Stour. It is generally calcareous and many
-a mass of shells, bryozoa, and small corals, passing occasionally into a
soft building-stone. At Sudbourn, near Oxford, where it wlunes this
character, are large quarries, in 'which the bottom of it has not been
reached at the depth of 50 feet. At some places in the neighborhood,
the softer mass is divided by thin flags of hard limestone, and corals

placed in the upright position in which they grew.
The Red Crag is distinguished by the deep ferrugiuous or ochreous

color of its sands and fossils, the Coralline by its white color. Both for
mations are of moderate thickness; the Red Crag rarely exceeding 40,
and the Coralline seldom amounting to 20 feet. But their importance is
not to be estimated by the density of the mass of strata or its geographical
extent, but by the extraordinary richness of its organic remains, belonging

See paper by E. Chanleswoi'tb, Esq.; London and Ed. Phil. Mag. No. xxxviii.
p. 81, Aug. 1835.
f Ehrcnberg proposed in 1831 the term .Bryo2oum, or "Moss-animal," for the

molluscous or aseidiari form of polyp, characterized by having two openings to
the digestive sack, as in .Escl,ara, Flustra, Retepora, and other zoophytespopu-larlyincluded in the corals, but now classed by naturalists as mollusca. Theterm Polyzoum, synonymous with Bryozown, was, it proposed in 1830, or
the year before, by Mi. J. V. Thompson, but is less generally adopted. The animals of the Zuantljar;a of Mile Edwards and Hainie, or the true corals, have
only one opening to the stomach.
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to a very peculiar type, which seems to characterize the shtte of the living
creation in the north of Europe during the Older Pliocene era.

For a large collection of the fish, echinoderms, shells, bryozoa, and cor

als of the deposits in Suffolk, we are indebted to the labors of Mr. Searles

Wood. Of testacea alone he has obtained 230 species from the Red, and

345 from the Corallino Crag, about 150 being common to each. The

proportion of recent species in the new group is considered by Mr. Wood
to be about 'l0 per cent., and that in the older or Coralline about 00.

When I examined these shells of Suffolk in 1835, with the assistance of
Dr. Beck, Mr. George Sowerby, Mr. Searles Wood, and other eminent

conchologists, I came to the opinion that the extinct species predominated
very decidedly in number over the living. Recent investigations, how
ever, have thrown much new light on the conchology of the Arctic,
Scandinavian, British, and Mediterranean Seas. Many of the species for

merly known only as fossils of the Crag, and supposed to have died out,
have been dredged up in a living state from depths not previously ex

plored. Other recent species, before regarded as distinct from the nearest
allied Crag fossils, have been observed, when numerous individuals were

procured, to be liable to much greater variation, both in size and form,
than had been suspected, and thus have been identified. Consequently,
the Crag fauna has been found to approach much more nearly to the re
cent fauna of the Northern, British, and Mediterranean Seas than had
been imagined. The analogy of the whole group of testacea to the Eu

ropean type is very marked, whether we refer to the large development
of certain genera in number of species or to their size, or to the sup
pression or feeble representation of others. The indication also afforded

by the entire fauna of a climate not much warmer than that now pre
vailing in corresponding latitudes, prepares us to believe that they are not
of higher antiquity than the Older Pliocene era.
The position of the Red Crag in Essex to the subjacent London clay

and chalk has been already pointed out (fig. 148). Whenever the two
divisions are met with in the same district, the Red Crag lies uppermost;
and, in some cases, as in the section represented in fig. 149, which I had
an opportunity of seeing exposed to view in 1839, it is clear that the
older or Corallinc mass b had suffered denudation, before the newer for
mation a was thrown down upon it. At D there is not only a distinct

Fig. 149.
Sliottlham

Sutton. Creek. linsliolt.

Section near Ipswich, In Suirolk.
ci. Red Crag. is. Corallino Crag. e. London Clay.

cliff, 8 or 10 feet high, of Coralline Crag, running in a direction N. E. and
S. W., against which the red crag abuts with its horizontal layers; but

See Monograph on the Crag Mollusca. Searles Wood, Paleont. Soc. 1848.
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this cliff occasionally overhangs. The rock composing it is drilled every

where by PiLolades, the boles which they perforated having been after

wards filled with sand and covered over when the newer beds were thrown

down. As the older formation is shown by its fossils to have accumulated

in a deeper sea (15, and sometimes 25, fathoms deep or more), there must

no doubt have been an upheaval of the sea-bottom before the cliff here

alluded to was shaped out.. We may also conclude that so great an

amount of denudation could scarcely take place, in such incoherent ma

terials, without many of the fossils of the inferior beds becoming mixed up
with the overlying crag, so that considerable difficulty must be occasion

ally experienced by the palontologists in deciding which sjecies belong

severally to each group.
The Red Crag being formed in a shallower sea, often resembles in struc

ture a shifting sand-bank, its layers being inclined diagonally, and the

planes of stratification being sometimes directed in the same quarry to

the four cardinal points of the compass, as at But.ley. That in this and

many other localities, such a structure is not deceptive or due to any sub

sequent concretionary rearrangement of particles, or to mere lines of color,
is proved by each bed being made up of flat pieces of shell which lie par
allel to the planes of the smaller strata.
Some fossils, which are very abundant in the Red Crag, have never

been found in the white or coralilno division; as, for example, the Fusus
contrarius (fig. 150), and. several species of Murex and. Buccinuin (or
.iVassa) (see figs. 151, 152), which two genera seem wanting in the lower
crag.




Fossils characteristlo of the fled Crag.

Fig. 151.




Fig. 152.

6
.?TaRsa granulata.

Fig. 153..

confrarius. Mure, aZ,jeojaeus. (Jyprcv. coccinelloldea.
FIg. 150 baf net size; the others nat. size.

Among the bones and teeth of fishes are those of large sharks (Carc1ea-rodon), and a gigantic skate of the extinct genus .Afylioba(es, and manyother forms, some common to our seas, and many foreign to them. It ms
questionable, however, whether all these can really be asribecl to the eraof the Red Crag. Not a few of them may possibly have been derivedfrom older strata, especially from those Upper Eocene formations to bedescribed in the next chapter, which are largely developed in Belgium,

Fig. 150.
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and of which a fragment (the Hempstead beds of Forbes) escaped denu

dation in Eugland.
The distinctness of the fossils of the Coralline from those of the Red

Crag, arises in part from their higher antiquity, and, in some degree, from

a difference in the geographical conditions of the submarine bottom. The

prolific growth of corals, echini, and a prodigious variety of testacea and

bryozon, implies t region of deeper and more tranquil water; whereas,

the Red Crag may have been formed afterwards on the same spot when

the water was shallower. In the mean time the climate mayhave become

somewhat cooler, and some of the zoophytes which flourished in the first

period may have disappeared, so that the fauna of the Red Crag acquired
a character somewhat more nearly resembling that of our northern seas,

as is implied by the large development of certain sections of the genera
Fusus, Buccinuni, Fu.rpura and Trocitus, proper to higher latitudes, and

which are wanting or feebly represented in the inferior crag.
Some of the corals and bryozoa of the lower Crag of Suffolk belong to

genera unknown in the living creation, and of a very peculiar structure;
as, for example, that represented in the annexed fig. (154), which is one

a




Fig. 154.




I.

Fadckularia auranHum, Mime Edwards. Family, TubuZiporic1a, of same author.

Bryozoan ofextinct genus, from the inferior or Corállthe Crag, Suffolk.

a. Exterior. 1,. Vertical section of Interior. c. Portion ofexterior iiingnlflcl.
d. Portion of interior mniiHled, showing that it Is made up or long, thin, straight tubes,

uulted in conical bundles.

of several species having a globular form. The great number and variety
of these zoophytes probably indicate an equable climate, free from intense

cold in winter. On the other hand, that the heat was never excessive is

confirmed by the prevalence of northern forms among the testacea, such.

as the Glycinzcris, Cjprina, and Asiane. Of the genus last mentioned

(see fig. 155) there are about fourteen species, many of them being rich

in individuals; and there is an absence of genera peculiar to hot climates,

such as Cnus, Oliva, MUra, Fasciolaria, Urassalcila, and others. The

cowries ( C'i,prcca, fig. 153), also, are small, and belong to a section (Trivia)
now inhabiting the colder regions. A large volute, called JToluta Lam

berli (fig. 15(J), may seem an exception ; but it. diilrs in frin from thA
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As(artd (C'ra39ifla, Lam.); species common to upper and lower crag.

.A8tartd OmalU, LJonknlrO; Syn. A.. bipartila, Sow. Min. Con. P. 521, f. 3; a very variable

species, most characteristic or the Corallino Crag, Suffolk.

volutes of the torrid zone, and may, like the living Volu1c Magellanica,

have been fitted for an extra-tropical climate.

Fig. 156.
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Fig. 159.

Tm,iec7z1nn8 ercavatu8,
Forbos Temnopleuru8
ewcava2us, Wood; Cor.
Crag, Re.msboit

The OCCUITCflCC of a species of Liingula at Sutton (see fig. 160) is worthy
of remark, as these Brac1iopoc1a seem now confined to more equatorial
latitudes; " and the same may be said still more decidedly of a species of

Pyruta, supposed by Mr. Wood to be identical with P. reliculata (fig.
157), now living in the Indian Ocean. A genus also of echinoderms,
called by Professor Forbes Temncclthius (fig. 158), is peculiar to the Bed
and Coralilne Crag of Suffolk. The only species now living occur in the
Indian Ocean. 1Yhether, therefore, we may incline to the belief that the
moan annual temperature was higher or lower than now, we may at least
infer that the climate and geographical conditions were by no means the
same at the period of the Suffolk Crag as those which now prevail in the
same region.
One of the most interesting conclusions deduced from a careful com

parison of the shells of these British Older Pliocene strata and the fauna
of our present seas, has been pointed out by Prof. E. Forbes. It appears
that, during the glacial period, a period intermediate, as we have seen,
between that of the crag and our own time, many shells, previously established in the temperate zone, retreated southwards to avoid an uncon
genial climate. The Professor has given a list of fifty shells which in
habited the British seas while the Coralline and Red Crag were forming.

Fig. 155.








OIL XIV.] SUBAPENNINE STRATA. 1'8

and which, though now living in our seas, are all wanting in the Pleisto
cene or glacial deposits. They must therefore, after their migration to
the south, 'which took place during the glacial period, have made their

way northwards again. In corroboration of these views, it is stated that
all these fifty species occur fossil in the Newer Pliocene strata of Sicily,
Southern Italy, and the Grecian Archipelago, where they may have en

joyed, during the era of floating icebergs, a climate resembling that now

prevailing in higher European latitudes.*
In the Red Crag at Felixstow, in Suffolk, Professor flenslow has found

the ear-bones of one or more species of cetacea, which, according to Prof.
Owen, are the remains of true whales of the family Ba&nid (fig. 150).
Mr. Wood is of opinion that these cetacca may be of the age of the Red

Crag, or if not, that they may be derived from the destruct on of beds of
Coralline Crag.

Antwerp.-Strata of the same age as the Red and Cot alline Crag of
Suffolk have been long known in the country round Antwerp and on the
banks of the Scheldt, below that city. More than 200 species of testacca

Fig. 159. Fig. 160.

Tyxnpnnlc bone of Ba&vn eniarginata, .Lingula .DunzorUeri, Ny5t;
Owen; Rod Crag, Fo1Lstow. Antwerp Crag.

have been collected by MM. Do Wad, Nyst, and others, of which two
thirds have been identified with Sublk fossils by Mr. Wood. Among
these he recognizes Lingula Dumortieri of Nyst (fig. 160), which I found
in abundance at Antwerp in 1851, in what is called by M. do Wad the
middle crag. More than half of the shells of this Antwerp eposit agree
with living species, and these belong in great part to the fauna of our
northern seas, though some Mediterranean species are not wanting. I
also met with numerous cetacean bones of the genera Baknoptera and

Ziphius in the same formation. They are not at all rolled, as if washed
out of older beds, and I infer that the animals to which they belonged
once coexisted in the same sea with the associated mollusca.t
Normandy.-I observed in 1840 a small patch of shells corresponding

to those of the Suffolk Crag, near Valognes, in Normandy; and there is
a deposit containing similar fossils at St. George Bohon, and several places
a few leagues to the S. of Carentan, in Normandy; but they have never
been traced farther southwards.

Subapennine strata.-The Apennines, it is well known, are composed
chiefly of secondary rocks, forming a chain which branches off from the

Ligurian Alps and passes down the middle of the Italian peninsula. At

" E. ForbeE', Mem. Geol. Survey, Gt. Brit. vol. i. 886.
+ Lyell on Belgian Tertiarics Quart Jourit. Geol. Soc. 1852, p. 882.
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the foot of these mountains, on the side both of the Adriatic and the

Mediterranean, are found a series of tertiary strata, which form, for the

most part, a line of low hills occupying the space between the older chain

and the sea. Bi'occhi, as we have seen (p. 110), was the first Italian

geologist-who described this newer group in detail, giving it the name of

the SubapeunineS; and he classed all the tertiary strata f Italy, from

Piedmont to Calabria, as parts of the same system. Certain mineral

characters, he observed, were common to the whole; for the strata consist

generally of light brown or blue marl, covered by yellow calcareous sand

and gravel. There are also, he added, some species of fossil shells which

are found in these deposits throughout the whole of Italy.
1T0 liayc now, however, satisfactory evidence that the Subapennine

beds of Broechi, although chiefly composed of Older Pliocene strata, be

long nevertheless, in part, both to older and newer members of the ter

tiary series. The strata, for example, of the Superga, near Turin, are

Miocene; those of Asti and Parma, Older Pliocene, as is the blue marl of
Sienna; while the shells of the incumbent yellow sand of the same ter

ritory approach more neatly to the recent fauna of the Mediterranean, and

may be Newer Pliocene.
The grayish-brown or blue marl of the Subapenuino formation is very

aluminous, and usually contains much calcareous matter and scales of
mica. Near Parma it attains a thickness of 2000 feet) and is charged
throughout with marine shells, some of which lived in deep, others in
shallow water, while a few belong to freshwater genera, and must have
been washed in by rivers. Among these last I have seen the common
Limnea palustris in the blue marl, filled with 'small marine shells. The
wood and leaves, which occasionally formed beds of lignite in the same
deposit., may have been carried into the sea by similar causes. The shells,
in general, are soft when first taken from the marl, but they become hard
when dried. The superficial enamel is often well preserved, and many
shells retain their pearly lustre, part of their external color, and even the
ligament which unites the vah'es. No shells are more usually perfect
than the microscopic foraminifern, which abound near Sienna, where more
than a thousand full-grown individuals may be sometimes poured out of
the interior of a single univalve of moderate dimensions.
The other member of the Subapennino group, the yellow sand and con

glomerate, constitutes, in most places, a border formation near the junctionof the tertiary and secondary rocks. In some cases, as near the town of
Sienna, we see sand and calcareous gravel resting immediately on the
Apennine limestone, without the intervention of any blue marl. Alterna
tions are there seen of beds containing fluviatilo shells, with others filled
exclusively with marine species; and I observed oysters attached to manylimestone pebbles. The site of Sienna appears to have been a point wherea river, flowing from the Apenniucs, entered the sea when the tertiarystrata were formed.
The sand passes in some districts into a calcareous sandstone, as at San

Vignone. ILs general superposition to. the marl, even in parts of Italy
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and Sicily where the date of its origin is very distinct, may be explained
if we consider that it may represent the deltas of rivers and torrents, which

gained upon the bed of the sea where blue marl had previously been de

posited. The latter, being composed of the finer and more transportable
mud, would be conveyed to a distance, and first occupy the bottom, over

which sand and pebbles would afterwards be spread, in proportion as

rivers pushed their deltas farther outwards. In some large tracts of yel
low sand it is impossible to detect a single fossil, while in other places

they occur in profusion. Occasionally the shells are silicifieci, as at San
Vitale, near Parma, from whence I saw two individuals of recent species,
one freshwater and the other marine (Lymuca palustrzs, and cyilierea
concentrica, Lam.), both perfectly converted into flint.
Rome.-The seven hills of Rome are composed j artly of marine ter

tiary strata, those of Monte Mario, for example, of the Older Pliocene

period, and partly of superimposed volcanic tuff, on the top of which are

usually cappings of a fiuviatilo and lacustilue deposit. Thus, on Mount
Aventine, the Vatican, and the Capitol, we find beds of calcareous tufa
with incrusted reeds, and recent terrestrial shells, at the height of about
200 feet above the alluvial plain of the Tibet'. The tusk of the mammoth
has been procured from this formation, but the shells appear to be all of

living species, and must have been imbedded when the summit of the

Capitol was a marsh, and constituted one of the lowest hollows of the

country as it then existed. It is not without interest that we thus dis
cover the extremely recent date of a geological event which preceded an
historical era so remote as the building of Rome.

Aralo-Uaspianformation.9.-This name has been given by Sir R. Mur
ohison and M. do Verneui[ to the limestone and associated sandy beds,. of
brackish-water origin, which have been traced over a very extensive area

surrounding the Caspian, Azoff, and Anti Seas, and parts of the northern
and western coasts of the Black Sea. The fossil shells are partly fresh
water, as Fciludina, Heritina, &c., and partly marine, of the family Czar
ditci and Mytili. The species are identical, in great P with those
now inhabiting the Caspian; and when not living, they are analogous to
forms now found in the inland seas of Asia, rather than to oceanic types.
The limestone rises occasionally to the height of several hundred feet above
the sea, and is supposed to indicate the former existence of a vast inland
sheet of brackish water as large as the Mediterranean, or larger.
The proportion of recent species agreeing with the fauna of the Caspian

is so considerable as to leave no doubt in the minds of the geologists above
cited, that this rock, also called by them the "Steppe Limestone," belongs
to the Pliocene period.*
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Faluns of Tourainc.-The strata which we meet with next in the de

scending order are those called by many geologists "Middle Tertiary,"

Geol. of Russia, p. 279, &c.
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and for which in 1833 I proposed the name of Miocene, selecting the

faluns of the valley of the Loire in France as my, example or type.

No strata contemporaneous with these formations have as yet been met

with in the British. Isles, where the lower crag of Suffolk is the deposit

nearest in age. The term "fahius" is given provincially by French

ngriculturists to shelly sand and marl spread over the land in Touraine,

just as the "crag" was formerly much used to fertilize the soil in Suffolk.

Isolated masses of such faluns occur from near the mouth of the Loire, in

the neighborhood of Nantes, to as far inland as a district south of Tours.

They are also found at Pontlevoy, on the Oiler, about ?10 miles above the

junction of that river with the Loire, and 30 miles S. E. of Tours. De-

posits of the same ago also appear under new mineral conditions near the

towns of Dinan and Rennes, in Brittany. I have visited all the locali

ties above enumerated, and found the beds on the Loire to consist princi

pally of sand and marl, in which are shells and corals, some entire, some
rolled, and, others in minute fragments. In certain districts, as at Douó,
in the department of Maine and Loire, 10 miles S.W. of Saumur, they
form a soft building-stone, chiefly composed of an aggregate of broken
shells, biyozoa, corals, and echinoderms, united by a calcareous cement;
the whole mass being very like the Corallino Crag near Aldborough and
Sudbourn in Suffolk. The scattered patches of faluns are of slight
thickness, rarely exceeding 50 feet; and between the district called

Sologne and the sea they repose on a great variety of older rocks; being
seen to rest successively upon gneiss, clayslate, various secondary for
mations, including the chalk; and, lastly, upon the upper freshwater
limestone of the Parisian tertiary series, which, as before mentioned
(p. 111), stretches continuously from the basin of the Seine to that of
the Loire.
At some points, as at Louans, south of Tours, the shells are stained of

a ferruginous color, not unlike that, of the Red Crag of Suffolk. The
species are, for the most part., marine, but Fig. 101.
a few of them belong to land and fluviatile
genera. Among the former, Helix turo
nensis (fig. 45, p. 30) is the most abun
dant. Remains of terrestrial quadrupeds
are here and there intermixed, belongingto the genera Deinotherium (fig. 101),
Mastodon, Rhinoceros, Hippopotamus,
Chcropotanms, Dichobuno, Deer, and
others, and these are accompanied bycetacea, such as the Laniantine, Morse,
Sea-Calf; and Dolphin, all of extinct'
species. DeI,&oTherLini glgantdurn, Kaup.

Professor E. 'Forbes, after studying the fossil testacea which I obtainedfrom these beds, informs mc that ho has no doubt they were formed
partly on the shore itself at the level of low water, and partly at Verymoderate depths, not

exceeding ten fathoms below that level. The mol-
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luscous fauna of the "faluns" is on the whole much more littoral than

that of the Red and Coralline Crag of Suffolk, and implies a shallower

sea. It is, moreover, contrasted with the Suffolk Crag by the indications

it affords of an extra-European climate. Thus it contains seven species of

Cyprcva, some larger than any existing cowry of the Mediterranean, sev

eral species of Oliva, .Ancillaria, Mitra, Tcrcbra, Pyrula, .Fasciolaria,

and Conus. Of the cones there are no less than eight species, some very

large, whereas the only European cone is of diminutive size. The genus
.2Vtha, and many others, are also represented by individuals of a typo now

characteristic of equatorial seas, and wholly unlike any Mediterranean

forms. These proofs of a more elevated temperature seem to imply the

higher antiquity of the faluns as compared with the Suffolk Crag, and

are in perfect accordance with the fact of the smaller proportion of testacea

of recent species found in the faluns.
Out of 290 species of shells, collected by myself in 1840 at Poutlevoy,

Louans, Bossée, and other villages twenty miles south of Tours; and at

Savigné, about fifteen miles northwest of that. place, seventy-two only
could be identified with recent species, which is in the proportion of

twenty-five percent. A large number of the 290 species are common to*

all the localities, those peculiar to each not being more numerous than we

might expect to find in. different bays of the same sea.

The total number of testaceous inollusca from the faluns, in my pos
session, is 302; of which forty-five only were found by Mr. Wood to be

common to the Suffolk Crag. The number of corals, including bryozoa
and zoanthaiia, obtained by me at Douó, and other localities before ad

verted to, amounts to forty-three, as determined by Mr. Lonsdale, of which

seven (one of them a zoantharian) agree specifically with those of the
Suf-folk-Crag. Only one has, as yet, been identified with a living species.
But. it is difficult, notwithstanding the advances recently made by MM.

Dana, Mine Edwards, Uaiine, and Lousdale, to institute a satisfactory

comparison between recent and fossil zoantharia and bryozoa. Some of the

genera occurring fossil in Touraine, as the ilsirea, Dencirophyllia, Lunu

liles, have not been found in European seas north of the Mediterranean;

nevertheless the zoantharia. of the faluns do not seem to indicate on the

whole so warm a climate as would be inferred from the shells.

It was stated that, on comparing about 300 species of Touraino shells

with about 40 from the Suffolk Crag, forty-five only were found to be

common to both, which is in the proportion of only fifteen per cent.

The same small amount of agreement is found in the corals also. I for

merly endeavored to reconcile this marked diflrcnce in species with the

supposed coexistence of the two faunas, by imagining them to have sever

ally belonged to distinct zoological provinces 01' two seas, the one opening
to the north, and the oilier to the south, with a barrier of land between

them, like the Isthmus of Suez, separating the fled Sea and the Medi

terranean. But I now abandon that idea for several reasons; among
others, because I succeeded in 18.11 in tracing the Crag fauna southwards

in Normandy to within Seventy miles of the Faluuiau type, near Dinan,

12
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yet found that both assemblages of fossils retained their distinctive char.

actors, showing no signs of any blending of species or transition of cli

mate.
On a comparison of 280 Mediterranean shells with 600 British species,

made for me by an experienced conchologist in 1841, 160 were found to

be common to both collections, which is in the proportion of fifty-seven

per cent., a fourfold greater specific resemblance than between the seas of

the crag and the faluus, notwithstanding the greater geographical dis

tance between England and the Mediterranean than between Suffolk and

the Loire. The principal grounds, however, for referring the English crag
to the Older Pliocene and the French faluns to the Miocene epochs, con

sist in the predominance of fossil shells in the British strata identifiable
with species, not only still living, but which are now inhabitants of neigh
boring seas, while the accompanying extinct species are of genera such
as characterize Europe. In the faluns, on the contrary, the recent species
are in a decided minority; and most of them are now inhabitants of the
Mediterranean, the coast of Africa, and the Indian Ocean; in a word,
less northern in character and pointing to the prevalence of a warmer
climate. They indicate a state of things receding farther from the present
condition of central Europe in physical geography and climate, and
doubtless therefore receding farther from our era in time.
Bourdcaux.-A great extent of country between the Pyrenees and the

Gironde is overspread by tertiary deposits of various ages from the Eocene
to the Pliocene. Among these, especially near Saucats in the environs
of Bourdcau; and at Mérignac and Bazas in the same region, are
sands containing marine shells, and corals of the type of the Touraine
fahms.*

Bel9ium.-In a small hill or ridge called the Bolderberg, which I
visited in 1851, situated near flassolt, about forty miles E. N. E. of Brus
sels, strata of sand and gravel occur, to which M. Dumont first called
attention as appearing to constitute a northern representative of the faluns
of Touraiue. They are quite distinct in their fossils from the Antwerp
Crag before mentioned, and contain shells of the genera Oliva, Conus,
.Andillaric-z, Pleurotonza, and Uancellarja in abun- Fig. 102.
dance. The most common shell is an Olive (see - a 1
fig. 162), called by Nyst Ollva Dzzfresni'i, Bast.;but which is undoubtedly, as M. Bosquet observes,
smaller and shorter than the Bourdeaux species.fNorth Gtermany.__Wo learn from the able trea-tise published by N. Beyrich, in 1853, that the
fossil fauna above alluded to, which is so meagerly

Fossil Oliva, from Bolder
berg, Belgium, nat. Size.exhibited in the Bolderberg, is rich in species in a, trout view; b, back view.

other localities in North Germany, as in
Meeklenburg, Luneburg, the

* SQO a Memoir by V. Rauljn, 1848: BourdeauLf Lycil on Belgian Tertiaries, Quart. Geol. Journ. 1852, p. 205. Nyet's figureseems to be copied from that given by Basterot of the Bourdeaux fossil.Die ConchyIion des Norddeutecheu Tertilirgobirge: Berlin, 185g.
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Island Sylt, and at BersenbrUck north of Osnabrück, in Westphalia,
where it was first discovered by F. Römer. It is also said to occur at
Bocholt and other points in Westphalia; on the borders of Holland;
also at Crefeld and Dusseldorf. Not having visited these localities, I can

offer no opinion as to the agreement in age of the several deposits here

enumerated.
Vienna basin.-In South Germany the general resemblance, of the

BheIls of the Vienna tertiary basin with those of the faluns of Touraine
has long been acknowledged. In Dr. Homes' excellent work, recently
commenced, on the fossil mollusca of that formation, we see figures of

many shells of the genus Conus, some of large size, clearly of the same

species as those found in the falunian sands of Touraino. M. Aleicle

d'Orbigny has also shown that the foraminifera of the Vienna basin differ
alike from the Eocene and Pliocene species, and. agree with those of the
faluns, so far as the latter are known. Among the Vienna foraminifera,
the genus Amphisteginci (fig. 163) is very characteristic, and is supposed

Pig. 103.

Amp1itegina ffauerina1 D'Orb. Vienna, miocene strata.

by Arcbiac to take the same place among the foraminifera of the Miocene
era, which the Nummulites occupy in the Eocene period.
The Vienna basin is thought by some geologists to comprise tertiary

strata of more than one age, the lowest strata reached in boring Artesian
wells being older than the faluns.

Fiedznont.-Switrcrland.-To the same Miocene or " falunian" epoch,
we may refer a portion of the strata of the Hill of the Superga near
Turin in Piedmont,* as also part of the Molasse of Switzerland, or the

greenish sand which fills the great Swiss valley between the Alps and the

Jura. At the foot of the Alps it usually takes the form of a conglomerate
called p,ovineially "nageiflue," sometimes attaining the truly wonderful
thickness of 6000 and 8000 feet, as in the Riga near Lucerne and in
the Speer near Wesen. The lower portion of this molasse is of freshwater

origin.
Scotland.-Isle of Mull.-In the sea-cliffs forming the headland. of

Ardtun on the west coast of Mull, in the Hebrides, several bands of ter

tiary strata containing leaves of dicotyledonous plants were discovered in
1851 by the Duke of Argyle4 From his description it appeals that

there are three leaf-beds, varying in thickness from 1 to 2. feet., which
are interst.ratified with volcanic tuff and trap, the whole mass being about
130 feet in thickness. A sheet of basalt 40 feet thick covers the whole;

* Sec Sig. Gov. Nicoelottis works. f Qunrt. Geol. Joumn. 1851, p. 89.
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and another columnar bed of the same rock 10 feet thick is exposed a

the bottom of the cliff. One of the leaf-beds consists of a compressed

mass of leaves unaccompanied by any stems, as if they had been blown

into a marsh where a species of Equisetuni grew, of which the remains

are plentifully imbedded
in clay.

It is supposed by the Duke of Argyle that this formation was accumu

lated in a shallow lake or marsh in the neighborhood of a volcano, which

emitted showers of ashes and streams of lava. The tufaceous envelope of

the fossils may have fallen into the lake from the air as volcanic dust,

or have been washed down into it as mud from the adjoining land. The

deposit is decidedly newer than the chalk, for chalk flints containing cre

taceous fossils were detected by the Duke in the principal mass of vol

canic ashes or tuff.*

The leaves belong to species, and sometimes even to families, no longer

indigenous in the British Isles; and "their climatal aspect," says Pro

fessor E. Forbes, "is more mid-European than that of the English Eocene

Flora. They also resemble some of the Miocene plants of Croatia de

scribed by Unger." Some of them appear to belong to a coniferous free,

possibly a yew ( Ta.'cus) ; others, still more abundant., to a plane (Flatanus),
having the same outline and veining well preserved. No accompanying
fossil shells have been met with, and there seems therefore the same un

certainty in determining whether these beds are Upper Eocene or Mio
cene, which we experience when we endeavor to fix the age ofmany con
tinental BrownLCoal formations, those of Croatia not excepted.

These interesting discoveries in Mull naturally raise the question,
whether the basalt of Antrim in Ireland, and of the celebrated Giant's

Causeway, may not be of the same age. For in Antrim the basalt. over
lies the chalk, and the upper mass of it covers everywhere a bed of lignite
and charcoal, in which wood, with the fibre well preserved, and evidently
dicotyleclouous, is preserved4 The general dearth of strata in the British
Isles, intermediate in age between the formation of the Eocene and Plio
cene periods, may arise, says Professor Forbes, from the extent of dry land
which prevailed in the last interval of time alluded to. If land predomi
nated, the only monuments we are likly over to find of Miocene date are
those of lacustrine and volcanic origin, such as these Ardtun beds in
Mull, or the lignites and associated basalts in Antrim. On the flanks of
Mont Dor, in Auvergne, I have seen leaf-beds among the ancient volcanic
tu which I have always supposed to be of Miocene date. Some of the
Brown-Coal deposits of Germany are believed to be Miocene; others, as
will be seen in the next chapter, are Eocene, Upper or Middle.

Older Pliocene and Miocene formations j the United States.-Be
tween the Alleghany mountains, formed of older rocks, and the Atlantic,
there intervenes, in the United States, a low region occupied principally
by beds of marl, clay, and sand, consisting of the cretaceous and tertiaryformations, and chiefly of the latter. The general elevation of this plain
* Quart. Geol. Journ. 1853, p. to. f Duke of Argyle, ibid. p. 101.
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bordering the Atlantic does not exceed 100 feet, although it is sometimes
several hundred feet high. Its width in the middle and southern states

is very commonly from 100 to 150 miles. It consists, in the south, as in

Georgia, Alabama, and South Carolina, almost exclusively of Eocene de

posits; but in North Carolina, Maryland, Virginia, Delaware, more

modern strata predominate, which, after examining them in 1842, I sup

posed to be of the age of the English crag and Faluns of Touraine.* If,

chronologically speaking, they can be truly said to be the representatives
of these two European formations, they may range in age from the Older

Pliocene to the Miocene epoch, according to the classification of European
strata adopted in this chapter.
The proportion of fossil shells agreeing with recent., out of 141 species

collected by me, amounted to about 17 per cent., or one-sixth of the
whole; but as the fossils so assimilated were almost always the same as

species now living in the neighboring Atlantic, the number may hereafter
be augmented, when the recent fauna of that ocean is better known.
In different localities, also, the proportion of recent species varied con

siderably.
On the banks of the James River, in Virginia, about 20 miles below

Richmond, in a cliff about 30 feet high, I observed yellow and white
sands overlying an Eocene marl, just as the yellow sands of the crag lie
on the blue London clay in Suffolk and Essex in England. In the Vir

ginian sands, we find a profusion of an Astarte (if. nnclulata, Conrad),
which resembles closely, and may possibly be a variety of, one of the
commonest fossils of the Suffolk Crag (A. bi:partita); the other shells
also, of the genera .Yatica, Fissurella, .Artemis, Lucina, Citama, Fectun
culus, and Fccten., are analogous to shells both of the English crag and
French faluns, although the species are almost all distinct. Out of 147
of these American fossils I could only find 13 species common to Europe,
and these occur partly in the Suffolk- Crag, and partly in the faluns of

Pig. 16-L Fig. 165.

Fulgui" canaticutatus. Maryland. P1181:8 quadlko8ta(u8, Say.Maryland.

Touraine; but it is an important characteristic of the American group,
that it not only contains many peculiar extinct forms, such as Fusus

* Proceed. of the (4col. Soc. vol. iv. P 3, 1815, p. 541.
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quadricoslatus, Say (see fig. 165), and Venus tridacnoidcs, abundant in

these same formations) but also some shells which, like .11ulgur caric 01

Say and F. canaliculalus (see fig. 164), C'alypt'rca costata, Venus merce-

naria, Lam., Afodiolc glandula, Totten, and Peclen magellanicus, Lam.,

are recent species, yet of forms now confined to the western side of the

Atlantic,-a fact implying that some traces of the beginning of the pros

cut geographical
distribution of mollusca date back to a period as remote

as that of the Miocene strata.

Often species of zoophytes which I procured on the banks of the

James River, one was formerly supposed by Mr. Lonsdale to be identical

with a fossil from the faluns of Touraine, but this species sec fig. 166)

proves on re-examination to be diftrout and to g. 166.

agree generically with a coral now living on

the coast of the United States. With respect
to climate, Mr. Lousdale regards these corals as - /

indicating a temperature exceeding that of the

Mediterranean, and the shells would lead to sim

liar conclusions. Those occurring on the James

River are in the 37th degree of N. latitude,
while the French faluns are in the 47th ; yet




Atra,ig1a lineata, Lonsa1e.
the forms of the American fossils would scarcely Byn. AnUoplylturn Zinealuin.

WI1IImsburgh1 Virginia.
imply so warni a climate as must have prevailed
in France when the Miocene strata of Touraino originated.
Among the remains of fish in these Post-Eocene strata of the United

States are several large teeth of the shark family, not distinguishable
specifically from fossils of the faluns of Touraine.

India.-ScwáliL Hills.-The freshwater deposits of the sub-Tlima
]ayan or Sewfllik fills, described by Dr. Falconer and Captain Cautley,
belong probably to some part of the Miocene period, although it is di.ffl
cult to decide this question until the accompanying freshwater and land
shells have been more carefully determined and compared with fossils of
other tertiary deposits. The strata are certainly newer than the num
muhitic rocks of India, and, like the 1iluns of Touraine, they contain the
genera Deinot1ieri:m and Mastodon, with which are associated no less
than seven cxtinc species of elephants. The presence of a fossil giraffeand hippopotamus, genera now only, living in Africa, and of a camel, an
inhabitant of extensive plains, implies a former geographical tato of
things strongly contrasted with what now prevails in the same region.A species of Anoplot11e2iu71 (A. postcrogcniurn) forms a link between
this fauna and that of the El oceno period; yet., on the whole, the SewMik
mammalia have a more modern aspect than those of the Upper Eocene,
so many being referable to existing genera, whereas almost every Eocene
genus is extinct.. Moreover, the sub-Himalayan fauna exhibits a greatdevelopment of the Ruminants, an order so feebly represented in the
Eocene period. In addition to the camel and gii'aflb already alluded to,
we have here the huge Sivatlicriurn, a ruminant bigger than the rhi
noceros, and provided with a large upper lip, if not a short proboscis, and



Ca XV. UPPER EOCENE FORMATIONS. 183

having two pair of horns resembling those of antelopes. The number of

species of the genus Antelope is also remarkable. In the same fauna

appear many carnivorous beasts, often belonging to existing genera, and
several species of monkey. Among the reptiles are crocodiles, some

larger than any now living; and an enormous tortoise, Testudo Atlas, the

curved shell of which measured twenty feet across.

CHAPTER XV.

UPPER EOCENE FORMATIONS.

(Lower Miocene of many authors.)

Preliminary remarks on classification, and on the line of separation between
Eocene and Miocene strata-Whether the Limburg and contemporaneous for
mations should be called Upper Eocene-Limburg strata in Belgium--Strata
of same age in North Germany-Mayenco basin-Brown Coal of Germany
Upper Eocene of Hempstead Hill, Isle of Wight-Upper Eocene of France
Lacustrine strata of Auvergue-Indualal limestone-Freshwater strata of the
Cantal-Its resemblance in some places to white chalk with flints-Proofs of
gradual deposition-Upper Eocene of Bourdeaux, Aix-en-Provence, Malta, &c.
-Upper Eocene of Nebraska, United States.

Preliminary remarks.-Iri the last chapter it was stated that as yet we
know of no marine strata in the British Isles contemporaneous with the
faluns of Touraine, or those shelly deposits of the valley of the Loire
which I selected as the type of the Miocene period. There have, how
ever, been recently discovered in the Isle of Wight certain fluvio-marine

deposits, which many continental geologists would call "Lower Miocene,"
the "faluns" being termed by them "Upper Miocene." A few prelimi
nary remarks on this difference of nomenclature, bearing as it does on

questions involving the first principles of classification, will be necessary
before I treat of the Upper Eocene formations.
The marine strata, which in the north of France come next in chrono

logical order to the "faluns," or which immediately precede them in age,
are the sands and sandstones, called the "Grès do Fontainebleau," 01

"sables marins supóiieurs." (See General Table, p. 104.) They consti
tute the uppermost beds of the Paris basin, and are overlaid by a fresh
water limestone called "Calcaire do Ia Beauce." The upper marine sands
sontain no fossil shells common to the faluns, or extremely few species;
and no shells of living species, or, if so, they are about as scarce as in the
Middle or typical Eocene groups. In consequence of this distinctness in
the fossils, and for other reasons presently to be mentioned, I excluded
these "upper sands" from the Miocene period in former editions of this
work, availing myself of the hiatus between the Gr6s do Fontainebleau
and the faluns to draw a line of separation between Eocene and Miocene.
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In support of this classification I pointed out the fact tlt the "upper

marine sands," or Grès do Fontainebleau of the Parisian series, with their

characteristic shells, extend southwards from the French metropolis, as

far as Etampes, whiôb is within seventy miles of Pontlevoy, near Blois,

cuid not more than 100 miles from Savigné, near Tours, two localities

where timefalunian shells are very abundant. So remarkable a difference

between the species of the valley of the Loire and those of the valley

of the Seine cannot be the result of geographical distribution at one

and the same former era, but must evidently have depended on a

differ-encein the age of the deposits. It marks the influence of Time, and

not of Space.
Another reason which induced me to class the Grs do Fontainebleau

and strata of the same ago with the older series rather than with the

newer, was the decidedly Eocene aspect of the testaccous fauna, and the

fact that a certain proportion of the shells of the "upper sands" are of

species common to the underlying Parisian strata.

A different arrangement, however, was adopted by MM. Dufrénoy and

E. do Beaumont in their coloring of the Government Map of France, for

they comprehended in their Miocene group, not only the faluns of Tou

raine, but also the freshwater It calcairo do la Beauce," and the marine
sands and sandstone (Gras do Fontainebleau), 1. e. all the tertiary de

posits which lie above the gypseous series of Montmartre, a formation
well known as rich in extinct mammalia, first brought to light by the

genius of Cuvier. M. D'Archiac, in 1839, followed the same mode of
classification, dividing what he termed "Lower" from his "Middle ter

tiary" in the same way. M. Desbayes, in his work on the Fossil Shells
of the Environs of Paris (1824-183'l), had given twenty-nine species
as belonging to the upper marine strata, nearly all of which he distin
guished specifically from shells of the Calcairc GTOSSICr, although he
regarded them as characteristic of the same fauna. The railway cut
tings near Etanipe.s, in 1849, enabled M. ilébert to raise the number to
ninety, and he first pointed out that most of them agreed specifically
with shells of Kleyn Spawen, near Maestricht., in Belgium, and with
those of Rupelmondo and other places near Antwerp. These Belgian
fossils had been described by MM. Nyst, Do Koninck, and Bosqimet, and
their geological position had been accurately ascertained by M. Dumont,
and placed by him above the Brussels tertiary beds, which are the un-
doubted representatives of the Calcaire Urossier of Paris, a typicalEocene group. M. do Koninck, about the same time, remarked that
the Ricyn Spawen, or "Limburg" fossils, were in part identical with

I
tl'Ose Of the Mayence tertiary basin, a group which in my first editions
had assigned to the Miocene period. M. Beyrich more recently (1850)has described a formation of time saw age as that of Kleyn Spawen,

Hoccurring
within seven miles of the gates of Berlin, near the village of

ermsdorf; and has shown that about a third of the species agreedwith known Belgian shells of the age of the Grès do Fontainebleau,while about a fifth are English and French Middle Eocene species.



Ca. XV.] UPPER EOCENE FORMATIONS. 185

In 1851, I examined with care the Belgian formations at Rupelmonde

and Boom, near Antwerp, and in the Limburg, near Macstricht, and.

was able, with the assistance of M. Bosquet, to give a table of no less

than 201 species of shells of the era under consideration. Of these more

than a third proved to be identical with English Eocene testacea, even

when I restricted the term Eocene to its most limited sense, extending it

no farther upwards than the Middle Eocene or nummulitic formations.*

For this reason I called the Limburg or Kleyn Spawen beds Upper

Eocene, giving as my reason "that they resembled the older formations

in their fossils as much as some of the different divisions of the Eocene

series in France and England resemble each other; as much, for exam

ple, as the Barton Clay in Hampshire agrees with the London Clay

proper, or the Calcaire Grossier with the Soissonnais sands in France."

Subsequently, in the winter of 1852, Professor Edward Forbes exam

ined near Yarmouth, in the Isle of Wight, a deposit occupying a very
limited area, but about 170 feet in thickness, which he first determined
to be of the same age as the Limburg beds. They were found to be in

conformable position with the other tertiary strata previously known in

that island, and to contain abundantly some of the most characteristic

Kleyn Spawen fossils. He named this deposit "the Hempstead series,"

and classed it as Upper Eocene, for reasons similar to those which had

induced me so to name the Liinburg beds of Belgium. They cannot in

fact be separated from the subjacent Eocene strata without drawing a

line of demarcation confessedly arbitrary, and which would leave a great

many of the same species of fossils above and below it. So complete,
indeed, is the passage from the Bembridge series (an equivalent of the

gypsum of Montmartre, and therefore an acknowledged Eocene forma

tion) into the Hempstead beds, that Professor Forbes places both groups

together in his Upper Eocene division; drawing the line between Upper
and Middle Eocene at the base of the Bembridge beds.

In opposition to this view two recent authorities, who in the course of

the present year (1853) have written on the tertiary formations of Ger

many, M. Beyrich, before cited,f and Dr. Sandberger, contend that all

strata, parallel in age with the Limburg, should be termed Lower Mio

cene. M. Beyrich affirms that if the strata of the Bolderbcrg in Bel

gium, and numerous deposits of contemporaneous date of Northern

Germany already enumerated (p. 178), be of the age of the "faluns,"

then it can be shown that these same beds have so many fossils in

common with the Liinburg strata, that the latter may fairly be regarded
as Miocene, or as an older deposit of the same great period; and he

goes on to say that, unless we are prepared to allow the Eocene division

to absorb all the overlying tertiary formations, we must begin a new

series from the base of the Liinburg upwards, calling the latter Lower

* Qunrt. Geol. Journ. 1852, vol. viii. p. 322.

j Die Coiichylien tics Iorddcutscli. TerUuirgeb.: Berlin, 1853.
Uber tins Nninzer Tertilirbeckens, &e. \Viesbadcu, 1853.
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Miocene. Dr. Sandberger divides the strata of the Mayence basin into

two sections, an older and a newer, the former confessedly the equiva"

lent of the Limbnrg (or Hempstead) beds, while in the upper lie finds

some fossil remains, which appear to him to have a more modern char

acter. But when we separate from this higher division the sands of

Eppeisheim, containing bones of Deinolkcriu?n and Mastodon longirostriL

which are most probably of fhluuian age, the rest of his upper series

may be as old as the Liniburg beds, though, for want of good sections;

there is much obscurity in regard to the grouping of the beds. Dr.

Saudberger, however, gives a list of twelve shells, besides some teeth of

fish and other fossils, which are common to the Mayenco basin and the

Hesse-Cassel sands. Now the latter were classed as Subapennine or

Pliocene by Phulippi, and, although we have as yet no sufficient data

"or determining their true age, appear clearly to belong to a more mod

ern fauna than that of the Mayence basin. If such a relationship could

be established between the two as to indicate a passage from the Hesse

Cassel fauna to that of the Mayence beds, this fact would doubtless go
some way towards bearing out the views of the author.

The reader has probably by this time begun to perceive that one

cause of embarrassment, experienced in the classification of these ter

tiary formations, arises from the discovery of several missing links in the

chain of historical records. I may remind him that for more than

twenty years I have advocated in the Principles of Geology the doctrine

that there has been a continual coming in of new species, and dying out

of old ones, and a gradual change in the physical geography and cli
mate of the earth, and not such a reiteration of sudden revolutions in the

animate and inanimate worlds, as was once insisted upon by many Eng
lish geologists of note, and is still maintained by not a few of the most

distinguished continental writers. 'When, therefore, I proposed in 1833
the term Miocene for the faluns of Touraine, the fossil shells of which,

according to the determination of M. Deshayes, contained an admixture
of about seventeen in the hundred of recent species, I foretold that from
time to time new sets of strata would come to light, and require to be
intercalated between those already described, and in that case that the
fossils of newly-found beds would "deviate from the normal types first
selected, and approximate more and more to the types of the ante
cedent or subsequent epochs." According to this view, it was obvious
from the first that the oldest Miocene records, whenever they were
detected, would not be easily distinguishable from the youngest
members of the Eocene series, especially in the proportion of the
living to the extinct species of fossil shells. The importance, indeed,
of the latter test must diminish rapidly the more we recede from
the Pliocene and approach the Miocene, and still more the Eocene for
mations, although it is never without its value, and often furnishes
the only common standard of comparison between strata of very distant
countries.

I make these allusions to show that I am by no means unprepared
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for the discovery of gradations from Miocene to Eocene, and for the

probable necessity of including hereafter in the Miocene series some
fossiliferous groups which may diverge in their characters from the
standard first set up, or from the typo of the faluns of Touraino. But I
have seen, as yet, no sufficient evidence that such a passage, as is here

spoken of, has been made out. The limits of the Eocene series have

been extended, without as yet filling up the gap between that series

and the faluns of Touraine. I am desirous at the same time to explain,
that the important point now at issue is not simply one of nomenclature.
The difficulty is the same, whether we use the terms Lower and Middle

Tertiary, or Eocene and Miocene. To one or other of the periods so named
we must refer the Limburg and Hempstead beds, and the sands of the
Forest of Fontainebleau. Can we, without doing violence to paleonto
logical principles, refer all these to the same period as the faluns of
Touraine? If so, it would be immaterial whether we called them
Middle Tertiary, Miocene, or "Falunian," or by any other general name.
The question is, whether, in the present state of our information, the
mass of characteristic fossils of the groups alluded to resemble more

nearly the Eocene or the Falunian. I adhere at present to the nomen
clature formerly adopted by me for strata described in this chapter,
calling them Upper Eocene-not because of the small number of living
species of shells found in them, although this is certainly one point of

agreement between them and the "nummulitic" Eocene beds, but be
cause of the aspect of the whole fauna, which seems to me to be Eocene
rather than Falunian. Among other illustrations of this affinity, I may
refer the reader to the numerous and excellent figures of speies of the

genus Voluta given by II. Beyrich from the Limburg beds of North

Germany-forms strikingly characteristic of the Barton clay in Hamp
shire, a regular member of the Middle Eocene group. The faluns are
devoid of such forms. Until, therefore, the time arrives when the break
between the Liinburg beds and the faluns has disappeared more com

pletely, it appears to me safer to include the Liniburg and all contem

poraneous formations in the Eocene.
At the same time I have drawn the line between Middle and Upper

Eocene, as in former editions, excluding from the latter the Bembridge
beds of the Isle of Wight, or the gypseous series of Montmartre. A

preference is given to this last method, simply for convenience sake, in

order that the Upper Eocene of this work may coincide exactly with
the strata classed by so many distinguished geologists as Lower Miocene.
I am bound, however, to state, that the parting line between the Bern

bridge and Hempstead series, in tho Isle of Wight, has been shown by
Professor Forbes to be an arbitrary one-a purely conventional line,
if any thing, less marked than the line separating the Bembridge series
from time underlying St. Helen's group. (See Table, p. 200.) If re

tained as more useful, it is, as before hinted, for the sake of confor

mity with a system of classification adopted by many able geologists,
who selected it. before the uninterrupted continuity of the Eocene series



188 LIMBUBG STRATA IN BELGIUM. [Ca XV

from its nummulitie or central portions to its Upper or Limburg beds

was clearly made out.




L111!I3URG STRATA IN BELGIUM.

(Rupelian and Tongrian Systems of .Dumont.)

The best type which we as yet possess of the Upper Eocene, as defined

in the foregoing observations, consists of the beds formerly known to col

lectors as those of Kicyn Spawen. These can be best studied in the

environs of the village so named, which is situated about seven miles

west of Macstriclit, and in the old province of Limburg in Belgium. In

that region, about 200 species of testacea, marine and freshwater, have

been obtained, with many foraminifera and remains of fish.

The following table will show the position of the Limburg beds.

MI0OENE.

A. Bolderberg beds, see p. 178, seen near ilasselt.

UPPER EOCENE.

B. 1. Nucula Loam of Kleyn Spawen, same
age as clay of Rupelmonde and Boom.

B. 2. Fluvio.rnarine beds of Bergb, Lothen,
and other places near Kleyu Spawen.

B. 3. Green sand of Bergh, Necrepen, &c.,
near Kicyn Spawen: Marine.




Upper Limburg beds.-Rupelian
of Dumont.

Middle Limburg beds. -Upper
Tongrian of I)umont.

Lower Limburg Beds. -Lower
Tongrian of Dumont.

MIDDLE EOCENE.

C. Lacken and Brussels beds, with num
mulites, &c.: Louvain and Brussels.

The uppermost of the three subdivisions (B. 1) into which the Limburg
series is separated in the aboc 3 table, contains at Klcyn Spawen many of
the same fossils as the clay o. Rupelmondo and Boom, ten miles south of

Antwerp, and sixty miles N. \Y. of Kicyn Spaven. About forty species
of shells have been collected from the tile-clay worked on the banks of
the Scheldt at the villages above mentioned. At Rupelmonde, this clay
attains a thickness of about 100 feet, and much resembles in mineral
character the "London Clay," containing like it seplaria or concretions of
argillaceous limestone traversed by cracks in the interior. The shells
have been described by MM. Nyst and Do Koninck. Among them
Leda (or Nucula) De8liaycsiana (see fig. 167) is by far the most abun

Fig. lOT.

Leda Dealiayea1an. Nyt. Syn. NuouZa DuFayeaana.
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dant; a fossil unknown as yet in the English tertiary strata, but when

young much resembling Leda arnygdaloides of the London clay proper

(see fig. 227, p. 218). Among other characteristic shells are Fecten

HoeninglLausii, and a species of Ca8sidaria, and several of the genus
Picurotorna. Not a few of these testacea agree with English Eocene

species, such as Aciceon simulatus, Sow., C'ancellaria evulsa, Brander,

Uorbulapisurn (fig. 170, p. 193), and Nautilus iczac. They are accom

panied by many teeth of sharks, as Lamna contortidens, Ag., Oxyrhina

rip1iodon, Ag., Carcharodon lzeteroclon (see fig. 211), Ag., and other fish,

some of them common to the Middle Eocene strata. The same deposit
B. 1, is very imperfectly seen at Kleyn Spawen, where the lower divisions

B. 2 and B. 3 are much better developed. B. 2 consists of several alter

nations of sands and math, in which a greater or less intermixture of

fluviatie and marine shells occurs, implying the occasional entrance of a

river near the spots and possibly oscillations in the level of the bottom of

the sea. Among the shells are found Cyrcna seinistriata (fig. 171, p.

193), Cerithiunz. plicatum, Lam. (fig. 172, p. 193), .Rissoa Ijhastelii,

Bosq. (fig. 174), and Corbulcc pisuzm (fig. 1'70), four shells all common to

the Hempstead beds in the Isle of Wight, to be mentioned in the sequel.
With the above, Lucina Thierensii, and other marine forms of the genera
Venus, Limopsi8, Trochus, &c., are met with.

In B. 3, or the Lower Limburg, more than 100 marine shells have been

collected, among which the Oar= ventilabruim is very conspicuous. Spe
cies common to the underlying Brussels sands, or the Middle Eocene, are

numerous, constituting a third of the whole; but most of these are feebly

represented. in comparison with the more peculiar and characteristic shells,

such as Ostrea ventilabrum, 2fytilus Voluta sat uralis, &c.

In none of the Belgian Upper Eocene strata, could I find any nummu

lites; and M. D'Archiac had previously observed that these foraminifera

characterize his "Lower Tertiary Series," as contrasted with the Middle,

an would therefore serve as a good test of age between Eocene and Mio

cene, if the line of demarcation be drawn according to his method, or

equally so between Upper and Middle Eocene, according to the plan

adopted in this work. The same naturalist informs us that one nummu

lite only has ever yet been seen to penetrate upwards into the middle

tertiary, viz., ..&ummulitcs intermedia, an Eocene species. It has been

found in the kill of the Superga near Turin,* in beds usually classed as

Miocene, but probably somewhat older than the falunian type.

Hermsclof, near Berlin.-Professor Beyrich has described a mass of

clay, used for making tiles within seven miles of the gates of Berlin, near

the village of Hermsdorf; rising up from beneath the sands with which

that country is chiefly overspread. This clay is more than forty feet

thick, of a dark bluish-gray color, and, like that of Rupelmonde, contains

septaria. Among other shells, the Leda Desitayesiana before mentioned

(fig. 167) abounds, together with many species of Ficurotoma, Voluta, &c.,

0 Archiac, Monogr. pp. 70, 100.
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a certain proportion of the fossils being identical in species with Limburg

and Mayenco shells. M. Beyrich enumerates several other localities in

North Germany, and particularly one at Magdcburg, and several on the

Lower Elbe, where beds of the same ago appear.

Mayence basin.-I have already alluded to the elaborate description

published by Dr. F. Sandbergor of the Mayenco tertiary area, which oc

cupies a tract from five to twelve miles in breadth, extending for a great

distance along the left bank of the Rhine from Mayence to the neighbor
hood of Manhoim, and which is also found to the east north, and south

west of Frankfort. M. Do Koninek, of Lige, first pointed out to me that

the purely marine portion of the deposit (the Lower group of Dr. Sand

berger) contained many species of shells common to the Limburg beds

near KJeyn Spaweo, and to the clay of Rupelmondo, near Antwerp.

Among these he mentioned Cassidaria depressa, Trilenium argu turn,

Brander (T. flandricurn, Do Kouinck), Tornalella simulata, Rosteliaria

Sowerbyi, Leda Dcs1ayesiana (fig. 167, p. 188), Uorbulapisum (fig. 170),
and Pectuneulus terebratularis.

The marine beds are in some places covered with bracsh-water
mans containing Uyrence in great numbers, among which Ugrena semis
triata occurs, with cent/them plicatum, Uonlnilomyc& tniangula, .Mytilw
Fanjasii, and other Limburg and Hempstead shells. Perna Soldani, a
shell of the upper Eocene or Méiignac beds of the Bourdcau.x basin, but
also a Vienna basin shell, is characteristic both of the marine and brackish
series. Two species of Anthracotherium, A. magnum, Cur., and A. al
satkuin, are met with in the same deposits.
The upper portion of this Mayence series has at its base a limestone

full of Cent/la and land-shells; among which Ceritidum plicaturn. before
mentioned, and another Limburg shell, Venus incrassata, Sow., a fossil
common to the Headon or Middle Eocene of England, are met with; also
Nenitina concava (fig. 194), a Middle Eocene shell, and Rhinoceros in
cisivus, the oldest form of that genus, and called by Kaup Acerotlierium.
Next above is a limestone, in which Littoninella or Paludina infiata is a
very common fbisil, with others of the same genus. One of these, very
nearly resembling the recent Lit lorinda ulva, is found through-out this ba.sin. These shells are like grains of rice in size, and Fig. lOs.
are often in such quantity as to form entire beds of marl and
limestone, in stratified masses from fifteen to thirty feet in

just as in the Baltic modern accumulations several
feet thick of the Littorj,zella Ova are spread far and wide over
the bottom of the sea. In the same beds, several species of
.Dreissena abound, a form common to time ileadon or Middle Eocene bedsof the Isle of Wight, as well as to the existing seas. On the whole, I 8111not satisfied that. this fauna diverge from the Limburg typo towards thatof time faluns as much as Dr. Sandberger believes. Among the Mammalia,we find IIippothenju pracile, Acero(/enu7m (or Rhinoceros) i77Ci8iVUm,
Paleornery.r, (Jlwlicomys, &c. Lastly, the Eppelshmeim sand overlies thewhole, containing Deinol/terium ylganteum, and some other true Miocene



Ca. XT.] BROWN COAL OF GERMANY. 191

quadrupeds. Several mammalia, proper to the Upper Eocene series, are
also said to be associated; but there being no good section at Eppeisheim,
the true succession of the beds flom which the bones were dug out cannot

be seen, and we have yet to learn whether some remains of an older series

may not have been confounded with those of a newer one.
Brown coal qf Germany.-In a recent may on the Brown Coal de

posits of Germany, Baron Von Buch has expressed a decided opinion
that they all belong to one epoch, being of subsequent date to the great
nunimulitic period, and older than the Pliocene formations. He has

therefore called the whole Miocene. .Unfortunately, these formations

rarely contain any internal evidence of their ago, except what may be

derived from plants, constituting in every case but a fraction of an
ancient Flora, and consisting of mere leaves, without flowers or fruits.
It is often therefore impossible to form more than a conjecture as to
the precise place in the chronological series which should be assigned
to each layer of lignite or each leaf-bed. Nevertheless, enough is known
to show that some of the Brown Coals found in isolated patches be

long to the Upper Eocene, others to the Miocene, and some perhaps
to the Pliocene eras. They seeiii to have been formed at a period when
the European area had already a somewhat continental character, so that
few contemporaneous marine or even fiuvio marine beds were in progress
there.
The brown coal of Brandenburg, on the borders of the Baltic, under

lies the Hermsdorf tile-clay already spoken of, and therefore belongs to

a period at least as old as the Upper Eocene. The brown coal of

Radoboj, on the confines of Styria, is covered, says Von Buch, by beds

containing the marine shells of the Vienna




Fig. lOt).
basin, which, as before remarked, are chiefly
of the Falunian or Miocene type. This '

lignite, therefore, may be of Miocene or

Upper Eocene date, a point to be deter-
/
"

mined by the botanical characters of the

plants. In this, and most of the principal -

brown coal formations, several species of

fan-palm or Flabellaria abound. This genus
also appears in the Middle Eocene or Bern-

bridge beds in the Isle of Wight, and in the -
JJ

gypscous series of Montmartre; but it is still
/

more largely represented in the Upper Eo
cene series, accompanied by palms of the

genus P/tonicites. Various cones, and the
leaves and wood of coniferous trees, a




7/1
re also

met with at Radoboj. Species also of

C'omptonIa and .ilfyrica, with various trees, Pajili ii O/v'fl vi:: W1Hnn:1/011(1,
such as the plane or Flatanus, are recog-

MtsiUeI, In Bohemk

nized by their leaves, as also several of the Laurel tribe, especially one,
called Dap/Lnogcnc cinnainonz /blia ([1g. 169) by Ungei who, together
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with Göppert, has investigated the botany of these formations. It will

be seen that in the leaf of this Daphnogcne two veins branch oft' on

each side from the mid-rib, and run up without interruption to the

point.
On the Lower Rhine, whether in the Mavonce basin or in the Sieben

gebirge, and in the neighborhood of Bonn and Cologne, there seem to

be Brown Coals of more than one age. Von Buch tells us that the

only fossil found in the Brown Coal near Cologne, one often met with

there in the excavation of a tunnel, is the peculiar fruit, so like a cocoa

nut, called Nipadites or Burtonia Fanjasli (see fig. 220). Now this

fossil abounds in the Lower Eocene or Sheppy clay near London, also

in the Middle Eocene at Brussels; and I found it still higher in the

same nummulitic series at Cassel, in French Flanders. This fact taken

alone would rather lead us to refer the Cologne lignite to the Eocene

period.
Some of the ligLutes of the Siebengebirge near Bonn associated with

volcanic rocks, and those of ilesso CasseI which accompany basaltic out

pourings, are certainly of much later date.

UPPER EOCENE STRATA OF ENGLAND.

Hempstead beds.-Isle of 1Viq1it.-Until very lately it was supposed

by English geologists that the newest tertiary strata of the Isle of Wight

corresponded in age with the gypseous series of Montmartre near Paris;
and this idea was confirmed by the fact that the same species of Palo
tlieriu2n, Anoplotlzcriurn, and other extinct mammalia so characteristic of
the Parisian series, were also found at Binstead, neat' Ryde, in the north
ern district of the island, forming part of the fluvio-marine series. We
are indebted to Prof. E. Forbes for having discovered in the autumn of
1852 that there exist three formations, the true position of which had
been overlooked, all of them newer than the beds of Headon Hill, in
Alum Bay, which last were formerly believed to be the uppermost part of
the Isle of Wight tertiary series.
The three overlying formations to which I allude are as follows :-
1st, certain shales and sandstones called the St. Helen's beds (see

Table, p. 104, et seq.) rest immediately upon the Hendon series; 2dly,
the St. Helen's series is succeeded by the Bembridgo beds before men
tioned, the equivalent of the Montmartre gypsum; and 3dly, above
the whole is found the Upper Eocene or Hempstead series. This newer
deposit, which is l'lO feet thick, has been so called from Hempstead11111, near Yarmouth, in the Isle of Wiglit4 The following is the suc
cession of strata there discovered, the details of which are importantfor reasons explained in the preliminary remarks of this chapter (p.

* E. Forbes, Geol. Quart. Journ. 1853.
f This hill must not be confounded with Hampstead Hill, near London, wherethe Lower Eocene or London Clay is capped by Middle Eoeeno sands.
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St]3DIVISIONS 03' TIlE IIEMPSTEAD SERIES.

1. The uppermost or Corbuin beds, consisting of marine sands and days, contain
(Jorbula pium, fig. l'lO, a species common to the Middle Eocene clay of
Barton; Cyrena semi8triata, hg. ill, which is also a middle Eocene fossil;
several Ceritlaia, and other shells peculiar to this series.

Fig. iTO.

Corbula pisuni. ]Tompstcad Beds,
Isle of Wigilt.




Fig. 111.

C'rena sems(riata.
llompstcad Beds.

2. Next below are freshwater and estuary mans and carbonaceous clays, in the
brackish-water portion of which are found abundantly Ccritliiuim plicatum,
Lam., fig. 112, C elegans, fig. 113, and C. trici;zctum; also .Rissoa C/uzs(clji,
fig. 174, a very common Limburg shell, and which occurs in each of the foui
subdivisions of the Hempstead series down to its base, where it passes into
the Bembridge beds. In the freshwater portion of the same beds Faludina

Fig. 172. 1?lg. 178.

CerWzium plicatum., CarU11urn elegans,
Lam. Hempstead. Hempstead.




Fig. 174. Fig. 175.

Rl.qsoa (Jhastelil, yst, Paludina lenta
Sp. Tlompstcad, Isle Ilompstcad Beds.
of Wight.

lenta, fig. 115, occurs a shell identified by some conchologists with a species
now living, F. unicolor; also several species of Lynzncus, Planorbis, and lTnio.

3. The next series, or middle freshwater and estuary mans, are distinguished by
the presence of Melaniafascia ta,, Paludina lcnta, and clays with Cypris; the
lowest bed contains (Jyrena scmistriata, fig. 111, mingled with C'critlila and a
Fanopcra.

4. The lower freshwater and estuary marls contain Melania costata, Sow., Mc
lanopsis, &c. The bottom bed is carbonaceous, and called the "band,"
in which Ris8oa Uhastelil, fig. 173, before alluded to, is common. This bed
contains a mixture of Hempstead shells with those of the underlying Middle
Eocene or Bembnidge series. The seed-vessels of C'1ara nzcdica,ginula, Brong.,
and U. /elcctcras are characteristic of the Hempstead beds generally. The
mammnlin, among which is a species of Jiyotherium, differ, so far as they are
known, from those of the BembriJge beds immediately underlying.
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Between the Hempstead beds above described and those next below them, there

is no break, as before stated, p. 187. The freshwater, brackish, and marine

limestones and marls of the underlying or Bembridge group are in conformable

stratification, and contain yrcna senzistriata., fig. 171, .i3fclania Inuricata, Palu

dma lenta, fig. 175, and several other shells belonging to the Hempstead beds.

Prof. Forbes therefore classes both of them in the same Upper Eocene division.

I have called the Bembridge beds Middle Eocene, for convenience sake, as

already explained (pp. 183 187.)

UPPER EOCENE STRATA OF FRANCE.

(Lower Miocene of many French authors.)

The Grcs do Fontainebleau, or sandstone of the Forest of Fontainebleau,

has been frequently alluded to in the preceding pages, as corresponding
in ago to the Limbtu'g or Hempstead beds. It. is associated in the sub

urbs of Paris with a set of strata, very varied in their composition, and

containing in their lower portion a green clay with abundance of small

oysters (Ostrea cyathula, Lam.) which are spread over a wide area. The

marine sands and sandstone which overlie this clay include cytherca in
crassata and many other Liiuburg fossils, the finest collections of which
have been made at Etampes, south of Paris, where they occur in loose
sand. The Gras do Fontainebleau is sometimes called the "Upper marine
sands" to distinguish it from the "Middle sands" or Grôs do Beauchamp,
a Middle Eocene group.

Ualcafrc lacustre supricur.-Above the Grs do Fontainebleau is seen
the upper freshwater limestone and marl, sometimes called Calcaire do Ia
Beauce, which with its accompanying mans and siliceous beds seem to
have been formed in marshes and shallow lakes, such, as frequently over

spread the newest parts of great deltas. Beds of flint, continuous or in
nodules, accumulated in these lakes,-and Ulzan'e, aquatic plants, already
alluded to, left their stems and seed-vessels imbedded both in the marl
and flint, together with freshwater and land-shells. Some of the siliceous
rocks of this formation are used extensively for millstones. The flat sum
mits or platforms of the hills round Paris-large areas in the forest of
Fontainebleau, and the Plateau do Ia Beauce, between the Seine and the
Loire, are chiefly composed of these upper freshwater strata. When they
reach the valley of the Loire, they occasionally underlie and form the
boundary of the marine Miocene faluns, fragments of the older freshwater
limestone having been broken off and rolled on the shores and, in the bed
of the Miocene sea, as at Pontlevoy, on the Cher, where the perforatingmarine shells of the Miocene period still remain in hollows drilled in the
blocks of Eocene limestone.

Central Francc._Lactrine strata, belonging, for the most part, to
the same Upper Eocene series, are again met with in Auvergne, Cantal,
and Veiny, the sites of which may be seen in the annexed map. They
appear to be the monuments of ancient lakes, which, like some of those
now existing in Switzerland, once occupied the depressions in a mountain
us region, and have been each fed by one or more rivers and torrents.
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Fig. ITO.
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The country where they occur is almost entirely composed of granite

and different varieties of granitic schist, with here and there a few

patches of secondary strata, much dislocated, and which have probably

suffered great denudation. There are also some vast piles of volcanic

matter (see the map), the greater part of which is newer than the fresh

water strata, and is sometimes seen to rest upon them, while a small part

has evidently been of contemporaneous origin. Of these igneous rocks

I shall treat more particularly in another part of this work.

Before entering upon any details, I may observe, that the study -f

these regions possesses a peculiar interest, very distinct in kind from that

derivable from the investigation either of the Parisian or English ter

tiary areas. For we are presented in Auvergne with the evidcnc of a

series of events of astonishing magnitude and grandeur, by which the

original form and features of the country have been greatly changed,

yet never so far obliterated but that they may still, in part at least, be

restored in imagination. Great lakes have disappeared,-lofty moun

tains have been formed, by the reiterated emission of lava, preceded and

followed by showers of sand and scoria,-deep valleys have been sub

sequently furrowed out through masses of lacustrinc and volcanic origin,
-at a still later date, new cones have been thrown up in these valleys,
new lakes have been formed by the damming up of rivers,-and more

than one creation of quadrupeds, birds, and plants, Eocene, Miocene, and

Pliocene, have followed in succession; yet the region has preserved from
first to last its geographical identity; and we can still recall to our

thoughts its external condition and physical structure before these
wonderful vicissitudes began, or while a part only of the whole had
been completed. There was first a period when the spacious lakes, of
which we still may trace the boundaries, lay at the foot of mountains of
moderate elevation, unbroken by the bold peaks and precipices of Mont
Dor, and unadorned by the picturesque outline of the Puy de Dome, or
of the volcanic cones and craters now covering the granitic platform.
During this earlier scene of repose deltas were slowly formed; beds of
marl and sand, several hundred feet thick, deposited; siliceous and cal
careous rocks precipitated from the waters of mineral springs; shells and
insects imbedded, together with the remains of the crocodile and tor
toise, the eggs and bones of water birds, and the skeletons of quadrmi
peds, some or them belonging to the same genera as those entombed in
the Eocene gypsum of Paris. To this tranquil condition of the surface
succeeded the era of volcanic eruptions, when the lakes were drained,
and when the fertility of the mountainous district was probably, enhanced
by the igneous matter ejected from below, and poured down upon the
more sterile granite. During these eruptions, which appear to have
:aken place after the disappearance of the upper Eocene fauna, and partlym time Miocene epoch, the mastodon, rhinoceros, elephant, tapir, hippo
potamus, together with the ox, various kinds of deer, the bear, hymns,and many beasts of prey, ranged the forest, or pastured on the plain, andwere occasionally overtaken by a fall of burning cinders, or buried in
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flows of mud, such as accompany volcanic eruptions. Lastly, these quad

rupeds became extinct and gave place to Pliocene mammalia (see chap.
xxxii.), and these in. their turn, to species now existing. There are no

signs, during the 'whole time required for this series of events, of the sea

having intervened, nor of any denudation which may not have been

ac-complished.by currents in the different lakes, or by rivers and floods ac

cothânying repeated earthquake; during which the levels of the district

have in some places been materially modified, and perhaps the whole up
raised relatively to the surrounding parts of France.

Auvergne.---The most northern of the freshwater groups is situated in

the-valley-plain of the Allier, which lies within the department of the Puy
de Dome, being the tract which went formerly by the name of the Li

magne d'Auvergue. It is inclosed by two parallel mountain ranges,
that of the Forôz, which divides the waters of the Loire and. Allier, on
the east; and that of the Monts Domes, which separates the Allier from
the Sioule, on the west.* The average breadth of this tract is about 20
miles; and it is for the most part composed of nearly horizontal strata of
sand, sandstone, calcareous marl, clay, and limestone, none of which ob
serve a fixed and invariable order of superposition. The ancient borders
of the lake, wherein the freshwater strata were accumulated, may gen
erally be traced with precision, the granite and other ancient rocks rising
up boldly from the level country. The actual junction, however, of the
lacustrine and granitic beds is rarely seen, as a small valley usually in
tervenes between them. The freshwater strata may sometimes be seen
to retain their horizontality within a very slight distance of the border
rocks, while in some places they are inclined, and in few instances vertical.
The principal divisions into which the lacustrine series may be separated
are the following ;-lst, Sandstone, gilt, and conglomerate, including red
marl and red sandstone. 2dly, Green and white foliated marls. 3dly,
Limestone or travertin, often oolitic. 4thly, Gypseous marls.

1. a.. Sandstone and conglomcrate.-Strata of sand and travel, some
times bound together into a solid rock, are found in great abundance
around the confines of the lacustilne basin, containing, in different places,
pebbles of all the ancient rocks of the adjoining elevated country; namely,
granite, gneiss, mica-schist, clay-slate, porphyry, and others, but without

any intermixture of basaltic or other tertiary volcanic rocks. These strata
do not form one continuous baud around the margin of the basin, being
rather disposed like the -independent deltas which grow at the mouths of
torrents along the borders of existing lakes.
At Chamalieres, near Clerniont, we have an example of one of these

deltas, or littoral deposits, of local extent, where the pebbly beds slope
away from the granite, as if they had formed a talus beneath the waters
of the lake near the steep shore. A section of about 50 feet in vertical

height has been laid open by a torrent, and the pebbles are seen to con
sist throughout of rounded and angular fragments of granite, quartz,

* Scropo, Geology of Central France, p. 15.
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primary slate, and red sandstone. Partial layers of lignite and pieces of

wood are found in these beds.

At some localities on the margin of the basin quartzose grits are found;

and, where these rest on granite, they are sometimes formed of separate

crystals of quartz, mica, and feispar, derived from the disintegrated granite,

the crystals having been subsequently bound together by a siliceous ce

ment. In these cases the granite seems regenerated in a new and more

solid form; and so gradual a passage takes place between the rock of

crystalline and that of mechanical origin, that we can scarcely distinguish

where one ends and the other begins.
In the hills called the Puy do Jussat and La Roche, we have the advan

tage of seeing a section continuously exposed for about '100 feet in thick

ness. At the bottom are foliated mans, white and green, about 400 feet

thick; and above, resting on the mans, are the quartzose grits, cemented

by calcareous matter, which is sometimes so abundant as to form imbed

ded nodules. These sometimes constitute spheroidal concretions 6 feet in

diameter, and pass into beds of solid limestone, resembling the Italian

travertins, or the deposits of mineral springs.
1. b. Red marl and sandstone.-But the most remarkable of the

arenaceous groups is one of red sandstone and red marl, which are iden

tical in all their mineral characters with the secondary New Red sand

stone and marl of England. In these secondary rocks the red ground is

sometimes variegated with light greenish spots, and the same may be
seen in the tertiary formation of freshwater origin at Coudes, on the Al
11cr. The mans are sometimes of a purplish-red color, as at Champheix,
and are accompanied by a reddish limestone, like the well-known "corn
stone," which is associated with the Old Red sandstone of English geol
ogists. The red sandstone and marl of Auvergne have evidently been
derived from the degradation of gneiss and mica-schist., which are seen
in situ on the adjoining hills, decomposing into a soil very similar to the

tertiary red sand and marl. We also find pebbles of gneiss, mica-schist,
and quartz in the coarser sandstones of this group, clearly pointing to
the parent rocks from which the sand and marl are derived. The red
beds, although destitute themselves of organic remains, pass upwards
into strata containing tertiary fossils, and are certainly an integral part of
the lacustrine formation. From this example the student will learn bow
small is the value of mineral character aloiic, as a test of the relative age
of rocks.

2. Green and white foliated marls.-The same primary rocks of Au
vergne, which, by the partial degradation of their harder parts, gave rise
to the quartzose grits and conglomerates before mentioned, would, by the
reduction of the same materials into powder, and by the decompositionof their feispar, mica, and hornblende, produce aluminous clay, and, if a
sufficient quantity of carbonate of limo was present, calcareous marl.
This fine sediment would naturally be carried out to a greater distance

Sfi-oin
the sbore, as are the various finer marls now deposited in Lake

uperior. And as, in the American lake, shingle and sand are annually
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amassed near the northern shores, so in Auvergne the grits and con

glomerates before mentioned were evidently formed near the borders.

The entire thickness of these mans is unknown; but it certainly ex

ceeds, in some places, '100 feet. They are, for the most part, either light

green or white, and usually calcareous. They are thinly foliated,-a

character which frequently arises from the innumerable thin shells, or

carapace-valves, of that small animal called Cypris. This animal is pro
vided with two small valves, not unlike those of a bivalve shell, and

moults its integuments periodically, which the couchiferous mollusks do

not. This circumstance may partly explain the countless myriads of the

shells of Cypr-is which were shed in the ancient lakes of Auvergne, so as

to give rise to divisions in the marl as thin as paper, and that, too, in

stratified masses several hundred feet thick. A more convincing proof of

the tranquillity and clearness of the waters, and of the slow and gradual
process by which the lake was filled up with fine mud, cannot be desired.
But we may easily suppose that, while this fine sediment was thrown
down in the deep and central parts of the basin, gravel, sand, and rocky
fragments were hurried into the lake, and deposited near the shore, form

ing the group described in the preceding section.
Not far from Clermont, the green mans, containing the C'ypris in

abundance, approach to within a few yards of the granite which forms

the borders of the basin. The occurrence of these marls so near the

ancient margin may be explained by considering that, at the bottom of

the ancient lake, no coarse ingredients were deposited in spaces inter

mediate between the points where rivers and torrents entered, but finer

Fig. 17T.

Vertical strata of marl, at Champradolle, near C!erinonL
A. Granite. B. Space of60 feet, in which no section is aeon.
0. Green marl, vertical and Inclined. D. White marl.

mud only was drifted there by currents. The verticality of some of the

beds in the above section bears testimony to considerable local disturb

ance subsequent to the deposition of the mans; but such inclined and

vertical strata are very rare.

3. Limestone, travertin, oolitc.-Both the preceding members of the

lacustrine deposit, the mans and grits, pass occasionally into limestone.

Sometimes only concretionary nodules abound in them; but these, where

there is an increase in the quantity of calcareous matter, unite into reg
ular beds.
On each side of the basin of the Limagne, both on the west at Gan

nat, and on the east at Vichy, a white oolitic limestone is quarried. At
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Vichy, the oolito resembles our Bath stone in appearance and beauty;

and, like it is soft when first taken from the quarry, but soon hardens

on exposure to the air. At Gannat, the stone contains land-shells and

bones of quadrupeds. At Chadrat, in the hill of La Serre, the limestone

is pisolitic, the small spheroids combining both the radiated and concen-

tric structure.
Indusial iimcstone.-There is another remarkable form of freshwater

limestone in Auvergne, called "indusial," from the cases, or indusicv, of

caddis-worms (the larv of PlLryganca); great heaps of which have

been incrustcd, as they lay, by carbonate of lime, and formed into a hard

travertin. The rock is sometimes purely calcareous, but there is occa

sionally an intermixture of siliceous matter. Several beds of it are fre

quently seen, either in continuous masses, or in concretionary nodules,

one upon another, with layers of marl interposed. The annexed drawing

(fig. 178) will show the manner in which one of these indusial beds (a)
is laid open at the surface, between the marls (b b), near the base of the
hill of Gergovia; and affords, at the same time, an example of the extent
to which the lacustrine strata, which must once have filled a hollow, have
been denuded, and shaped out into hills and valleys, on the site of the
ancient lakes.




Fir. ITS.

Bed .f induslat limestono, intorstraflflod with freshwater marl, near Ckrziiont (KIolnchrod).

We may often observe in our ponds the F/i riganca (or Cadclice-fly),.n its caterpillar state, covered with small freshwater shells, which theyhave the power of fixing to the outside of their tubular cases, in order,
probably, to give them weight and strength. The individual figured in
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the annexed cut, 'which belongs to a species very abundant in England,

has covered its case with shells of a small
Fig. 179.




Planorbis. In the same manner a large

Eocene lakes of Auvergne, was accustomed
species of caddis-worm, 'which swarmed in the

to attach to its dwelling the shells of a small

spiral univalve of the genus Faludina. A

Larva of rcont Phryganoa. hundred of these minute shells are some-

times seen arranged around one tube, part of the central cavity of which

is often empty, the rest being filled up with thin concentric layers of

travertin. The cases have been thrown together confusedly, and often

lie, as in fig. 180, at right angles one to the other. When we consider

Fig. ISO.

a. I.nduslal limestone of Auvergne. b. Fossil FaucUna magnified.

that ten or twelve tubes are packed within the compass of a cubic inch,
and that some single strata of this limestone are 6 feet thick, and may
be traced over a considerable area, we may form some idea of the count
less number of insects and. mollusca which contributed their integuments
and shells to compose this singuhirly constructed rock. It is unnecessa

ry to suppose that the Pkrygancw lived on the spots where their cases
are now found; they may have multiplied in the shallows near the

margin of the lake, or in the streams by which it was fed, and their
cases may have been drifted by a current far into the deep water.

In the summer of 1837, when examining, in company with Dr. Beck,
a small lake near Copenhagen, I had an opportunity of witnessing a
beautiful exemplification of the manner in which the tubular cases of

Auvergne were probably accumulated. This lake, called the Fuure-Soe,

occurring in the interior of Seeland, is about twenty English miles in
circumference, and in some parts 200 feet in depth. Round the shallow
borders an abundant crop of reeds and rushes may be observed, covered
with the indusie of the Pkryganea grandis and other species, to which
shells are attached. The plants which support them are the bulirush,
Scirpus lacustris, and common reed, .Arundo pkragnutes, but chiefly the
former. In summer, especially in the month of June, a violent gtist of
wind sometimes causes a current by whiie] these plants are torn up by
the roots, washed away, and floated off in long bands, more than a mile
in length, into deep water. The Uypris swarms in the same lake; and
calcareous springs alone are wanting to form extensive beds of indusial
limestone, like those of Auvergne.

I believe that. the British Specimen hero figured i P. rliombica, Linn.
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4. Gypseous marls.-More than 50 feet of thinly laminated gypseous

mans, exactly resembling those in the lull of Montmartre, at Paris, are

worked for gypsum at St. Romain, on the right bank of the Allier. They

rest on a series of green cypridiferous mans which altetnate with grit, the

united thickness of this inferior group being seen, in a vertical section on

the banks of the river, to exceed 250 feet.

General arrangement, origin, and age of the freshwater formations

of Auvergne.-The relations of the different groups above described can

not be learnt by the study of any one section; and the geologist who

sets out with the expectation of finding a. fixed order of succession may

perhaps complain that the different parts of the basin give contradictory

results. The arenaceous division, the mans, and the limestone, may aL

be seen in some places to alternate with each other; yet it can by no

means be affirmed that there is no order of arrangement. The sands,

sandstone, and conglomerate constitute in general a littoral group; the

foliated white and green mans, a contemporaneous central deposit; and

the limestone is for the most part subordinate to the newer portions of

both. The uppermost marls and sands arc more calcareous than the

tower; and we never meet with calcareous rocks covered by a consider

able thickness of quartzose sand or green marl. From the resemblance

of the limestones to the Italian travertins, we may conclude that they
were derived from the waters of mineral springs,-such springs as even

now exist in Auvergne, and which may be seen rising up through the

granite, and precipitating travertin. They are sometimes thermal, but
this character is by no means constant.

It seems that, when the ancient lake of the Limagne first began to be
filled with sediment, no volcanic action had yet produced lava and scorkc
on any part of the surface of Auvergne. No pebbles, therefore, of lava
were transported into the lake,-no fragments of volcanic rocks im
bedded in the conglomerate. But at a later period, when a considerable
thickness of sandstone and marl had accumulated, eruptions broke out,
and lava and tuft' were deposited, at some spots, alternately with the
lacustrine strata. It is not improbable that cold and thermal springs,
holding different mineral ingredients in solution, became more numerous
during the successive convulsions attending this development of volcanic
tacren

0
t, ey, and thus deposits of carbonate and sulphate of lime, silex, and.
other minerals were produced. Hence these minerals predominate in
the uppermost strata. The subterranean movements may then have
continued, until they altered the relative levels of the country, and caused
the waters of the lakes to be drained oft; and the farther accumulation
of regular freshwater strata to cease.
We may easily conceive a similar series of events to give rise to anal

ogous results in any modern basin, such as that of Lake Superior, for
example, where numerous rivers and torrents are carrying down the
detritus of a chain of mountains into the lake. The transported materials must be arranged according to their size and weight, the coarser
near the shore, the finer at a greater distance from land; but in the
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gravelly and sandy beds of Lake Superior no pebbles of modern volcanic
rocks can be included, since there are none of these at present in the
district. If igneous action should break out in that country, and pro
duce lava, scorize, and thermal springs, the deposition of gravel, sand,
and marl might still continue as before; but, in addition, there would

then be an intermixture of volcanic gravel and tuff, and of rocks precip
itated. from the waters of mineral springs.

Although the freshwater strata of the Limagne approach generally to

a horizontal position, the proofs of local disturbance are sufficiently
numerous and violent to allow us to suppose great changes of level since
the lacustrine period. We are unable to assign a northern barrier to the
ancient lake, although we can still trace its limits to the east, west, and
south, where they were formed of .bold granite eminences. Nor need
we be surprised at our inability to restore entirely the physical geography
of the country after so great a series of volcanic eruptions; for it is by
no means improbable that one part of it, the southern, for example, may
have been moved upwards bodily, while others remained at rest, or even
suffered a movement of depression.
Whether all the freshwater formations of the Liniagne d'Auvergne

belong to one period, I cannot pretend to decide, as large masses both of
the arenaceous and many groups are often devoid of fossils. Some of
the oldest or lowest sands and mails may very probably be of Middle
Eocene date. Much light has been thrown on the mammiferous fauna by
the labors of MM. Bravard and Croizet, and by those of M. Pomel. The
last-mentioned naturalist has pointed out the specific distinction of all, or

nearly all, the species of mammalia from those of the gypseous series near
Paris, although many of the forms are analogous to those of Eocene

quadrupeds. The Cainotlieriunz, for example, is not far removed from
the Anoploilzeriurn, and is, according to Waterhouse, the same as the

genus Microtherium of the Germans. There are two species of marsupial
animals allied to Dideiphys, a genus also found in the Paris gypsum, and

several forms of ruminants of extinct genera, such as Ampliltragulas elegans
of Pomel, which has been identified with a Rhenish species from Weisse

nau near Mayence, called by Kaup DorcatlLeriunL nanurn; other associ

ated fossils, e. g., ATicrot1icriun .Rcuggeri, and a small rodent, Titanoniys,
are also specifically the same with mammalia of the Mayence basin. The

Hyanodon, a remarkable carnivorous genus, is represented by more than

one species, and the oldest representative of the genus lkfaclLairodus has

been discovered in these beds in Auvergne. The first of these, Hyanoc1on,
also occurs in the English Middle-Eocene mans of iordwdll cliff; Hamp
shire, considerably below the level of the Bembridge limestone, with

Paleotheria. Upon the whole it is clear that a large portion of the

Limagne rocks have been correctly referred by French geologists to their

Middle Tertiary, and to that part of it which is called Upper Eocene
in this work.

Uanlal.-A freshwater formation, of about the same age and very

analogous to that of Auvergne, is situated in the department of Haute
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Loire, near the town of Lo Puy, in Velay; and another occurs neat

Aurillac, in Cantal. The leading feature of the formation last mentioned,

as distinguished from those of Auvergne and Veiny, is the immense

abundance of silex associated with calcareous mans and limestone.

The whole series may be separated into two divisions; the lower, com

posed of gravel, sand, and clay, such as might have been derived from

the wearing down and decomposition of the granitie schists of the

surrounding country; the upper system, consisting of siliceous and calca

reous mans, contains subordinately gypsum, silex, and limestone.

The resemblance of the freshwater limestone of the Cantal, and its

accompanying flint, to the upper chalk of England, is very instructive,

and well calculated to put the student upon his guard against rely

ing too implicitly on mineral character alone as a safe criterion of rela

tive age.
When we approach Aurillac from the west, we pass over great henthy

plains, where the sterile mica-schist is barely covered with vegetation.
Near Ytrac, and between La-Capello and Viscamp, the surface is strewed
over with loose broken flints, some of them black in the* interior, but
with a white external coating; others stained with tints of yellow and
red, and, in appearance precisely like the flint gravel of our chalk districts.
When heaps of this gravel have tints announced our approach to a new
formation, we arrive at length at the escarpment of the ]acustnine beds.
At the bottom of the bill which rises before us, we see strata of clay
and sand, resting on mica-schist; and above, in the quarries of Belbet,
Leybros, and Bruel, a white limestone, in horizontal strata, the surface of
which has been hollowed out into irregular furrows, since filled up with
broken flint, marl, and dark vegetable mould. In these cavities we recog
nize an exact counterpart to those which are so numerous on the fui
rowed surface of our own white chalk. Advancing from these quarries
along a road made of the white limestone, which reflects as glaring a light
in the sun as do our roads composed of chalk, we reach, at length, in
the neighborhood of Aunillac, hills of limestone and calcareous marl, in
horizontal strata, separated in some places by regular layers of flint in
nodules, the coating of each nodule being of an opaque white color, like
the exterior of the flinty nodules of our chalk.
The abundant supply both of siliceous, calcareous, and gypseous matter, which the ancient lakes of France received, may have been connected

with the subterranean volcanic agency of which those regions were so
long the theatre, and which may have impregnated the springs with min-0




matter, even before the great outbreak of lava. It is well known thatthe hot springs of Iceland, and many other countries, contain silex in solution; and it has been lately affirmed, that steam at a high temperature is
capable of

dissolving quartzoso rocks without the aid of any alkaline orother flux.* Warm water charged with siliceous matter would immedi
ately part with a portion of its silex, if its temperature was lowered bymixing with the cooler waters of a lake.

* See Proceedings of Royal Soc., No. 44, p. 288.
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A hasty observation of the white limestone and flint of Aurillac might

convey the idea that the rock was of the same age as the white chalk of

Europe; but when we turn from the mineral aspect and composition to

the organic remains, we find in the flints of the Canthi seed-vessels of the

freshwater Chara, instead of the marine zoophytes so abundant in chalk

flints; and in the limestone we meet with shells of .Lirnnca, Planorbrs,

and other lacustrinc genera.
Proofs of gradual depo8ition.-Some sections of the foliated mans in

the valley of the Cer, near Aurillac, attest, in the most unequivocal mari

ner, the extreme slowness with which the materials of the lacustrine series

were amassed. In the hill of Barrat, for example, we find an assemblage
of calcareous and siliceous mans; in which, for a depth of at ]east 00

feet the layers are so thin, that thirty are sometimes contained in the

thickness of an inch ;.and when they are separated, we see preserved in

every one of them the flattened stems of Ulzane, or other plants, or some

times myniads of small Paludina and other freshwater shells. These

minute ibliations of the marl resemble precisely some of the recent lamina

ted beds of the Scotch marl lakes, and may be compared to the pages of

a book, each containing a history of a certain period of the past. The

different layers may be grouped together in beds from a foot to a foot

and. a halfin thickness, which are distinguished by differences of composi
tion and color, the tints being white, green, and brown. Occasionally
there is a parting layer of pure flint, or of black carbonaceous vegetable
matte; about an inch thick, or of white pulverulent marl. We find sev

eral hills in the neighborhood of Aurillac composed of such materials, for

the height of more than 200 feet from their base, the whole sometimes

covered by rocky currents of trachytic or basaltic lava.*

Thus wonderfully minute are the separate parts of which some of the

most massive geological monuments are made up! When we desire to

classify, it is necessary to contemplate entire groups of strata in the aggre

gate; but if we wish to understand the mode of their formation, and to

explain their origin, we must think only of the minute subdivisions of

which each mass is composed. We must bear in mind how many thin

leaf-like seams of matter, each containing the remains of myniads of tes

tacea and plants, frequently cuter into the composition of a single stratum,

and how vast a succession of these strata unite to form a single group!
We must remember, also, that piles of volcanic matter, like the Plomb

du Cantal, which rises in the immediate neighborhood of Aurillac, are

themselves equally the result of successive accumulation, consisting of

reiterated sheets of lava, showers of sconie, and ejected fragments of

rock.-Lastly, we must not forget that continents and mountain-chains,

colossal as are their dimensions, are nothing more than an assemblage of

many such igneous and aqueous groups, formed in succession during an

indefinite lapse of ages, and superimposed upon each other.

Bourdeaux, Aix, &c.-Thc Upper Eocene Strata in the Bourdeaux

* Lydi and Murchison, our lcs Depots Lacustres Tertinires du Cautal, &c. Ann.
des Sci. Nat. Oct. 1829.
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basin are represented, according to M. Raulin, by the Falun do Leognan,

arid the underlying limestone of St. Macaire. By many, however, the

upper of these, or the Leognan beds, are considered to be no older than

the faluns of Touraine. The freshwater strata of Aix-en-Provence are

probably Upper Eocene; also the tertiary rocks of Malta, Crete, Cerigo,

and those of many parts of Greece and other countries bordering the

Mediterranean.
Nebraska; United States.-In the territory of Nebraska, on the Upper

Missouri, near the Platte River, lat. 42° N., a tertiary formation occurs,

consisting of white limestone, mans, and siliceous clay, described by Dr.

D. Dale Owen,* in which many bones of extinct quadrupeds, and of

cholonians of land or freshwater forms, are met with. Among these,

Dr. Leidy recognizes a gigantic Falotkeriurn, larger than any of the

Parisian species; several species of the genus Orcodon, Leidy, uniting the

characters of pachyderms and ruminants; Eucroiciphus, another new

genus of the same mixed character; two species of rhinoceros of the

sub-genus Acerotlzerium, an Upper Eocene form of Eurpo before men

tioned; two of Archcot1icriurn, a pachyderm allied to Ulueropotarnus
and Hyracotheriun; also Fo2brotlzeriuni, an extinct ruminant allied to

.Dorcatheriunv, Kaup; also Agrioc1to.'gus of Leidy, a ruminant allied

to Merycopotarnus of Falconer and Cautley; and, lastly, a large car
nivorous animal of the genus Machairodus, the most ancient example
of which in Europe occurs in the Upper Eocene beds of Auvergne.
The turtles are referred to the genus Testudo, but have some affinity
to Ernys. On the whole, this formation has, I believe, been correctly
referred by American writers to the Eocene period, in conformity with
the classification adopted by me, but would, I conceive, be called Lower
Miocene by those who apply that term to all strata newer than the
Paris gypsum.

* David Dale Owen, Geol Survey of Wisconsin, &c: Philad. 1852.
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CHAPTER XVI.

MIDDLE AND LOWER EOCENE FORMATIONS.

Middle Eocene strata of England-Fluvio-marine series in the Isle of Wight and

Hampshire-Successive groups of Eocene Mammalia-Fossils of Barton Clay--
Shells, mummulites, fishes, and reptiles of the Bngshot and Brackleshain beds
-Lower Eocene strata of England-Fossil plants and shells of the London

Clay proper-Strata of Kyson in Suffolk-Fossil monkey and opossum-Plastic
clays and sands-Thanet sands-Middle Eocene formations of France-Gyp
semis series of Montmartre and extinct quad rupeds-Calcaire grossicr-Milio
Jites-Lower Eocene in France-Nummulitic formations of Europe and Asia
Their wide extent; referable to the Middle Eocene period-Eoceno strata in
the United States-Section at Claiborne, Alabama-Colossal cetacean-Orbitoid
limestone-Burr-stone.

T strata next in order in the descending series are those which I
term Middle Eocene. In the accompanying map, the position of several
Eocene areas is pointed out, such as the basin of the Thames, part of

Fig. 181.
Map of the principal tertiary basins of the Eoceno period.

N. 13. The space left blank Is occupied by secondary formations from the Devonian or old red
sandstone to the chalk inclusive.

Hampshire, part of the Netherlands, and the country round Paris. The
three last-mentioned areas contain some marine and freshwater formations,
which have been already spoken of as Upper Eocene, but their superficial
extent in this part of Europe is insignificant.

ENGLISH MIDDLE EOCENE FORMATIONS.

The following table will show the order of succession of the strata found
in the Tertiary areas, commonly called the London and Hampshire
basins. (See also Table, p. 104, e¬ seq.)

ogone rocks and strata
der than the Dovn1an

Eoceuo formntions.

or Old Rod series.
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UPPER EOCENE.
Thickness.

A. Hempstead beds, Isle of Wight see above, p. 102 - - 170 feet.

MIDDLE EOCENE.

B. 1. Benibridgo Series,-North coast of 181e of Wight - - 120

B. 2. Osborne or St. Helen's Scries,-ibid. - - - - - 100

B. 3. Hendon Series,-Isle of Wight, and liordwell Cliff, Hunts - 170

B. 4. Hendon Bill sands and Barton Clay,-Isle of Wight, and

Barton Cliff, Hunts - - - - - - - 300

B. 5. Bagshot and Bracklesham Sands and Clays,-London and

Hunts basins - - - - - - - - '100

LOWER EOCENE.

0.1. London Clay proper and Bognor beds,-London and Hauts

basins - - - - - - - - - 350 to 500

0.2. Plastic and Mottled Clays and Sands (Woolwich and Reading
series),-London and Hunts basins - - - - - 100

C. 3. Thunet Sands,-Reculvers, Kent., and Eastern part of London
basin - - - - - - - - 90

The true place of the Bagsliot sands, B. 5 in the above series, and of

the Thanet sands, C. 3, was first accurately ascertained by Mr. Prcstwich

in 1847 and 1852. The true relative position of the Hempstead beds, A,

of the Bembridge, B. 1, and of the Osborne or St. Helen's series, B. 2,

were not made out in a satisfactory manner till Professor Forbes studied

them in detail in 1852.

Benthridgo series, B. 1.-These beds are above 100 feet thick, and, as

before stated (p. 187), pass upwards into the Hempstead beds, with which

they are conformable, near Yarmouth, in the Isle of Wight. They con
sist of mans, clays, and limestones of freshwater, brackish, and marine
c,i igin. Some of the most abundant shells, as cyrena sernistriata var.,
and Paludina lenta (fig. 1'IS, p. 193), are common to this and to the

overlying Hempstead series. The following are the subdivisions described

by Professor Forbes:

a. Upper mans, distinguished by the abundance of Afelania turritissima, Forbes
(fig. 182).

Fig. 1S2. Fig. 183.

Afelauja turrju83jma, Forbes.
Betnbrldge.

F,. Lower marl, characterized by Ueritldnrn niutabile, C'yrena pulcl&ra, &c., and bythe remains of Trionz (sea fig. 183).c. Green mans, often abounding in a peculiar species of oyster, and accompanied
by Ceritijia, .1f!fluli, an Area, a Nücu!a, &c.

d. Bembridge limestone; compact cream-colored limestones alternating with

Frnment of (Jarnpztco of Trtony&'v.
BitnbrIdgo Beds, Isle ofWight.
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shales and mans, in all of which land-shells are common, especially at Sconce,

near Yarmouth, and have been described by Mr. Edwards. The Buliznu8 ellip-
ticus (6g. 184), and Helix occiusa (fig. 185), are among its best-known lnnd."

Fig. 184.

BuI1nzw eUlp(tOU.Q, Sow.
Bembzidgo Limestone,
half nature.! size.




Fig. 18. Fig. 186.

3

!TeZi occiusa, Ethvards, PaZudina orUculczris, Bcmbrldgo.
Sconce Limestone,
Jab of Wight.

shells. Paludina orliicularis (fig. 186) is also of frequent occurrence. One of

the bands is filled with a little globular Paludina. Among the freshwater

FIg. 1ST.

/-
'2 c




10

Planorbis dl.c'us, Edward. Born
bridge. ilium.




Pig. 188.

Li,mnea tonqisoaCa, Brard.




Pig. 189.

C1tara tu?erculata.
Bombridgo Lime
stone, I. of WlghL

pulmonifern, Ly;nnea longiscala (fig. 188) and Planorbis discus (fig. 187) are
the most generally distributed: the latter represents or takes the place of the
Planorbis euomp1alus (see 11g. 192), of the more ancient Headon series. Chara
(uberculala (fig. 189), is the characteristic Bembridgo gyrogonite.

From this formation on the shores of Whiteclifi' Bay, Dr. Mantell ob

tained a fine specimen of a fan palm, Fiabdllari Lnianonis, Brong., a

plant first obtained from beds of corresponding age in the suburbs of

Paris. The well-known building-stone of Binstead, near Rydo, a lime

stone with numerous hollows caused by C'yrenw which have disappeared
and left the moulds of their shells, belongs to this subdivision of
the Bembridgo series. In the same Binstead stone Air. Pratt and
the Rev. Darwin Fox first discovered the remains of mammalia char
acteiistic of the gypscous series of Paris, as Palceollecriurn rna,num

14







210 PLUVIO-MA1UNE SERIES IN ISLE OF WIGHT. [Ca XVL

(fig. 191), P. medium, P. minus, P. 2nifliifliUm, P. FIg. 100.

curtum, P. crassum; also Anoplotlzerium commune

Chcropo(arnU3 Guvieri. The genus Paleothere, above
"(fig. 190), A. secundarzuin, DiciLobune cervinuni, and

alluded to, resembled the living tapir in the form of

the head, and in having a short proboscis, but its molar

teeth were more like those of the rhinoceros (see fig.




Lower Molar tootb,

190). Paleotlierium magnum was of the size of a nat. size.

horse, three or four feet high. The annexed woodcut




nu;ze.

(fig. 191.) is one of the restorations which Cuvier at-
Bthstcad, Isle of Wight

tempted of the outline of the living animal, derived from the study of the

Fig. 191.

entire skeleton. As the vertical range of particular species of quadrupeds,
so far as our knowledge extends, is far more limited than that of the tes
tacea; the occurrence of so many species at Binstead, agreeing with
fossils of the Paris gypsum, strengthens the evidence derived from shells
and plants of the synchronism of the two formations.

Osborne or St. Helen's series, B. 2.-This group is of fresh and brack
ish-water origin, and very variable in mineral character and thickness.
Near Ryde, it supplies a freestone much used for building, and called by
Professor Forbes the Nettlestone grit. In one part ripple-marked flag
stones occur, and rocks with fucoidal markings. The Osborne beds are
distinguished by peculiar species of .Paludina, Melania, and Melanopsis,
as also of (Jypris and the seeds of (Jhara.

Heaclon series, B. 3.-Theso beds are seen both at the east and west
extremities of the Isle of Wight, and also in Hordwell Cliffs, Hants.
Everywhere Planorbis euomplLalus (fig. 192) characterizes the freshwater
deposits, just as the allied form, P. discus (fig. 187) does the Bembridgo
limestone. The brackish-water beds contain Palomoniya plancz, C'erithzum
mutabile, and U. cinctum (fig. 44, p. 30) 'and the marine beds Venus
(or C'ytlzerea) zncrassata, a species common to the Limburg beds and
Grès do Fontainebleau, or the Upper Eocene series. The prevalence of

PaZeotherium magnum, Caviar.
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bait-water remains is mostconspicnousin some of the central parts of the
formation. Mr. T. Webster, in his able memoirs on the Isle of Wight

Fig. 192.

I

Ploitorbis euomp?iatus, Bow.
llondon 11111. 1 dl=.




Fig. 198.

ilelix 1a7.iyrlnthica, Bfty. ITondon Hill, Isle ofWigbt;and Ho rdwoll O1[1 Hants-also recant

first separated the vvnole into a lower freshwater an upper marine, and
an upper freshwater division.

Among the shells which are widely distrij)uted through the Headon
series are 2Terithza concav (fig. 194), Lymneci cczuclata (fig. 195), and
Cerithium concavum (fig. 196), Helix labyrintiLica, Say (fig. 193), a

Fig. 194. Fig. 195. Pig. 190.

toll

.NerlUna concava. Lymnea cau?atcz. CeritMuin concavum.
Ileadon Borlea. Hoadon Beds. Hendon Series.

land-shell now inhabiting the United States, was discovered in this series

by Mr. Wood in Hordwell Cliff. It is also met with in Headon Hill, in

the same beds. At Sconce, in the Isle of Wight, it occurs in the newer

Bembridge series, and affords a rare example of an Eocene fossil of a spe
cies still living, though, as usual in such cases, having no local connection
with the actual geographical range of the species.

The lower and middle portion of the Headon series is also met with in
Hordwell Cliff (or Hordle, as it is often spelt), near Lymington, Hants,
where the organic remains have been studied by Mr. Searles Wood, Dr.

Wright, and the Marchioness of Hastings. To the latter we are indebted
for a detailed section of the beds,* as well as for the discovery of a variety
of new species of fossil mammalia, chelonians, and fish; also for first call

ing attention to the important fact that these vertebrata differ specifically
from those of the Benibricige beds. Among the abundant shells of ford
well are Faludina lenta and various species of Lymneus, Flanorbis,
2felanict, Cyclas, and Unlo, Fotomomya, Dreissena, &c.

01 Bulletin, Soc. Gêol. de France, 1662, p. 191.
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Among the cholonians we find a species of Enys, and no less than six

species of Tiionyx, among the saurians an alligator and a crocodile;

among the ophidians two species of land-snakes (Paleryx, Owen); and

among the fish Sir P. Egorton and Mr. Wood have found the jaws, teeth,

and hard shining scales of the genus Lepklostcus or bony pike of the

American rivers. This same genus of freshwater ganoids has also been

met with in the Hempstead beds of the Isle of Wight. The bones of

several birds have been obtained from Hordwell, and the remains of quad

rupeds. The latter belong to the genera Faloplotlzcriuim of Owen, .4no

plot1ierzum, .Anthracotheriuni, .Dichodon, of Owen (a new genus discovered

by Mr. A. H. Falconer), L)icltobune, Spalacodon, and Hycenodon. The

latter offers, I believe, the oldest known, example of a true carnivorous

mammal in the series of British fossils, although I attach very little the

oretical importance to the fact, because herbivorous species are those most

easily, met with in a fossil state in all save cavern deposits. In another

point of view, however, this fauna deserves notice. Its geological position
is considerably lower than -that of the Bembridge or Montmartre beds,

from which it differs almost as much in species as it does from the

still more ancient fauna of the Lower Eocene beds to be mentioned

in the sequel. It therefore teaches us what a grand succession of distinct

assemblages of mammahia flourished on the earth during the Eocene

period.
Many of the marine shells of the brackish-water beds of the above

series, both in the Isle of Wight and iordwell Cliff, are common to the

underlying Barton clay; and, on the other hand, there are some fresh
water shells, such as Cyrenci obovata, which are common to the Bern

bridge beds, notwithstanding the intervention of the St. Helen's series.
The white and green mans of the Headon series, and some of the accom

panying limestones, often resemble the Eocene strata of France in mineral
character and color in so striking a manner, as to suggest the idea that
the sediment was derived from the same region or produced contempo
raneously under very similar geographical circumstances.

Both in ilordwell Cliff and in the Islo of Wight, the Headon beds rest
on white sands, the upper member of the Barton series, B. 4, next to be
mentioned.
Hcadon Hill sands and Barton clay, B. 4 (Table, p. 208).-In one of

the upper and sandy beds of this formation Dr. Wright
found Chaina squanzosa in great plenty. The same sands Fig. lOT.
contain impressions of many marine shells (especially in
Whitechiff Bay) common to the upper Bagshot sands
afterwards to be described. The underlying Barton clay
has yielded about 209 marine shells, more than half of
them, according to Mr. Prestwich, peculiar; and onlyeleven common to the London clay proper (0. 1, p. 208), Oliama
being in the proportion of only 5 per cent. On the other equarnola1

Barton.hand, 70 of them agree with the shells of the calcairo
grossier of France. It is nearly a century since Brander published, in
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l'166, an account of the organic remains collected from these Barton ana

Hordwell cliffs, and his excellent figures of the shells then deposited in

the British Museum are justly admired by conchologists for their accuracy.

ShELLS OF THE BARTON CLAY, HANTS.

Certain foraminifera called Nummulites begin, when we study the

tertiary formations in a descending order, to make their first appearance

Pie. igs. Fig. 10g. Pig, 200. Fig. 201.

Mitra 8cabra. Voluta ambigna. TUPMIPUZTU6nS.

Fig. 202. Fig. 208. Fig. 204.

7ere?ieUurnjtat- Terdbeflurn con- Cardita qioboBa.
forms. Barton voiutwn. Lam.
and Brackle5ham. Seraphs convotu

turn, Montf




Fig. 20.

Crassatefla 8vtcata.

in these Barton beds. A small species called Hummulites variolaria is
found both on the Hampshire coast and in beds of the same ago in
Whitecliff Bay, in the Isle of Wight. Several marine shells, such as
Gorbula pisum, are common to the Barton beds and the Hempstead or

Upper Eocene series, and a still greater number, as before stated, are
common to the Headon series.

.Bagshot and Bracklcslta;m beds, 13. 5.-The Bagshot beds, consisting
chiefly of siliceous sand, occupy extensive tracts round Bagshot, in Surrey,
and in the Now Forest, Hampshire. They may be separated into three
divisions, the upper and lower consisting of light yellow sands, and the
central of dark green sands and brown clays, the whole reposing on the
London clay proper.* The uppermost division is probably of about the
same age as the Barton series. Although the Bagshot beds are usually

Prestwicb, Quart. Geol. Journ. vol. iii. p. 886.

Voluta atMeta. Bazton
and Bracklosliam.
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devoid of fossils, they contain marine shells in some places, among which

Venericardia planicosla (see fig. 20(3) is abundant, with Turritella sul.

cjfera and Hummuliles icevigata. (See fig. 210, p. 21L)

Veneilcardia planiCos(a1 Lam.
CardiCa planicosCa, Deshaye&

At Bracklesharn Bay, near Chichester, in Sussex, the characteristic
shells of this member of the Eoecuo series are best seen; among others,
the huge C'erithiu?n giganicum, so conspicuous in the calcaire grossier of
Pails, where it is sometimes 2 feet in length. The volutes and cowries of
this formation, as well as the lunuiltes and corals, seem to favor the idea
of a warm climate having prevailed, which is borne out by the discovery
of a serpents Falceoplzis typhcz'us (see fig. 207), exceeding, according to

Fig. 20T.

4A
11,

Fatcroplils typhus, Owen; an Eocono sca"serpont. Bracklesbam.
a, b. Vertebra, with long neural spine preserved. c. Two vertcbrm in natural articulation.

Prof. Owen, 20 feet in length, and allied in its osteology to the Boa, Python, Coluber, and Hydrus. The compressed form and diminutive size of
certain caudal vertebr indicate so much analogy with Hydrus as to in
duce the Hunterian professor to pronounce this extinct ophidian to have
been mailne.* He had previously combated with much success the evi
dence advanced to prove the existence in the Northern Ocean of huge sea
serpents in our own times, but he now contends for the former existence in
the British Eocene seas, of less gigantic serpents, when the climate was

Plmont. Soc. Monograph. Rept. pt. ii. p. Bi

Fig. 206.
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probably more genial; for amongst the companions of the sea-snake of
Bracidesham was an extinct Gavial (aauialis Dixoni, Owen), and numer
ous fish, such as now frequent the seas of warm latitudes, as the sword-fish

(see fig. 208), and gigantic rays of the genus MyliobcUes (see fig. 209).

Fig. 208.

Prolonged premixIlliuy bone or "sword" of ft fossil sword-fish (Ci2or1qnchus). Brackle
sham. Dixon's Fossils ofSussex, p1. 8.

Fig. 209.




Fig. 210.

.Kurnmtdltes (1Tun&rnuZria) Znviga(ab
Bracklesham. Ibid. p1. 8.

a. Section of the nummulite.
1'. Group, with an individual showing the exterior

of the sholL

The teeth of sharks also, of the genera Carclzarodon, Olodus, Lamna,

Galeocerdo, and others, are abundant. (See figs. 211, 212, 213, 214.)

Fig. 211. Fig. 212. Fig. 218. Fig. 914.

Otodus obliquus, Agass. Lamna etegans, Gaeocerdo attddn8,
Agass. Agass.

Teeth ofsharks from Bracklosham Bay.

The .Numrnuliles lawigata (see fig. 210), so characteristic of the lower

beds of the calcaire grossier in France, where it sometimes forms stony

layers, as near Compieguc, is very common at Bracklesham, together with

21. scabra and ..N. varkilaria. Out of 103 species of testacea procured
from the Bagshot and Bracklesliam beds in England, 126 occur in the

calcairo grossier in France. It was clearly therefore coeval with that

part of the Parisian series more nearly than with any other.

Dental plates of .öfijUobatea Edicardsi.
Brackleshani Jay. Ibid. p1. 8.

Carcharodcri 'zeterodon, âgass.
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Fig. 21.




MARINE SHELLS OF BRACKLESITAM BEDS.

Fig. 216. Fig. 217. Fig. 216.




Fig. 219.

PieurotO,fl( alien
iata, Sow.




Vilula la- TzrrUdUa, Lucina serrata1 Mom (Jonu8 deper.
lrella Lain. mulli8ulca(a, Magnified. diCu8.

Lam.

LOWER EOCENE FORMATIONS OF ENGLAND.

London Clay proper (C. 1, Table, p. 208).-This formation underlies

the preceding, and consists of tenacious brown and bluish-gray clay,
with layers of concretions called septaria, which abound chiefly in the

brown clay, and are obtained in sufficient numbers from sea-cliffs near

Harwich, and from shoals off the Essex coast, to be used for making Ro

man cement. The principal localities of fossils in the London clay are

flighgato Hill, near London, the island of Sheppey, and Boguor in Hamp
shire. Out of 133 fossil shells, Mr. Prestwich found only 20 to be com
mon to the caicaire grossier (from which 600 species have been obtained),
while 33 are common to the "Lits Coquilliers" (p. 228), in which only
200 species are known in France. We may presume, therefore, that the
London clay proper is older than the calcairo grossier. This may perhaps
remove a difficulty which M. Adoiphe Brongniart has experienced when

comparing the Eocene Flora of the neighborhoods of London and Paris.
The fossi. species of the island of Sheppey, he observes, indicate a much
more tropical climate than the Eocene Flora of France. Now the latter
has been derived principally from the gypseous series, and resembles the

vegetation of the borders of the Mediterranean Fig. 220.

the older flora of Sheppey belongs to an antecc-

rather than that of an equatorial region; whereas

dent epoch, separated from the period of the Paris
gypsum by all the calcaire grossier and Bagshot I*
series-in short, by the whole nummulitic forma
tion properly so called.

near London, has described no less than thirteen

Mr. Boworbank, in a valuable publication on
the fossil fruits and seeds of the island of Sheppey,

fruits of palms of the recent type .2Vi:pa, now only ..W ad11e elliptic u.s, how.found in the Molucca and Philippine islands and palm of Sbeppoy.
in Bengal see fig. 220). In the delta of the Ganges, Dr. Hooker ob
served the large nuts of Npa frulicans floating in such numbers in the
various arms of that great river, as to obstruct the paddle-wheels of



Ga. XVL] FOSSILS OF WE LONDON CLAY. 217

steamboats. These plants are allied to the cocoa-nut tribe on the one
side, and on the other to the Panclanus, or screw-pine. The fruits of

other palms besides those of the cocoa-nut tribe are also met with in the

clay of Sheppey; also three species of .Anona, or custard-apple; and

cucurbitaceous fruits (of the gourd and melon family) are in considera

ble abundance. Fruits of various species of Acacia are in profusion, and

these, although less decidedly tropical, imply a warm climate.
The contiguity of land may be inferred not only from these vegetable

productions, but also from the teeth and bones of crocodiles and turtles,

since these creatures, as Dr. Conybeare has remarked, must have resorted
to some shore to lay their eggs. Of turtles there were numerous species
referred to extinct genera. These are, for the most part not equal in size
to the largest living tropical turtles. A sea-snake, which must have been
13 feet long, of the genus .Palccopltis before mentioned (p. 214), bas also
been described by Professor Owen from Sheppey, of a different species
from that of Bracklesham. A true crocodile, also, (Jrocodilus loliapicus,
and another saurian more nearly allied to the gavial, accompany the
above fossils; also the relics. of several birds and quadrupeds. One of
these last belongs to the new genus Hyracotheriurn. of Owen, allied to the

Hyrax, Hog, and Oheropotamus; another is a LopModon; a third, a

pachyderm called Uor!/piwclon cocwnus by Owen, larger than any existing
tapir. All these animals seem to have inhabited the banks of the great
river which floated down the Sheppey fruits. They, imply, the existence of
a mammiferous fauna antecedent to the period when nummulites flour
ished in Europe and Asia, and therefore before the Alps, Pyrenees, and
other mountain-chains now forming the backbones of great continents,
were raised from the deep; nay, even before a part of the constituent

rocky masses now entering into the central ridges of these chains had
been deposited in the sea.
The marine shells of the London clay confirm the inference derivable

from the plants and reptiles in favor of a high temperature. Thus many
species of Uonus and Voluta occur, a large C'yprcca, U. ovfomis, a very
large .Rostellaria (fig. 223), a species of C'anccllar-ia, six species of Nau
tilus (fig. 225), besides other cephalopoda of extinct genera, one of the
most remarkable of which is the Belosepici* (fig. 226). Among many
characteristic bivalve shells are Leda amygdaloi.des (fig. 227) and .zlxinvs

angulatus (fig. 228), and among the R.adiata a star-fish called Astropec
ten (fig. 229).

These fossils are accompanied by a sword-fish (Teirapterus priscus,
.Agassiz), about 8 feet long, and a saw-fish (Pristis bisulcalus, Ag.), about
10 feet in length; genera now foreign to the British seas. On the
whole, no less than 50 species of fish have been described by M.

Agassiz from these beds in Sheppoy, and they indicate, in his opinion, a
warm climate.

* For description of Eocene Cephalopoda, see Monograph by F. E. Edwarda,
Palontograph. Soc. 1849.
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FOSSIL SHELLS OF THE LONDON CLAY.

Fig. 221. Fig. 222.

To!uta nocThs(7, sow. JThorus ea'tenaua,
Ulghgate. Sow. lligbgatc.

)rautilu8 ciitraUa, Sow. Iligbgatc.




Fig. 228.

Fig. 225. Fig. 226.

Aturia .1:ac. Brown and Edward9. .Beloseph oepioIdea. Do Blalnv.Svu. aVaii(iIue tic:ac1 Sow. London clay. Sheppey.London clay. Shcppey.

Fig. 22T. Fig. 229. Fig. 220.

.Leda Ofl1V(7d(7Z0i(18. Areinus angislatus. London Aatrnpecten or!npaCu8,lilgbgate. clay. llornsca. E. Forbes. Shoppey.

Strata of I4'son in SvjJblk-At
bridge, a bed of Eocene clay, 12
Beneath it is a deposit of yellow and
in consequence of many peculiar fc
position s probably the lowest




Kyson, a few miles east of Wood
feet thick, underlies the red crag.
white sand, of considerable interest,
sils contained in it. Its geological
the London clay proper. In thispart of




.Roste?Zaria nlaCroptera1 Sow. One
third of iat elzo; also found In the
Barton clay.

Fig. 224.
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sand has been found- the first example of a fossil quadrumanous animal
discovered in Great Britain, namely, the teeth and Fig. 280.

part of a jaw, shown by Professor Owen to belong
to a monkey of the genus .ilfacacu3 (see fig. 230). N

cm

The mammiferous fossils, first met with in the Molar of znonkoy (.öfacaou.a).

same bed, were those of an opossum (Dideiphys) (see fig. 231), and an

insectivorous bat (fig. 232), together with many teeth of fishes of the

shark family. Mr. Colchester in 1840 obtained Fig. 231.
other mammalian relics from Kyson, among
which Professor Owen has recognized several
teeth of the genus H!fracotlzcrium, and the

vor-RPMtebr of a large serpent, probably a Paiccoplils.
As the remains both of the Hyracotkeriu;n and

Pakeophi.s were afterwards met with in the Loll- opossum. From Ryson.*
don clay, as before remarked, these fossils con-

F 232
firmed the opinion previously entertained, that
the Kyson sand belongs to the Eocene period.
The Macacus, therefore, constitutes the first exam

ple ofany quadrumanous animal occurring in strata" . Molars of Insectivorous bats,
so old as the Eocene, or in a spot so far from the twice nat. size.

o . Prow Kyson, Suffolk.
equator as lat. 52 N. It was not until after the

year 1830 that the existence of any fossil quadrumana was brought to

light. Since that period they have been discovered in France, India, and
Brazil.

Plastic or mottled clays and sands (0. 2, p. 208).-Tho clays called

plastic, 'which lie immediately below the London clay, received their
name originally in France from being often used in pottery. Beds of
the same age (the Woolwich and Reading series of Prestwich) are used
for the like purposes in EnglancLf
No formations can be more dissimilar on the whole in mineral char

acter than the Eocene deposits of England and Paris; those of our own
island being almost exclusively of mechanical origin,-accumulations of
mud, sand, and pebbles; while in the neighborhood of Paris we find a

great succession of strata composed of lirnestones, some of them

siliceous, and of crystalline gypsum and siliceous sandstone, and
sometimes of pure flint used for millstones. Hence it is by no
means an easy task to institute an exact comparison between the
various members of the English and French series, and to settle
their respective ages. It is clear that, on the sites both of Paris and

London, a continual change was going on in the fauna and flora by
the coming in of new species and the dying out of others; and

contemporaneous changes of geographical conditions were also in

progress in consequence of the rising and sinking of the laud and
bottom of the sea. A particular subdivision, therefore, of time was

" Annals of Nat. Hiet. vol. iv. No. 23, Nov. 1839.

f Prest.wich, Water-bearing strata of London, 1851.
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occasionally represented in one area-by land, in another by an estuary, in

a third by the sea, and even where the conditions were in both areas of a

marine character, there was often shallow water in one, and deep sea in

another, producing a waut of agreement in the state of animal life.

But in regard to that division of the Eocene series which we have now

under consideration, we find an exception to the general rule, for, whether

we study it in the basins of London, Hampshire, or Paris, we recognize

everywhere the same mineral character. This uniformity of aspect must

be seen in order to be fully appreciated, since the beds consist simply or

sand, mottled clays, and well-rolled flint pebble; derived from the chalk,

and varying in size from that of a pea to an egg. These strata may be

seen in the Isle of Wight in contact with the chalk, or in the London

basin, at Reading, Blackheath, and Woolwich. In some of the lowest of

them, banks of oysters are observed, consisting of Ostrec liellovacina, so

common in France in the same relative position, and 03,12-ca edulina,

scarcely distinguishable from the living eatable species. In the same

beds at Bromley, Dr. Buckland found one large pebble to which five

full-grown oysters were affixed, in such a manner as to show that they
had commenced their first growth upon it., and remained attached to it

through life.
In several places, as at Woolwich on the Thames, at New Haven in

Sussex, and elsewhere, a mixture of marine and freshwater testacea dis

tinguishes this member of the series. Among the latter, Mania inqui
nata (see fig. 234) and Cyrena cu;zejformi (see fig. 233) are very coma

..:.- -

Cyrena ouneJ,.,ja Min. Con.
Natural size.




ifelania i'iqufna(i, Des. Nat. size.
Syn. C'erlt/durn 2nelanoide8, MID. Con.

mon, as in beds of
corresponding age in France. They clearly indicate

points where rivers entered the Eocene sea. Usually there is a mixture
of brackish, freshwater, and marine shells, and sometimes, as at Woolwich,

Fig. 233.




Fig. 31.
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proofs of the river and the sea having successively prevailed on the same

spot. At Now Chariton, in the suburbs of Woolwich, Mr. Do la Conda

mine discovered in 1849, and pointed out to me, a layer of sand asso

ciated with well-rounded flint pebbles in which numerous individuals of

the (Jyrena tdllinclia were seen standing endwise with both their valves

united, the posterior extremity of each shell being uppermost, as would

happen if the mollusks had died in their natural position. I have do

scribed a bank of sandy mud, in the delta of the Alabama river at

Mobile, on the borders of the Gulf of Mexico, where in 1846 I dug out

at low tide specimens of living species of Uyrci and of a Gnat1todon,

which were similarly placed with their shells erect, or in a position
which enables the animal to protrude its siphon upwards, and draw
in or reject water at pleasure. The water at Mobile is usually fresh,

but sometimes brackish. At Woolwich a body of river water must

have flowed permanently into the sea where the Cyrena lived, and

they may have been killed suddenly by an influx of pure salt water,
which invaded the spot when the river was low, or when a subsidence

of land took place. Traced in one direction, or eastward towards

Home Bay, the Woolwich beds assume more and more of a marine

character; while in an opposite, or southwestern direction, they become,

as near Chelsea and other places, more freshwater, and contain Unio,

Paludina, and. layers of lignite, so that the land drained by the ancient

river seems clearly to have been to the southwest of the present site of

the metropolis.
Before the minds of geologists had become familiar with the theory of

the gradual sinking of land, and its conversion into sea at different pe
riods, and the consequent change from shallow to deep water, the fresh

water and littoral character of this inferior group appeared strange and

anomalous. After passing through hundreds of feet of London clay,

proved by its fossils to have been deposited in deep salt s:ater, we arrive

at cds of fluviatilo origin, and. in the same underlying formation masses

of shingle, attaining at Blackheath, near London, a thickness of 50 feet,

indicate the proximity of land, where the flints of the chalk were rolled

into sand and pebbles, and spread continuously over wide spaces. Such

shingle always appears at the bottom of the series, whether in the Isle of

Wight, or in the Hampshire or London basins. It may be asked why

they did not constitute simply narrow littoral zones, such as we might
look for on an ancient sea-shore. In reply, Mr. Prestwich has suggested
that such zones of shingle may have been slowly formed on a large scale

at the period of the Tlianet sands (0. 3, p. 208), and while the land was

sinking the well-rolled pebbles may have been dispersed simultaneously
over considerable areas, and exposed during gradual submergence to the

action of the waves of the sea, aided occasionally by tidal currents and

river floods.
TlLane¬ sands (0. 3, p. 208).-Tlio mottled or plastic clay of the

4 Second Visit to the United States, vol. ii. p. 104.
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Isle of Wight and Hampshire is often seen in actual contact with the

chalk, constituting in such places the lowest member of the British Eo

cene series. But in other points another formation of marine origin,
characterized by a somewhat different assemblage of organic remains, has

been shown by Mr. Prestwich to intervene between the chalk and the

Woolwich series. For these beds he has proposed the name of "Thanet

sands," because they are well seen in the Isle of Thanet, in the northern

part of Kent, and on the sea-coast between Herne Bay and the Reculvers,

where they consist of sands with a few concretionary masses of sandstone,

and contain among other fossils Pltoladomya cuneata, cyprina Morrisil,

Corbula longirostris, Scalaria Bowcrbankii, &c. The greatest thickness
of these beds is about 90 feet.

FRENCH MIDDLE EOCENE FORMATIONS.

GENERAL TABLE OF FRENCH EOCENE STRATA.

A. UPPER EOCENE (Lower 2fiocenc of many .&encla authors.)

EnglLsh Equivalents.
.. Calcaira de Ia ]3eauce, or upper fresh-)

water, see p. 184, and Gras do Fon- Hempstead series, see p. 192.
tainebieau, &c. )

B. MIDDLE EOOENE.

u. 1. Gypseoue series and Middle fresh-?
water calcairo lacustre moyen.

. Bembridge series, p. 194.

B. 2. Calcaire ailiceux, (in part contem-

}
poraneous with the succeeding Lower part of the Bembridge series.
group?)

u. 8. Grès de Beauchamp, or Sables ifo Osborne series, and upper and middle-
part of Ileadon series, Isle ofYCDS.




i Wight,
B. 4. Upper Calcaire Grossier (Cailasse) (fleadon Hill sands, Barton, Upper

Bagshot and part of Bracklehnmand Middle Calcaire Grossier.

B. 6. Lower Calcaire Grossier or Ginu
conic Grossire. }

Brackleaham beds.

Lower Bagebot. Intermediate in ageB. 6. Soisaonnai Sans or Lits coquillier8.
3

between the Bracklesham beds and
London Clay.

0. LOWER EOCENE.

(Plastic clay and sand, with lignitea. Argue plastique et lignite.
(Woolwich and Reading series.)

The tertiary formations in the neighborhood of Paris consist of a
series of marine and freshwater strata, alternating with each other, and
filling up a depression in the chalk. The area which they occupy hasbeen called the Paris basin, and is about 180 miles in its greatest
length, from north to south, and about 90 miles in breadth, from eastto west (see Map, p. 195). MM. Cuvier and Brongniavt attempted, in
1810, to distinguish five different groups, comprising three freshwater
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and two marine, which were supposed to imply that the waters of the
ocean, and of rivers and lakes, had been by turns admitted into and
excluded from the same area. Investigations since made in the Hamp
shire and London basins have rather tended to confirm these views, at
least so far as to show, that since the commencement of the Eocene

period there have been great movements of the bed of the sea, and of

the adjoining lands, and that the superposition of deep sea to shallow
water deposits (the London clay, for example, to the Woolwich beds)
can only be explained by referring to such movements. Nevertheless, i(

appears, from the researches of M. Constant Prevost., that some of the
alternations and intermixtures of freshwater and marine deposits, in the
Paris basin, may be accounted for by imagining both to have been si

multaneously in progress, in the same bay of the same sea, or a gulf into
which many rivers entered.
To enlarge on the numerous subdivisions of the Parisian strata, 'would

lead me beyond my present limits; I shall therefore give some examples
only of the most important formations enumerated in the foregoing
Table, p. 222.

Beneath the Upper Eocene or "Upper marine sands," A, already
spoken of (p. 194), we find, in the neighborhood of Paris, a series of
white and green mans, with subordinate beds of gypsum, B. These are
most largely developed in the central parts of the Paris basin, and,

among other places, in. the Hill of Montmartre, where its fossils were first
studied by M. Cuvier.
The gypsum quarried there for the manufacture of plaster of Paris

occurs as a granular crystalline rock, and, together with the associated
mans, contains land and flusriatile shells, together with the bones and
skeletons of birds and quadrupeds. Several land plants are also met
with, among which are fine specimens of the fan-palm or palmetto tribe

(1?labellaria). The remains also of freshwater fish, and of crocodiles
and other reptiles, occur iu the gypsum. The skeletons of mammalia
are usually isolated, often entire, the most delicate extremities being
preserved; as if the carcasses, clothed with their flesh and skin, had
been floated down soon after death, and while they were still swoin by
the gases generated by their first decomposition. The few accompany

ing shells are of those light kinds which frequently float on the surface
of rivers, together with wood.
M. Prevost has therefore suggested that a river may have swept away

the bodies of animals, and the plants which lived on its borders, or in

the lakes which it traversed, and may have carried them down into the

centre of the gulf into which flowed the waters impregnated with sul

phate of lime. We know that the Fiume Salso in Sicily enters the sea
so charged with various salts that the thirsty cattle refuse to drink of it
A stream of suiphurcous water, as white as milk, descends into the sea
from the volcanic mountain of Idienno on the east of Java; and a great
body of hot water, charged with sulphuric acid, rushed down from the
same volcano on one occasion, and inundated a large tract of country,
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destroying, by its noxious properties, all the vegetation.* In like manner

the Pusanibio, or "Vinegar River," of Colombia, which uses at the foot

of Purac, an extinct volcano, '1,500 feet above the level of the sea, is

strongly impregnated with sulphuric and hydrochloric acids and with

oxide of iron. We may easily suppose the waters of such streams to

have properties noxious to marine animals, and in this manner the entire

absence of marine remains in the ossiferous gypsum may be cxplaincd.f

There are no pebbles or coarse sand in the gypsum; a circumstance

which agrees well with the hypothesis that these beds were precipitated
from water holding sulphate of lime in solution, and floating the remains

of different animals.

In this formation the relics of about fifty species of quadrupeds, in

cluding the genera PaleotiLerium (see fig. 191), .Anoplotherium (see fig,

190), and others, have been found, all extinct, and nearly four-fifths of

them belonging to a division of the order Pacliydermata, which is now

represented by only four living species; namely, three tapirs and the

daman of the Cape. With them a few carnivorous animals are associated,

among which are the Hycnodon (lasyurozdes, and a species of dog, Uanis
ParisiensLs, and a weasel, Cynoc1on Parisiensis. Of the .Roclentia, are
found a squirrel; of the inseciluora, a bat; while the Itfarsupialia (an
order now confined to America, Australia, and some contiguous islands)
are represented by an opossum.

Of birds, about ten species have been ascertained, the skeletons of some
of which are entire. None of them are referable to existing species.
The same remark applies to the fish, according to MM. Cuvier and
Agassiz, as also to the reptiles. Among the last are crocodiles and tor
toises of the genera Ernis and Trionyx.
The tribe of land quadrupeds most abundant in this formation is such

as now inhabits alluvial plains and marshes, and the banks of rivers and
lakes, a class most exposed to suffer by river inundations. Among these
were several species of Palcotliere, a genus before alluded to (p. 210).
These were associated with the ilnoplotherium, a tribe intermediate be
tween pachyderms and ruminants. One of the three divisions of this
family was called by Cuvier Xaplzoclon see fig. 235). Their forms were
slender and elegant., and one, named Xipltoclon, gracle (fig. 285), was
about the size of the chamois; and (Juvier inferred from the skeleton that
it was as light, graceful, and agile as the gazelle.
When the French osteologist declared, in the early part of the present

century, that all the fossil quadrupeds of the gypsum of Paris were ex
tinct., the announcement of so startling a fact, on such high authority,
created a powerful sensation, and from that time a new impulse was
given throughout Europe to the progress of geological investigation.Eminent naturalists, it is true, had long before maintained that the shells

* Leydo Maga. voor Wotens1, IConst enLotL, partlo v. cahier L . 1. Cited
by Rozet, Journ. do Gologie, torn. i. p. 43.
f M. C. Provost, Submersions Itratives, &c. Note 23.

Cuvier, Oss. r' 0s.9-, torn. iii. p. 255.
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and zoophytes, met with in many ancient European rocks, had ceased to
be inhabitants of the earth, but the majority even of the educated classes

Fig. 285.

Xiplzoc?on graciie1 or .4noplot)thrlum gracile, Cuvier. Restored outline.

continued to believe that the species of animals and plants now contem

porary with man, were the same as those which had been called into

being when the planet itself was created. It was easy to throw discredit

upon the new doctrine by asking whether corals, shells, and other crea

tures previously unknown, were not annually discovered? and whether

living forms corresponding with the fossils might not yet be dredged up
from seas hitherto unexamined? But from the era of the publication of
Cuvier's Ossements Fossiles, and still more his popular Treatise called

"A Theory of the Earth," sounder views began to prevail. It was clearly
demonstrated that most of the mammahia found in the gypsum of Mont

martre differed even generically from any now known to exist, and the
extreme improbability that any of them, especially the larger ones, would

ever be found surviving in continents yet unexplored, was made manifest.

Moreover, the non-admixture of a single living species in the midst of so
rich a fossil fauna was a striking proof that there had existed a state of

the earth's surface zoologically unconnected with the present state of

things.
Ualcaire siliceux, or Traverlin inféricur, B. 2.-This compact siliceous

limestone extends over a wide area. It resembles a precipitate from

the waters of mineral springs, and is often traversed by small empty
sinuous cavities. It is, for the most part, devoid of organic remains,

but in some places contains freshwater and land species, and never any
marine fossils. The siliceous limestone and the calcairo gvossier usually

occupy distinct parts of the Paris basin, the one attaining its fullest de

velopment in those places where the other is of slight thickness. They
are described by some writers as alternating with each other towards
the centre of the basin, as at Sergy and Osny; and M. Prevost con
cludes, that while to the north, where the Bay was probably open to the
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sea, a marine limestone was formed, another deposit of freshwater origin

was introduced to the southward, or at the head of the bay. It is sup

posed that during the Eocene period, as now, the ocean was to the north,

and the continent, where the great lakes existed, to the south. From that

southern region we may suppose a body of freshwater to have descended,

charged with carbonate of lime aud silica, the water being perhaps in

sufficient volume to freshen the upper end of the bay.
The gypsum, with its associated marl and limestone, is, as before stated,

in greatest force towards tho centre of the basin, where the calcaire gros
sier and calcairo siliceux are less fully developed. Hence M. Provost

infers, that while those two principal deposits were gradually in progress,
the one towards the north, and the other towards the south, a river de

scending from the east may have brought down the gypseous and many
sediment.

Gras dc Beaucha;np or Sables moyens, B. 3.-In some parts of the

Paris basin, sands and mans, called the Grôs do Beauchamp, or Sables

moyens, divide the gypseous beds from the calcaire grossier proper. These
sands, in which a small- nummulite (N variolaria) is very abundant, con
thin more than 300 species of marine shells, many of them peculiar, but
others common to the next division.

Ualcaire grossier, upper and middle, B. 4.-The upper division of this

group consists in great part of beds of compact, fragile limestone, with
some intercalated green marls. The shells in some parts are a mixture of
Uerllh'ium, Cyclostoma, and Uorbula; in others Limneus, Ueritliiurn,
Faludina, &c. In the latter, the bones of reptiles and mammalia, Pako
therium and Lopitiodon, have been found. The middle division, or cal
cairo grossier proper, consists of a coarse limestone, often passing into
sand. It contains the greater number of the fossil shells which character
ize the Paris basin. No less than 400 distinct species have been pro
cured from a single spot near Giignon, where they are imbedded in a
calcareous sand, chiefly formed of comminuted shells, in which, never
theless, individuals in a perfect state of preservation, both of marine,
terrestrial, and freshwater species, are mingled together. Some of
the marine shells may have lived on the spot; but the Uyclostoma
and Limneics must have been brought thither by rivers and currents,
and the quantity of tL'iturated shells implies considerable movement in
the waters.

Nothing is more striking in this assemblage of fossil testacea than the
great proportion of species referable to the genus C'erithiura. (see p. 30,
fig. 44). There occur no less than 137 species of this genus in the Paris
basin, and almost all of thorn in the calcaire grossier. Most of the livingCeritlija inhabit the sea near the mouths of rivers, where the waters
are brackish; so that their abundance in the marine strata now under
consideration is in harmony with the hypothesis, that the Paris basin
formed a gulf into which several rivers flowed, the sediment of some
of which gave rise to the beds of clay and lignite before mentioned;
while a distinct freshwater limestone, called calcaire siliccux, already



Ca XVL] EOCENE FORAIEENIETIU. 227

described, was precipitated from the waters of others situated farther to
the south.
In some parts of the calcaire grossier round Paris, certain beds occur

of a stone used in building, and called by the French geologists "Mihohte
limestone." It is almost entirely made up of millions of microscopic
shell; of the size of minute grains of sand, which all belong to the class
Foraminifera. Figures of some of these are given in the annexed wood
cut. As this miliolitic stone never occurs in the Faluns, or Miocene strata

EOOENE FORAMINIFERA.




Fig. 28T.

Calcarna rari8p(na Desli.
b. Natural size. a. o. Barns magnified.




Sptrolina stenostonia, Desli.
B. Natural size. A, 0, D. Same magnified.

Fig. 288.

a




Triloculina Infiata, Deab.
b. Natural size. a, 0, a.. Same u3agnlfled.

Pie. 239.




L(T

Ciavuitna corruqata, Dash.
a. Natural size. b, o. Same magnified.
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of Brittany and Tourarne, it often furnishes the geologist with a useful

criterion for distinguishing the detached Eocene and Miocene forma

tions, scattered over those and other adjoining provinces. The dis

covery of the remains of Paleotherium and other mammalia in some

of the upper beds of the calcaire grossier shows that these land animals

began to exist before the deposition of the overlying gypseous series

had commenced.

Pig. 236.
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Lower C'alcaire grossier, or Glauconic grossière, B. 5.-The lower part

of the calcaire grossier, which often contains much green earth, is char

acterized at Auvers, near Pontoise, to the north of Paris, and still more

in the environs of Compiegne, by the abundance of nummulites, con

sisting chiefly of N. lcvigata, .N scabra, and .N Lamarcki, which con

stitute a large proportion of some of the stony strata, though these same

foraminifera are wanting in beds of similar age in the immediate environs

of Paris.
Soissonnais Sands or his coquillicrs, B. 6.-Below the preceding

formation, shelly sands are seen, of considerable thickness, especially at

Ouisse-Lamotto, near Compiegne, and other localities in the Soisson.nais,

about fifty miles N. E. of Paris, from which about 300 species of shells

have been obtained, many of them common to the Calcaire grossier and

the Bracklesham beds of England, and many peculiar. The .ZTunulites

planulata is very abundant, and the most characteristic shell is the

.Yerita cono4dea, Lain., a fossil which has a very wide geographical

Fig. 210.

2i'rI(a co7zoldea, Lam.
Byn. .N 8&rnidel1iana, Cbainnltz.

range; for, as M. D'Archiac remarks, it accompanies the nummulitic for
mation from Europe to India, having been found in Cutch, near the
mouths of the Indus, associated with .Nununulites scabra. No less than
thirty-three shells of this group are said to be identical with shells of the
London clay proper, yet, after visiting Cuisse-Lamotte and other localities
of the "Sables inférleures" of Archiac, I agree with Mr. Prcstwich, that
the latter are probably newer than the London clay, and perhaps older
than the Bracklesham beds of England. The London clay seems to be
unrepresented in France, unless partially so, by these sands. One of the
shells of the sandy beds of the Soissonnais is adduced by M. Deshayes as

FIg. 241.

Carcz'Ium poru1onm. Paris and London basins.
0 D'Archiae, BuIIeUD, torn. x.; and Prestwih, Geol. Quart. Journ. 1847, p. 87's









CL XVI] NUMMULITIO FORMATIONS. 229

an example of the changes which certain species underwent in the succes
sive stages of their existence. It seems that different varieties of the
Cardun porulosurn are characteristic of different formations. In the

Soissonnais this shell acquires but a small volume, and has many pecu
liarities, which disappear in the lowest beds of the calcaire grossier. In

these the shell attains its full size, with many distinctive characters, which

are again modified in the uppermost beds of the calcaire grossier; and

these last modifications of form are preserved throughout the "upper
marine" (or Upper Eocene) series.*

Argue plastiquc (C, Table, p. 222).-At the base of the tertiary system
in France are extensive deposits of sands, with occasional beds of clay
used for pottery, and called "argile plastique." Fossil oysters (Ostrea
bellovacina) abound in some places, and in others there is a mixture of
fiuviatilo shells, such as Gyrena cuneformis (fig. 233, p. 220), Melania.
inquinata (fig. 234), and others, frequently met with in beds occupying
the same position in the valley of the Thames. Layers of lignite also

accompany the inferior clays and sands.

Immediately upon the chalk at the bottom of all the tertiary stra in

France there generally is a conglomerate or breccia of rolled and angular
chalk-flints, cemented by siliceous sand. These beds appear to be of

lit-toralorigin, and imply the previous emergence of the chalk, and its waste

by denudation.
Whether the Thanet sands before mentioned (p. 221) are exactly rep

resented in the Paris basin, is still a matter of discussion.

Wide extent of 11w nummulitic formation in Europe, Asia, c.-When

I visited Belgium and French Flanders in 1851, with a view of com

paring the tertiary strata of those countries with the English series, I

found that all the beds between the Upper Eocene or Limburg formations,

and the Lower Eocene or London clay proper, might be conveniently
divided into three sections, distinguished, among other paleoutological
characters, by three different species of nummulites, .N. variolaria in the

upper beds, .N. lmuigata in the middle, and H.planulata in the lower.

After I had adopted this classification, I found, what I had overlooked or

forgotten, that the superposition of these three species in the order here

assigned to them, had been previously recognized in the North of France,

in 1842, by Viscount D'Archiac. The same author, in the valuable

monograph recently published by him,f has observed, that a somewhat

similar distribution of these and other species in time, prevails very

widely in the South of France and the Pyrenees, as well as in the Alps
and Apennines, and in Istrca,-the lowest nummulitic beds being charac

terized by fewer and smaller species, the middle by a greater number and

by those which individually attain the largest dimensions, and the upper
most beds again by small species.

In the treatise alluded to, M. D'Archiac describes no less than fifty-
two species of this genus, and considers that they are all of them char-

*
Coquilles enractéristiques de-9 terrains, 1831.

f Animnux fuss. du groupc nununul. do Pimle : Paris, 1853.
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acteristic of those tertiary strata which I have called Middle Eocene. In

very few instances at least do certain species diverge from this narrow

limit, whether into incumbent or subjacent tertiary formations, it being

rather doubtful whether more than one of them, ..tVummulites internzedia,

also a Middle Eocene fossil, ascends so high as the Miocene formation, or

whether any of them descend to the level of the London clay. Certainly

they have never been traced so low down as the marine beds, coeval

with the Plastic clay or Lignite, in any country of which the geology has

been well worked out. This conclusion is a very unexpected result of

recent inquiry, since for many years it was a matter of controversy
whether the nummulitie rocks of the Alps and Pyrenees ought not to be

regarded as cretaceous rather than Eocene. The late M. Alex. Brongniart
first declared the specific identity of many shells of the marine strata near

Paris, and those of the nununuiltic formation of Switzerland, although he

obtained these last from the summit of the Diablerets, one of the loftiest

of the Swiss Alps, which rises more than 10,000 feet above the level of

the sea.
The unmmulitic limestone of the Alps is often of great thickness, and

is immediately covered by another series of strata of dark-colored slates,
mans, and fucoidal saudstoues, to the whole of which the provincial name
of "flysch" has been given in parts of Switzerland. The researches of
Sir Roderick Murchison in the Alps in 1847 have shown that all these

tertiary strata enter into the disturbed and loftiest portions of the Alpine
chain, to the upheaval of which they enable us therefore to assign a com

paratively modern date.
The nummulitic formation, with its characteristic fossils, plays a far more

conspicuous part than any other tertiary group in the solid framework of
the earth's crust, whether in Europe, Asia, or Africa. It often attains a
thickness of many thousand feet, and extends from the Alps to the Car
pathians, and is in full force in the north of Africa, as, for example, in
Algeria and Morocco. It has also been traced from Egypt, where it was
largely quarried of old for the building of the Pyramids, into Asia Minor,
and across Persia by Bagdad to the mouths of the Indus. It occurs not only
in Cutch, but in the mountain ranges which separate Seindo from Persia, and
which form the passes leading to Caboul; and it has been followed still far
ther eastward into India, as far as eastern Bengal and the frontiers of China.

Fig. 212.




a

lb'UUIflIjfp. PuscM, D'Archiac. Foyrehoratle, Pyronoca.a. External surfaco of ono of tho nuwrnu1it, of which longitudinal sections itro soon in thelimestone.
b. Transverse section of semo.







Cu. XVL) EOCENE STRATA. 231

Dr. T. Thomson found nummulites at an elevation of no less than
16,500 feet above the level of the sea, in Western Thibet.
One of the specie; which I myself found very abundant on the flanks

of the Pyrenees, in a compact crystalline marble Fig. 248.

(fig. 242) is called by M. D'Archiac iVunimuliies
PusciLi. The same is also very common in rocks of
the same age in the Carpatbians.
Another large species (see fig. 243), .Mimnulites

exponens, J Sow, occurs not only in the South of
France, neat Da,, but in Germany, Italy, Asia Minor,
and in Cutch; also in the mountains of Sylhet, on the r,g,,,,,,,gZ(tea pofleflR.
frontiers of China. Sow. Europe and India.

In many of the distant countries above alluded to, in Cutch, for exam

ple, some of the same shells, such as .Wcrila conoidea (.g. 240), accom

pany the Nummulites as in France.
The opinion of many observers, that the nummulitic formation belongs

partly to the cretaceous era, seems chiefly to have arisen from confound

ing an allied genus, Oi'bitoides, with the true Nummulite.
When we have once arrived at the conviction that the nuinmulitic for

mation occupies a middle place in the Eocene series, we are struck with
the comparatively modern date to 'which some of the greatest revolutions
in the physical geography of Europe, Asia, and Northern Africa must be
referred. All the mountain chains, such as the Alps, Pyrenees, Carpa
thians, and Himalayas, into the composition of whose central and loftiest

parts the nummulitic strata enter bodily, could have had no existence till
after the Middle Eocene period. During that period the sea prevailed
where these chains now use, for nummu]ites and their accompanying tes
tacea were unquestionably inhabitants of salt water. Before these events,

comprising the conversion of a wide area from a sea to a continent, Eng
land had been peopled, as I before pointed out (p. 219), by various

quadrupeds, by herbivorous pachyderms, by insectivorous bats, by opos
sums and monkeys.

Almost all the extinct volcanoes which preserve any remains of their

original form, or from the craters of which lava streams can be traced,
are more modern than the Eocene fauna now under consideration; and

besides these superficial monuments of the action of heat, Piutonic influ

ences have worked vast changes in the texture of rocks within the same

period. Some members of the nummulitic and overlying tertiary strata
called flysch have actually been converted in the Central Alps into crys
talline rocks, and transformed into marble, quartz-rock, mica-schist, and

gneiss.*




EOCENE STRATA IN TUB UNITED STATES.

In North America the Eocene formations occupy a large area

bordering the Atlantic, which increases in breadth and importance as
it is traced southwards from Delaware and Maryland to Georgia and

* Murchison, Quart. Journ. of Geol. Soc. vol. v9 and LyelI, vol. vi. 1850,
Anni-versaryAddress.
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Alabama. They also occur in Louisiana and other states both east and

west of the valley of the Mississippi. At Claiborne in Alabama no less

than 400 species of marine shells, with many echinoderms and teeth of

fish, characterize one member of this system. Among the shells, the

Uardila planicosta, before mentioned (fig. 216, p. 214), is in abundance;

and this fossil, and some others identical with European species, or very

nearly allied to them, make it highly probable that the Claiborne beds

agree in age with the central or Bracklesham group of England, and with.

the calcaire grossier of Paris.*

Higher in the series is a remarkable calcareous rock, formerly called

"the nummulite limestone," from the great number of discoid bodies

resembling nummulites which it contains, fossils now referred by A.

d'Orbigny to the genus Orbitoicics, which has been Jemoustrated by Dr.

Carpenter to belong to the foramiuifera.f That naturalist moreover is
Of opinion that the Orbitoides alluded to (0. Mantelli) is of the same

species as one found in Cutch in the Middle Eocene or nunimulitic forma
tion of India. The following section will enable the reader to understand
the position of three subdivisions of the Eocene series, Nos. 1, 2, and 3,
the relations of which I ascertained in Clarke County, between the rivers
Alabama and Tombeckbee.




Fig. 244.




Bettla Hill.
Clarke County.

Claiborne.

I Alabama

1. Sand, marl, &e., with numerous fossils.2. White or rotten limestone, with Zeiiglolon. SEoceno.8. OrbitoIdal, or so called nummuiltic, limestone.4. Overlying formation ofsand and clay without fossils. Ago unknown.

The lowest set of strata, No. 1, having a thickness of more than 100
feet, comprise marly beds, in which the Ostrea sellaforrnis occurs, a shell
ranging from Alabama to Virginia, and being a representative form of
the Ostrea flabellula of the Eocene group of Europe. In other beds of
No. 1, two European shells, Cardita planicosta, before mentioned, and
Solarium canajjcula(zm are found, with a great many other species peculiar to America. Numerous corals, also, and the remains of placoidfish and of rays, occur, and the "swords," as they are called, of swordfishes? all bearing a great generic likeness to those of the Eoeeno strata of
England and France.

No. 2 (fig. 244) is a white limestone, sometimes soft and argillaceous,
* See paper by the author, Quart. Journ. Geol. Soc. vol. iv. p. 12; and SecondVisit to the U. S. vol. ii. p. 59.
f Quart. Journ. Geul. Soc. vol. vi. p. 32.
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but in parts very compact and calcareous. It contains several peculiar
corals, and a large Nautilus allied to .N. ziczac; also in its upper bed a

gigantic cetacean, called Zeugloclon by Owen.*




Fig. 246.

I

Zengtoioi& cetoides, Owen.
Ba8itosauru, Harlan.

Fig. 245. Molar tooth, natural size. Fig. 2.16. Vertebra, reduced.

The colossal bones of this cetacean are so plentiful in the interior of

Clarke County as to be characteristic of the formation. The vertebral

column of one skeleton found by Dr. Buckley at a spot visited by me,

extended to the length of nearly 10 feet, and not far off part of another

backbone nearly 50 feet long was dug up. I obtained evidence, during
a short excursion, of so many localities of this fossil animal within a dis

tance of 10 miles, as to lead me to conclude that they must have belonged
to at least forty distinct individuals.

Prof. Owen first pointed out that this huge animal was not reptilian,
since each tooth was furnished with double roots (see fig. 245), implanted
in corresponding double sockets; and his opinion of the cetacean nature

of the fossil was afterwards confirmed by Dr. Wyman and Dr. R. W.

Gibbes. That it was an extinct mammal of the whale tribe has since

been placed beyond all doubt by the discovery of the entire skull of an

other fossil species of the same family, having the double occipital con

dyles only met with in mammals, and the convoluted tympanic bones

which are characteristic of cetaceans.

Near he junction of No. 2 and the incumbent limestone, No. 8, next

to be Mentioned, are strata characterized by the following shells: Spon

dylus durnOsus (Plagioslorna duniosum, Morton,) PCCtCTh Foulsoni, Fectem

perplanus, and Ostrea cretacca.
No. 3 (fig. 244) is a white limestone, for the most part made up of the

Orbitoicles of D'Orbigny before mentioned (p. 232), formerly supposed
to be a nunimuhite, and called .N .ilfantelli, mixed with a few lunulites,

some small corals, and shells.t The origin, therefore, of this cream

colored soft stone, like that of our white chalk, which it much resembles,
is, I believe, duo to the decomposition of these foraininifera. The surface of
the country where it prevails is sometimes marked by the absence of wood,

' Sec Memoir by It. W. 0ibbe, Journ. of Acad. Nut. Sci. PliUud. vol. i. 184'l.
f LycIl, Quart. Journ. Geol. Soc. 18.17, vol. iv. p. 15.

Fig. 215.
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like our chalk downs, or is covered exclusively by the Juniperus Virgini.

ana, as certain chalk districts in England by the yew-tree and juniper.

Some of the shells of this limestone are common to the Claiborne beds,

but many of them are peculiar.
It will be seen in the section (fig. 244, p. 232) that the strata of Nos.

1, 213 are, for the most part, overlaid by a dense formation of sand or clay

without fossils. In some points of the bluff or cliff of the Alabama river,

at Claiborne, the beds Nos. 1, 2 are exposed nearly from top to bottom,

whereas at other points the newer formation, No. 4, occupies the face of

nearly the whole cliff. The age of this overlying mass has not yet been

determined, as it has hitherto proved destitute of organic remains.

The burr-stone strata of the Southern States contain so many fossils

agreeing with those of Claiborne, that it doubtless belongs to the same part;
of the Eocene group, though I was not fortunate enough to see the rela

tions of the two deposits in a continuous section. Mr. Tuomoy considers

it as the lower portion of the series. It may, perhaps, be a form of the
Claiborne beds in places where lime was wanting, and where silo; derived
from the decomposition of feispar, predominated. It consists chiefly of

slaty clays, quartzose sands, and loam, of a brick-red color, with layers of
cliert or burr-stone, used in some places for mill-stones.

CHAPTER XVII.

CRETACEOUS GROUP.

Lapse of time between the Cretaceous and Eocene periods-Whether certain
formations in Belgium and Prance are of intermediate age-Pisolitio limestone
-Divisions of the Cretaceous series in Northwestern Europe-Maestricbt beds
-Chalk of Faxoe-White chalk-Its geographical extent and origin-Formedin an open and deep sea-How far derived from shells and corals-Single
pebbles in chalk-Chalk flints-Pot.stoncs of Horstead-Fossils of the UpperCretaceous rocks-Echinoderms, Mo1lusca Bryozoa, Sponges-Upper Green
sand and Gault-Clialk of South of Europe-Hippurite limestone-Cretaceous
rocks of the United States.

HAVING treated in the preceding chapters of the tertiary, strata, we have
next to speak of the uppermost of the secondary groups, commonly called
the chalk, or the cretaceous strata, from creta, the Latin name for that
remarkable white earthy limestone, which constitutes an upper member of
the group in these parts of Europe, where it was first studied. The marked
discordance in the fossils of the tertiary, as compared with the cretaceous
formations, has long induced many geologists to suspect that an indefinite
series of ages elapsed between the respective periods of their origin.Measured, indeed, by such a standard, that is to say, by the amount of
change in the Fauna and Flora of the earth effected in the interval, the
time between the cretaceous and Eocene may have been as great as that
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between the Eocene and. recent periods, to the history of which the last

seven chapters have been devoted. Several fragmentary deposits have

been met with here and there, in the course of the last half century, of an

age intermediate between the white chalk and the plastic clays and sands,

of the Paris and London districts, monuments which have the same kind

of interest to a geologist, 'which certain medieval records excite when we

study the history of nations. For both of them throw light on ages of

darkness, preceded and followed by others of which the annuls are com

paratively well known to us. But these newly discovered records do not

fill up the wide gap, some of them being closely allied to the Eocene, and

others to the cretaceous typo, 'while none appear as yet to possess so dis

tinct and characteristic a fauna, as may entitle them to hold an indepen
dent place in the great chronological series.

Among the formations alluded to, the Thanet Sands of Prestwich have

been sufficiently described in the last chapter, and classed as Lower Eo

cene. To the same tertiary series belong the Belgian formations, called

by Professor Dumont, Landenian and Hccrsian, although these are prob

ably of higher antiquity than the Thanet Sands. On the other hand, the

Maestricht and Faxoc limestones are very closely connected with the

chalk, to which also the Pisolitic limestone of France has been recently
referred by high authorities.
The Lower Laudenian beds of Belgium consist of mans and sands, often

containing much green earth, called glauconite. They may be seen at

Tournay, and at Angres, near Mons, and at Orp-le-Grand, Lincent, and

Landen in the ancient province of Hesbayc, in Belgium, where they
supply a durable building-stone, yet one so light as to be easily trans

ported. Some few shells of the genus Plwloclamya, Sccdaria, and others,

agree specifically with fossils of the Thanet Sands; but most of them,

such as Astarte incquilatera, Nyst, are peculiar. In the building-stone
of Orp-lc-Grand, I found a Cardiaster, a genus which, according to

Professor E. Forbes, was previously unknown in rocks newer than the

cretaceous.
Still older than the Lower Landenian is the marl, or calcareous glau

conite of the village of Heers, near Waremme, in Belgium; also seen at

Marhinne in the same district, where I have examined it. It has been

sometimes classed with the cretaceous series, although as yet it has

yielded no forms of a decidedly cretaceous aspect, such as Ammonite,

Baculite, Belemnite, Hippurito, &c. The species of shells are for the

most part new; but it contains, according to M. Hébert, Fholocla;nya
cuncata, an Eocene fossil, and he assigns it with confidence to the tertiary
series.

Fisolitic limestone of France.-Geologists have been still more at

variance respecting the chronological relations of this rock, which is

met with in the neighborhood of Paris, and at places north, south,

east, and west of that metropolis, as between Vertus and Laversines,
Meudon and Monterenu. It is usually in the form of a coat-so yellow
ish or whitish limestone, and the total thickness of the series of beds,
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already known is about 100 feet. Its geographical range, according to

M. Hébert, is not less than 45 leagues from east to west, and 35 from

north to south. Within these limits it occurs in small patches only, rest

ing unconformably on the white chalk. It was originally regarded as

cretaceous by M. E. do Beaumont, on the ground of its having undergone,

like the white chalk, extensive denudation previous to the Eocene period;

but many able paleontologists, and among others MM. C. D'Orbigny,

Deshayes, and D'Arct'iac, disputed this conclusion, and, after enumerating

54 species of fossils, declared that their appearance was more tertiary than

cretaceous. More recently, M. Hért having found the Fecten quadri

costatus, a cretaceous species, in this same pisolitic rock, at Montoreau

near Paris, and some few other fossils common to the Maestricht chalk,

and to the Baculite limestone of the Cotentin, in Normandy, classed it as

an upper member of the cretaceous group, an opinion since adopted by
M. Alcide D'Orbigny, who has carefully examined the fossils. The

Nautilus Danicus (fig. 249), and two or three other species found in this

rock, are frequent in that of Faxoc in Denmark, but as yet no Ammonites,

Hamites, Scaphites, Turrilites, Baculites, or Hippurites have been met

with. The proportion of peculiar species, many of them of tertiary aspect,
is confessedly large; and great aqueous erosion suffered by the white
chalk, before the pisolitic limestone was found, affords an additional indi

cation of the two deposits being widely separated in time. The pisolitic
formation, therefore, may eventually prove to be somewhat more inter
mediate in date between the secondary and tertiary epochs than the
Maestricht rock.

It should however be observed, that all the above-mentioned strata,
from the Thanet sands to the Pisolitic limestone inclusive, and even
the Maestiicht rock, next to be described, exhibit marks of denudation

experienced at various dates, subsequently to the consolidation of the
white chalk. This fact helps us in some degree to explain the remark
able break in the sequence of European rocks, between the secondary
and tertiary eras, for many strata which once existed have doubtless been
swept away.




CLASSIFICATION OF THE CRETACEOUS ROCKS.

The cretaceous group has generally been divided into an Upper and
a Lower series, each of them comprising several subdivisions, distin
guished by peculiar fossils, and sometimes retaining a uniform mineral
character throughout wide areas. The Upper series is often called famil
iarly the chalk, and the Lower the ,qrcensand, the last-mentioned name
being derived from the green color imparted to certain strata by grainsof chloritk matter. The following table comprises the names of the sub
divisions most commonly adopted:

UPPER CRETAOEOUB.
A. 1. Mnestricht beds and Faxoc Iimcstones.

2. White chalk with flints.
a Chalk marl, or gray citalic slightly argillaceous.
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4. Upper greensand, occasionally with beds of chert, and with chioritic marl

(ernie chloritin of French authors) in the upper portion.
. Gault, including the ]3lackdown beds.

LOWER. CRETACEOUS (or Neocomian).

B. 1. Lower greensand-Greensand, Ironsand, clay, and occasional beds of lime

stone (Kentish Rag).
2. Wealden beds or Weald clay and Hastings sands.*

MaestrzclLt Beds.-On the banks of the Meuse, at Maestricht, reposing
on ordinary white chalk with ifints, we find an upper calcareous formation

about 100 feet thick, the fossils of which are, on the whole, very peculiar,
and all distinct from tertiary species. Some few are of species common

to the inferior white chalk, among which may be mentioned Belemnites

nzucronaeus (fig. 256, p. 245) and Fecten. quadricostatus, a shell xe

garded by many as a mere variety of P. quinguecostatus (see fig. 2'll).

Besides the Belemnite there are other genera, such as )3aculite and Ha

mite, never found in strata newer than the cretaceous, but frequently met

with in these Maest.richt beds. On the other hand, Voluta, Faiciolaria,

and other genera of univalve shells, usually met with only in tertiary
strata, occur.
The upper part of the rock, about 20 feet thick, as seen in St. Peter's

Mount, in the suburbs of Maestricht, abounds in corals and Bryozoa, often

detachable from the matrix; and these beds are succeeded by a soft yel
lowish limestone 50 feet thick, extensively quarried from time immemorial

for building. The stone below is whiter, and contains occasional nodules

of gray chert or chalcedony.

M.Bosquet, with whom I examined this formation (August, 1850),

pointed out to me a layer of chalk from 2 to 4 inches thick, containing

green earth and numerous enerinital stems, which forms the line of de

marcation between the strata containing the fossils peculiar to Maestricht

and the white chalk below. The latter is distinguished by regular layers
of black flint in nodules, and by several shells, such as Terebratula canna

(see fig. 267), wholly wanting in beds higher than the green band. Some

of the organic remains, however, for which St. Peter's Mount is cele

brated, occur both above and below that parting layer, and, among
others, the great marine reptile called Afosasaurus (see fig. 247), a. sau

rian supposed to have been 24 feet in length, of which the entire skull

* M. Alcide D'Orbigny, in his valuable work entitled PaLontologie Française,
has adopted new terms for the French subdivisions of the Cretaceous Series, which,
so far as they can be made to tally with English equivalent; seem explicable thus.

Etage Danien. Maestrieht beds.

Etaga Senonien. White chalk, and chalk marl.

Etage Turonien. Part of the chalk marl.

Etago Cenomanien. Upper greensand.
Etage Albicn. Gault..
Etage Aptien. Upper part of lower greensand
Etage Neocomien. Lower part of same.
Etage Neocomien

inf6vicur. Weniden beds and contemporaneous marine strata.
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and a great part of the skeleton have been found. Such remains are

chiefly met with in the soft freestone, the principal member of the

Fig. 247.

Maestxicht beds. Among the fossils common to the Maestric.ht and white

chalk may be instanced the echinoderm (fig. 248).
I saw proofs of the previous denudation of the white chalk exhibited

in the tower bed of the Maestricht formation Fig. 248.
in Belgium, about 30 miles S.W. of Maestricht,
at the village of Jendrain, where the base of
the newer deposit consisted chiefly of a layer /"
of well-rolled, black, chalk-flint pebbles, in the

/ f
midst of which perfect specimens of TIccidea
radians and Beleninites mucrona(us are im
bedded.

ii?inipflzz8ts radlatu8, Ag.Chalk qf Faxoc.-In the island of Seeland Spueangue ,adicztua Lam.
Chalk of Maestrlcht an1 whitein Denmark, the newest member of the chalk chalk.

series, seen in the sea-cliffs at Stevensklint resting on white chalk with
flints, is a yellow limestone, a portion of which, at Faxoc, where it is
used as a building-stone, is composed of corals, even more conspicuously
than is usually observed in recent coral reefs. It has been quarried to
the depth of more than 40 feet, but its thickness is unknown. The im
bedded shells are chiefly casts, many of them of univalve mollusca, which
are usually very rare in the white chalk of Europe. Thus, there are two
species of Uprcea, one of Oliva, two of .3fitra, four of the genus
cerithium, six of Fusus, two of TrociLus, one Patella., one Eznarginula,

on the whole, more than thirty univalves, spiral or patciliform. At
the same time, some of the accompanying bivalve shells, echinoderms, and
zoophytes are specifically identical with fossils of the true Cretaceous
series. Among the cephalopoda of Faxoo may be mentioned Bacu
lite3 Faujasil and Bclemnjes mucronalus, shells of the white chalk.
The .&autilus Danicus (see fig. 240) is characteristic of this formation;
and it also occurs in France in the calcaire pisolitique of Laversin (deptof Oise).




2fosasauru8 eamperl. Original more than 8 feet tong.
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Pig. 249.
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.lat:1itus Dan (cue, Sch1-Paoe, Denmark.

The claws and entire skull of a small crab, Bracltyu
ms rugosus (Schlottheim), are scattered through the
Faxoo stone, reminding us of similar crustaceans in
closed in the rocks of modern coral reefs. Some
small portions of this corallinc formation consist of
white earthy chalk; it is therefore clear that this sub
stance must have been produced simultaneously; a
fact of some importance, as bearing on the theory of
the origin of white chalk; for the decomposition of
such corals as we see at Faxoe is capable, we know, of

forming white mud, undistinguishable from chalk, and

which we may suppose to have been dispersed far and
wide through the ocean, in which such reefs as that of
Faxoc grew.

White cltailc see Tab. p. 236, et seq.).-The highest
beds of chalk in England and France consist of a pure,
white, calcareous mass, usually too soft for a building
stone, but sometimes passing into a more solid state. It
consists, almost purely, of carbonate of lime; the strati
fication is often obscure, except where rendered distinct

by interstratified layers of flint, a few inches thick, occa

sionally in continuous beds, but oftener in nodules, and

recurring at intervals from 2 to 4 feet distant from
each other.

This upper chalk is usually succeeded, in the descend

ing order, by a great mass of white chalk without flints,

below which comes the chalk marl, in which there is a

slight admixture of argillaceous matter. The united

thickness of the three divisions in the south of England
equals, in some places, 1000 feet.

The annexed section (fig. 250) will show the man
ner in which the white chalk extends from England
into France, covered by the tertiary strata described
in former chapters, and reposing on lower cretaceous
beds.
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Geographical extent and origin of the While Chalk.-The area over

which the white chalk preserves a nearly homogeneous aspect is so vast,

that the earlier geologists despaired of discovering any analogous de

posits of recent date. Pure chalk, of nearly uniform aspect and compo

sition, is met with in a northwest and. southeast direction, from the north

of Ireland to the Crimea, a distance of about 1140 geographical miles,

and in an opposite direction it extends from the south of Sweden to the

south of Bourdeaux, a distance of about 840 geographical miles. In

Southern Russia, according to Sir R.. Murchison, it is sometimes 600 feet

thick, and retains the same mineral character as in Franca and England,
with the same fossils, including Inoceramus (Juvieri, Belemnites niucro

natus, and Ostrea vesicularis.

But it would be an error to imagine that the chalk was ever spread out

continuously over the whole of the space comprised within these limits,

although it prevailed in greater or less thickness over large portions of

that area. On turning to those regions of the Pacific where coral reefs

abound, we find some archipelagoes of lagoon islands, such as that of

the Dangerous Archipelago, for instance, and that of Radack, with sev
eral adjoining groups, which are from 1100 to 1200 miles in length,
and 300 or 400 miles broad; and, the space to which Flinders proposed
to give the name of the Coraflino Sea is still larger; for it is bounded
on the east by the Australian barrier-all formed of coral rock,-on
the west by Now Caledonia, and on the north by the reefs of Louisiade.

Although the islands in these areas may be thinly sown, the mud of
the decomposing zoophytes may be scattered far and wide by oceanic
currents. That this mud would resemble chalk I have already hinted
when speaking of the Faxoc limestone, p. 238, and it was also remarked
in an early part of this volume, that even some of that chalk, which
appears to an ordinary observer quite destitute of organic remains,
is nevertheless, when seen under the microscope, full of fragments of
corals, bryozoa, and sponges; together with the valves of entomo
straca, the shells of foraminifera, and still more minute infusoria. (See
p.26.)
Now it had been often suspected, before these discoveries, that white

chalk might be of animal origin, even where every trace of organic struc
ture has vanished. This bold idea was partly founded on the fact, that
the chalk consisted of carbonate of lime, such as would result from the
decomposition of testacea, echini, and corals; and partly on the passage
observable between these fossils when half decomposed and chalk. But
this conjecture seemed to many naturalists quite vague and visionary,until its

probability was strengthened by new evidence brought to light
by modern geologists.
We learn from Capt. Nelson, that, in the Bermuda Islands, and in

the Bahamas, there are many basins or lagoons almost surrounded and
inclosed by reefs of coral. At the bottom of those lagoons a soft white
calcareous mud is formed, not merely from the comminution of corallines
(or calcareous plants) and corals, together with the cxuvi of foraminifera,
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mollusks, echinoderms, and crustacean; but also, as Mr. Darwin observed

upon studying the coral islands of the Pacific, from the ftecal matter

ejected by echinoderms, conchs, and. coral-eating fish. In the West

Indian seas, the conch (Strombus çjigas) adds largely to the chalky mud

by means of its faecal pellets, composed of minute grains of soft calca

reous matter, exhibiting some organic tissue. Mr. Darwin describes

gregarious fishes of the genus Scarus, seen through the clear waters

of the coral regions of the Pacific browsing quietly in great numbers

on living corals, like grazing herds of graminivor
otis quadrupeds. On opening their bodies, their FI. 251.

intestines were found to be filled with impure
chalk. This circumstance is the more in point,
when we recollect how the fossilist was formerly

"

puzzled by meeting, in chalk, with certain bodies,
called "larch-cones," which were afterwards rec

ognized by Dr. Buckland to be the excrement of
''

fish. Such spiral coprolites (fig. 251), like the




Coproiitesofflsli called Jido
scales and bones of fossil fish in the chalk, are ewo-copri, from (ho chalk.

composed chiefly of phosphate of lime.
In the Bahamas, the angel-fish, and the unicorn or trumpet-fish, and

many others, feed on shell-fish, or on corals.

The mud derived from the sources above mentioned may be actually
seen in the Maldiva Atolls to be washed out of the lagoons through nar

row openings leading from the lagoon to the ocean, and the waters of the

sea are discolored by it for some distance. When dried, this mud is very
like common chalk, and might probably be made by a moderate pressure
to resemble it more closely.*

Mr. Dana, when describing the elevated coral reef of Oahu, in the

Sandwich Islands, says that some varieties of the rock consist of aggre

gated shells, imbedded in a compact calcareous base as firm in texture as

any secondary limestone; while others are like chalk, having its color,

its earthy fracture, its soft homogeneous texture, and being an equally good

writing material. The same author describes, in many growing coral

reefs, a similar formation of modern chalk, undistinguishable from the

ancient.f The extension, over a wide submarine area, of the calcareous

matrix of the chalk, as well as of the imbedded fossils, would take place
more readily in consequence of the low specific gravity of the shells of

mollusca and zoophytes, when compared with ordinary sand and mineral

matter. The mud also derived froul their decomposition would be much

lighter than argillaceous and inorganic mud, and very easily transported

by currents, especially in salt water.

Single pebbles in chalk.-TlIo general absence of sand and pebbles in
the white chalk has been already mentioned; but the occurrence here
and there, in the southeast of England, of a few isolated pebbles of

* See Nelson, Geol. Trans. 183'l, vol. v. p. 103; and Geol. Quart. Journ. 1863,
p. 200.

+ Geol. of U. S. Exiloring Exped. p. 252, 1840.
10
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quartz and green schist, some of them 2 or 3 inches in diameter, haE

justly excited much wonder. If these had been carried to the spots

where we now find them by waves or currents from the lands once

bordering the cretaceous sea, how happened it that no sand or mud

was transported thither at the same time? We cannot conceive such

rounded stones to have been drifted like erratic blocks by ice (see ch.

x. and xi.), for that would imply a cold climate in the Cretaceous period;

a supposition inconsistent with the luxuriant growth of large chambered

univalves, numerous corals, and many fish, and other fossils of tropical
forms.
Now in Keeling Island, one of those detached masses of coral which

rise up in the wide Pacific, Captain Ross found a single fragment of green
stone, where every other particle of matter was calcareous; and Mr. Dar

win concludes that it must have come there entangled in the roots of a

large tree. He reminds us that Chamisso, the distinguished naturalist
who accompanied Kotzebue, affirms, that the inhabitants of the Radack

archipelago, a group of lagoon islands in the midst of the Pacific, oh

tamed stones for sharpening their instruments by searching the roots of
trees which are cast up on the beach.*

It may perhaps be objected, that a similar mode of transport cannot
have happened in the cretaceous sea, because fossil wood is very rare in
the chalk. Nevertheless wood is sometimes met with, and in the same

pares of the chalk where the pebbles are found, both in soft stone and in
a silicified state in flints. In these cases it has often every appearance of

having been floated from a distance, being usually perforated by boring
shells, such as the Tereclo and Fistulana4
The only other mode of transport which suggests itself is sea-weed.

Dr. Beck informs me that in the Lym-Fiord, in Jutland, the Fucu8
vesiculosus, often called kelp, sometimes grows to the height of 10 fept,
and the branches rising from a single root form a cluster several feet in
diameter. When the bladders are distended, the plant becomes so buoy
ant as to float up loose stones several inches in diameter, and these are
often thrown by the waves high up on the beach. The Fucus giganteus
of Solander, so common in Terra dcl Fuego, is said by Captain Cook to
attain the length of 360 feet, although the stem is not much thicker than
a man's thumb. It is often met with floating at sea, with shells attached,
several hundred miles from the spots where it grew. Some of these
plants, says Mr. Darwin, were found adhering to large loose stones in the
inland channels of Terra dcl Fuego, during the voyage of the Beagle in
1834; and that so firmly, that the stones were drawn up from the bottom
into the boat, although so heavy that they could scarcely be lifted in byone person. Some fossil sea-weeds have been found in the Cretaceous
formation, but none, as yet,, of large size.
But we must not imagine that because pebbles are so rare in the white

* Darwin, p. 549. Kotzcbuc'e First Voyage, Vol. ilL p. 155.
f Mantel], Geol. of S. E. of England, p. i6.-
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chalk of England and France there are no proof of sand, shingle, and

clay having been accumulated contemporaneously even in European seas.
The siliceous sandstone, called "upper quader" by the Germans, overlies
white argillaceous chalk or "pläner-kalk," a deposit resembling in com

position and organic remains the chalk marl of the English series. This
sandstone contains as many fossil shells common to our white chalk as
could be expected in a sea-bottom formed of such different materials. It
sometimes attains a thickness of 600 feet, and by its jointed structure and
vertical precipices, plays a conspicuous part in the picturesque scenery of
Saxon Switzerland, near Dresden.

Chalk .Flints.-The origin of the layers of flint, whether in continuous
sheets or in the form of nodules, is more difficult to explain than is that
of the white chalk. No such siliceous masses are as yet known to ac

company the aggregation of chalky mud in modern coral reef. The
flint abounds mostly in the uppermost chalk, and becomes more rare or
is entirely wanting as we descend; but this rule does not hold universally
throughout Europe. Some portion of the flint may have been derived
from the decomposition of sponges and other zoophytes provided with
siliceous skeletons; for it is a fact, that siliceous spicul, or the minute
bones of sponges, are often met with in flinty nodules, and may have
served at least as points of attraction to some of the siliceous matter when
it was in the act of separating from chalky mud during the process of
solidification. But there are other copious sources before alluded to,.
whence the waters of the ocean derive a constant supply of silex in solu
tion, such as the decomposition of felspathic rock (see p. 42), also min
eral springs rising up in the bed of the sea, especially those of a high
temperature; since their waters, if chilled when first mingling with the
sea' would readily precipitate siliceous matter (see above, p. 42). N.ever
theless, the occurrence in the white chalk of beds of nodular or tabular
flint at so many distinct levels, implies a periodical action throughout
wide oceanic areas not easily accounted for. It seems as if there had
been time for each successive accumulation of calcareo-siliceous mud to
become partially consolidated, and for a rearrangement of its particles
to take place (the heavier silex sinking to the bottom) before the next
stratum was superimposed; a process formerly suggested by Dr. Buck
land.*
Amore difficult enigma is presented by the occurrence of certain huge

flints, or potstones as they are called in Norfolk, occurring singly, or

arranged in nearly continuous columns at right angles to the ordinary
and horizontal layers of small flints. I visited, in the year 1825, an
extensive range of quarries then open on the river Bure, near Horstead,
about six miles from Norwich, which afforded a continuous section, a
quarter of a mile in length, of white chalk, exposed to the depth of 26
feet) and covered by a thick bed of gravel. The potstones, many of them

pear-shaped, were usually about three feet in height, and one foot in their

* Geol. Trans., First series, vol. iv. p. 413.
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transverse diameter, placed in vertical rows, like pillars at irregular di

tanees from each other, but usually from 20 to 30 feet apart, though some

Fig. 252.

times nearer together, as in the above sketch. These rows did not ter
minate downwards, in any instance which I could examine, nor upwards,
except at the point where they were cut off abruptly by the bed of

gravel. On breaking open the potstones, I found an internal cylindrical
nucleus of pure chalk-, much harder than the ordinary surrounding chalk,
and not crumbling to pieces like it, when exposed to the winter's frost.
At the distance of half a mile, the vertical piles of potstoncs were much
farther apart from each other. Dr. Bucklaud has described very similar
phenomena as characterizing the white chalk on the north coast of An
trim, in Ireland.*

FOSSILS OF THE UPPER CRETACEOUS ROCKS.

Among the fossils of the white chalk, echinoderms are very numerous;

Fig. 28.

Inanc1qjte. oratua. White chalk, upper and lower.a. Sido 'vlow.
b. Bottom of the shell on wij hin(hi the oral and anal apertures are placed;the anal being mor, round, and at the smaller end.
* Geol. Trans., First series, vol. iv. P. 413, "On l'ararnoudrn," &C.

From a drawing by Mrs. Gunn. -
View of a chalk pit atliorstend, near Norwich, showing tim position of the potstoncs.
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and some of the genera, like Anancliytes (see fig. 253), are exclusively
cretaceous. AmoBg the Crinoidea, the ltfar8upile (fig. 260) is a charao-

Pig. 25&




Fig. 255.

Gateri(ea aThogaleru8, Lame
Wh(to chalk.

teristic genus. Among the mollusca, the ccplialopt1a, or chambered
univalves, of the genera Ammonite, Scaphite, Belemnite (fig. 256), Bacu
lito (257-259), and Turrilite (262, 263), with. other allied forms, present
a great contrast to the testacea of the same class in the tertiary and recent

periods.




Fig. 26.

a. .BeZeinnftes ,ntwronatu,.
b. Same, showing Internal structure. Maestrlcht, Fnxo, and white chalk.

Pig. 957.

.Baculite8 ancepe. Upper grconsand, or ebioritic marl, craic c/i torttêe. France.
A. D'Orb. Tcrr. Crot.

Fig. 259.

Portion of BaouZit Faujasil.
Mnestrlcht and Faxoo beds and whito chalk.




Fig. 259.

Portion of L'acuZltee ancepa.
Maestrlcht and Faxoo beds and white chalk.

PIg. 260. Fig. 261.

Scaphi(e. a'quaZt.. Chioritlo
finn of Upper Orconeand,

Doracthbtrc.

2iloraRter cor-anguinum.
White chalk.

2farsupitea Mitten.
White chalk.
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Fig. 262.




711

marl.

Fig. 263.

a. Fragment of Turrilites co8tatu8.
Chalk

b. Same, showing the Indented border
of the partition of the chambem.

Among the brachiopoda in the white chalk, the Terebratula.' are very
abundant. These shells are known to live at the bottom of the sea, where

Fig. 264. Fig. 265. FIg. 266. Fig. 261.

Tcrebra(ida .Th'franoii. Tdre7)ratula TerebratiiZa )umiius. Terebratula
Upper white chalk. octaplicata. (Magas pumaus, Sow.) carnea.

(Var. of T. pUcatili.) Upper white chalk. Upperwhite chalk.
Upper white chalk.

the water is tranquil and of some depth (see figs. 264, 265, 266, 267,
268). With these are associated some forms of oyster (see figs. 275,
276, 277), and other bivalves (figs. 269, 270, 271, 272, 2'13).

Pig. 268.

Terabratula biplicataBow. Upper crct.acoous.




Pig. 202.

Crania Parislenefa,Inferior or attached
valve.

Upper white chalk.




Fig. 270.

Paten .8aavari, reduced to
ono-third diameter.

Lower white chalk and chalk
marL MAldntono.

Among the bivalve mollusca, no form marks the cretaceous era in
Europe, America, and India in a more striking manner than the
extinct genus Inocerag (Catillus of Lam.; see fig. 274), the shell2

Turriltteii costatus.
Chalk.
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of which are distinguished by a fibrous texture, and are often met with in

fragments, having probably been extremely friable.

Fig. 2T1.




Fig. 2T2.




Fig. 273.

Peclen 5.costatue.
White chalk, upper and

lower gredusandL




Plogioelo,na Floperi, Sow.
Syn. Lima 1/opera.

White chalk and upper
greenEand.




Ptagiostoma 8pilzO8Ufll, Sow.
Syn. Spnndylu. apinoa'ws.

Upper white chalk.

Of the singular family called 1udistes, by Lamarek, hereafter to be
mentioned as extremely characteristic of the chalk of Southern Europe, a

Fig. 274.

Inoceramus Lamarck(i.
Syn. 'atiZlus Lamarckil.

White chalk (Dixon's Geol. Sussex, Tab. 28,
fig. 29).




Fig. 275.

Ostrea ve5iettlarl8. Byn. Gryphoa globosa.
Upper chalk and upper groensand.

single representative only (fig. 2'18) has been discovered in the white

chalk of England.

Fig. 276.




Fig. 277.

OAtrca cotuniba. Ostrea carinata. Chalk mnrl, upper and
Byn. Gryplw!a cotumba. lower grecn8and.

Upper greonsand












248
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Fig. 278.




Fig. 279.

1I

Fig. 2S1.
I

Radiolitea Jfortoni, Mankil. Houghton, Sussex. White chalk.
Diameter one-seventh nut. size.

278. Two Individuals deprived of their upper valves, adhering together.
279. Same seen from above.
29. Transverse section ofpart ofthe wall ofthe shell, magnified to show the sucturo.
2S1. Vertical section of the same.

On the side where the shell Is thinnest, there is one external furrow and corresponding Internal
ridge, a, b, figs. 278, 279; but they are usually less prominent than in these figures. This species
was first referred by Mantell to ifippurites, afterwards to the genus Radiolites. I have never
seen the upper valve. The specimen above figured was discovered by the into Mr. Dixon.

With these mollusca are associated many Bryozoa, such as Escitara
and .Esclwrina (figs. 282, 283), which are alike marine, and, for the

Fig. 282.




Edcliara dieticha.
a. Natural size.
b. Portion magnified.

White chalk.

t

U

Ec1Larjna oceanj.
a. Natural size.1.. Part ofthosame maIüe Whitechalk.halk.




Ventr(cutlies radiatu8.
Mantel!.

Byn. Oceliarla radlata,
D'Orb. White chalk.

most part indicative of a deep sea. These and other organic bodies, es-
pecially sponges, such as Ventricuijies (fig. 284) and SipiLonia (fig. 286),

Fh. 2S0.

Fig. 2S3.




Fig. 2S4.
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are dispersed indifferently through the soft chalk and bard flint, and some
of the flinty nodules owe their irregular forms to inàlosed sponges, such as

fig. 285 a, where the hollows in the exterior are caused by the branches

of a sponge, seen on breaking open the flint (fig 285 1').




Fig. 286.

Fig. 2S5.

A orancaing sponge in a nm; irom wo winto cnnu.
From the collection of W. Bowerbank.

The remains of fishes of the Upper Cretaceous formations consist

chiefly of teeth of the shark family, of genera in part common to the

Fig. 2S3.
a

]?g. 28T.

Palatal tooth of
PlychoClu8 deeurren8.
Lower white chalk.

Maidstone.

tertiary, and partly distinct. To the latter belongs the genus Plychodus
(fig. 28'l), which is allied to the lirhig Port Jackson Shark, Cesiracion

8ip1ion(zpyri
form1..

Chalk mart

CeRtraoion PlillUppi; recent.
Port; Jackson. Buckiand, Bridowator Treatise, p1. 2T, cI
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Phillppi, the anterior teeth of which (see fig. 288 a) are sharp and cut

ting, while the posterior or palatal teeth (b) are flat, and. analogous to

the fossil (fig. 287).
But we meet with no bones of land animals, nor any terrestrial or

fiuviatile shells, nor any plants, except sea-weeds, and hero and there a

piece of drift wood. All the appearances concur in leading us to con

clude that the white chalk was the product of an open sea of considerable

depth.
The existence of turtles and oviparous saurians, and of a Pterodactyl or

winged lizard, found. in the white chalk of Maidstone, implies, no doubt,

some neighboring land; but a few small islets in mid-ocean, like Ascen

sion, formerly so much frequented by migratory droves of turtle, might

perhaps have afforded the required retreat where these creatures laid their

eggs in the- sand, or from which the flying species may have been blown

out to sea. Of the vegetation of such islands we have scarcely any in

dication, but it consisted partly of cycadeous plants; for a fragment of

one of these was found by Capt. Thbetson in the chalk marl of the Isle of

Wight, and is referred by A. Brongniart to CiaIliraria Lyellii, Mautell, a

species common to the antecedent Wcaldeu period.
The Pterodactyl of the Kentish chalk, above alluded to, was of gigantic

dimensions, measuring 16 feet 6 inches from tip to tip of its outstretched

wings. Some of its elongated bones were at first mistaken by able anat

omists for those of birds; of which class no osseous remains seem as yet
to have been derived. from the chalk, or indeed from any secondary or

primary formation, oxcept perhaps the Wealden.

Upper greensand (Table, p. 105, &c.)-The lower chalk 'without flints

passes gradually downwards, in the south of England, into an argillaceous
limestone, "the chalk marl," already alluded to, in which ammonites and
other cephalopoda, so rare in the higher parts of the series, appear. This

many deposit passes in its turn into beds called the Upper Greensand,

containing green particles of sand of a chioritic mineral. In parts of

Surrey, calcareous matter is largely intermixed, forming a stone called
firestone. In the dliftl of the southern coast of the Isle of Wight, this

upper greensand is 100 feet thick, and contains bands of siliceous lime
stone and calcareous sandstone with nodules of chert.
The Upper Greensanc]. is regarded by Mr. Austen and Mr. D. Sharpe,

as a littoral deposit of the Chalk Ocean, and, therefore,
contemporane-ouswith part of the chalk marl, and even, perhaps, with some prt
of the white chalk. For as the laud went on sinking, and the oretace
ous sea widened its. area, white mud and chioritic sand were always
forming somewhere, but the line of sea-shore was perpetually vryiflg
its position. Hence, though both sand and mud originated simultane
ously, the one near the laud, the other far from it, the sands in every
locality 'where a shore became submerged, might constitute the under
lying deposit.

Qault.-Tlje lowest member of the upper Cretaceous group, usually
about 100 feet thick in the S. E. of England, is provincially termed
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Gault. It consists of a dark blue marl, sometimes intermixed with green-
sand. Many peculiar forms of cephalopoda, such as the Harnite (fig. 291)

Fossils of tho Upper Greonsand.

Pig. 2S9. Fig. 290.

6

!1

a. T6rebrat,aa lyra. lupper Greonsand.
7' flame, aeon n proffle. ranco.

Pig. 291.

and Scaphite, with other fossils, characterize this formation, which, small

as is its thickness, can be traced by its organic remains to distant parts of

Europe, as, for example, to the Alps.
Tue Blac1dowz beds in Dorsetsbire, celebrated for containing many

species of fossils not found elsewhere, have been commonly referred to the

Upper Greensand, which they resemble in mineral character; but Mr.

Sharpe has suggested, and apparently with reason, that they are rather

the equivalent of the Gault, and were probably formed on the shore of

the sea, in the deeper parts of which the fine mud called Gault was de

posited. Several Blackdown species are common to the Lower cretaceous

series, as, for example, Trigonia caudata, fig. 299. We learn from M.

D'Archiac, that in France, at. Mons, in the valley of the Loire, strata of

greensaud occur of the same age as the Blackdown beds, and containing

many of the same fossils. They are also regarded as of littoral origin by
M. DiArchiac.*
The phosphate of lime, found near Farnham, in Surrey, in such abun

dance as to be used largely by the agriculturist for fertilizing soils, occurs

exclusively, according to Mr. R. A. C. Austen, in the upper greensand
and gauk. It is doubtless of animal origin, and partly coprolitic, prob
ably derived from the excrement of fish.

Bist. des Progrs do la G&1., &c., vol. iv. p. 360, 1851.

4rnrnonftc8 Rliotornagenail.
Upper Oreonsand.

Hamites ipiniger (PlUon); near Pollstone. Gaul'-
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rnPPtTRITE tTMESTONE.

Diferencc between the chalk- of the north and south ofEurope.-B3

the aid of the three tests of relative age, namely, superposition, mineral

character, and fossils, the geologist has been enabled to refer to the same

Cretaceous period certain rocks in the north and south of Etuope, which

differ greatly, both in their fossil contents and in their mineral composition

and structure.
If we attempt to trace the cretaceous deposits from England and

France to the countries bordering the Mediterranean, we perceive, in the

first place, that the chalk and greensanci in the neighborhood of London

and Paris form one great continuous mass, the Straits of Dover being a

trifling interruption, a mere valley with chalk cliffs on both sides. We

then observe that the main body of the chalk which surrounds Paris

stretches from Tours to near Poitiers (see the annexed map, fig. 292, in

which the shaded part represents chalk).
Pig. '202.

Between Poitiers and La Rochelle, the

space marked A on the map separates two

regions of chalk. This space is occupied by
the Oolite and certain other formations older
than the Chalk, and has been supposed by A
M. E. do Beaumont to have formed an
island in the cretaceous sea. South of this Et2- ochelic

space we again meet with a formation , oaieiewhich we at once recognize by its mineral
character to be chalk, although there are
some places where the rock becomes 1.50
oolitic. The fossils are, upon the whole,

very similar; especially certain species of
the genera Spatangus, .Ananchytes, Cida- Ca/i

rites, IVicula, Ostrea, Gryphca (Exogyra), B
Fecten, Flagiostorna (Lima), Trigonia,

* . UCatillus (Inoceramus, and Tereliratula 3TeICi: .0But Ammonites, as M. d'Archiac observes,
of which so many species are met with in
the chalk of the north of France, are scarcely ever found in the southern
region; 'while the genera Harnite, Turrilite, and ScapiLite, and perhaps
Belemnite, are entirely wanting.
On the other hand, certain forms are common in the south which are

rare or wholly unknown in the north of France. Among these may be
mentioned many Hippuris, Sp1urulites, and other members of that
great family of mollusca called .Rudiste by Lamarek, to which nothing
analogous has been discovered in' the living creation, but which 18
quite characteristic of rocks of the Cretaceous era in the south of

* D'Arc1iac, stir Ia Form Crtacéo du 5. 0. do la France, Mérn. do la Soc. GêoL
le France, torn. ii.
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France, Spain, Sicily, Greece, and other countries bordering the Mediter
ranean.




Pig.293. Pig.294

a. J?adioZite8 radio8us, D'Orb. (Zlippurites, Lain.)
#. Upper valve ofsame.

Whito chalk of France.




Fig. 205.

(I

I.




RadioWe8follaceus, D'Orb.
Byn. a/wr?:litt's agarici

Jornli8, l3lainv.
Wblto chalk of France.

Ilippurilea organisans, Desmoulins.
Upper clialk:-chalk marl or Pyrenees?*

a. Young individual; when full grown they occur in groups adhering
laterally to each other.

b. Upper aide of the upper valve, showing a reticulated structure in
those parts, b, where tho external coating is worn off.

c. Upper end or opening of the lower and cylindrical valve.
d. Cast of the interior of the lower conical valve.

The species called .Tfzppuriles Organisans (fig. 295) is more abundant
than any other in the south of Europe; and the geologist should make
himself well acquainted with the cast d, which is far more common in

ninny compact marbles of the upper cretaceous period than the shell

itself, this having often wholly disappeared. The flutings, or smooth,
rounded, longitudinal ribs, representing the form of the interior, are wholly
unlike the Hippurito itself, and in some individuals attain a great size and

length.
Between the region of chalk last mentioned, in which Perigucux is

* D'Orbigny'e Paléontologie Françai8e, p1. 533.
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situated, and the Pyrenees, the space B intervenes. (Sec Map, fig. 292.)

Here the tertiary, strata cover, and for the most part conceal, the

cre-taceousexcept 111 some spots where they have been laid open by the

denudation of the newer formations. In these places they arc seen still

preserving the form of a whito chalky rock, which is charged in part with

grains of gt'ccnsand. Even as far south as Tercis, on the Adour, near

Dax, cretaceous rocks retain this character where I examined them in

1828, and where M. Grateloup has found in them AnanciLytes ovata

(fig. 253), and other fossils of the English chalk, together with Hippurites.

CRETACEOUS ROCKS IN THE UNITED STATES.

If we pass to the American continent, we find in the State of New

Jersey a series of sandy and argillaceous beds wholly unlike our Upper
(Jretaccous system; which we can, nevertheless, recognize as referable,

paleoutologically, to the same division.

Thit they were about the same age generally as the European chalk

and greensand, was the conclusion to which Dr. Morton and Mr. Conrad

came after their investigation of the fossils in 1834. The strata consist

chiufly of grecusand and green mad, with an overlying corallino limestone
of a pale yellow, color, and the fossils, on the whole, agree most nearly
with those of the upper European series, from the Maestrichit beds to the

gault inclusive. I collected sixty shells from the New Jersey deposits in
1841, five of which were identical with European species- Ostrea larva,
0. vesiciilarh', Urypliwa costata, Fecten quinquc-costatus, Beleinnites
mucronatus. As some of these have the greatest vertical range in Europe,
they might be expected more than any others to recur in distant parts of
the globe. Even where the species are different, the generic forms, such
as the ]3aculitc and certain sections of Ammonites, as also the Inocera
mits (see above, fig. 274) and other bivalves, have a decidedly cretaceous
aspect. Fifteen out of the sixty shells above alluded to were regarded
by Professor Forbes as good geographical representatives of well-known
cretaceous fossils of Europe. The correspondence, therefore, is not small,
when we reflect that the part of the United States where these strata
occur is between 3000 and 4000 miles distant from the chalk of Central
and Northern Europe, and that there is a difference of ten degrees in the
latitude of the place compared on opposite sides of the Atlantic.*

Fish of the genera Lainna, alcus, and Uarcli.aroclon are common to
Now Jersey and the European cretaceous rocks. So also is the genus
Mosasaurus among reptiles. The vertebra of a Plesiosaurus, a reptileknown in the English chalk-, had often been cited on the authority of
Dr. Harlan as occurring in the cretaceous marl, at Mullica Hill, in New
Jersey. But Dr. Leidy has since shown that the bone in question is not
saurian but cetaceous, and whether it can truly lay claim to the high
antiquity a.ssigud to it, is a point still open to discussion. The discoveryof another mammal of the seal tribe (Stcnorl!.ynciw.9 vetus, Leidy), from

* See a paper by the author, Quart,. Journ. Geol. Soc. vol. i. p. 19.
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a lowpr bed in the cretaceous series in New Jersey, appears to rest on

better evidence.*
From New Jersey the cretaceous formation extends southwards to North

Carolina and Georgia, cropping out at intervals from beneath the tertiary
strata, between the Appalachian Mountains and the Atlantic. They then

sweep round the southern extremity of that chain, in Alabama and Mis

sissippi, and stretch northwards again to Tennessee and Kentucky. They
have also been traced far up the valley of the Missouri, as far north as lat.

48°, or to Fort Mandan; so that already the area which they are ascer

tained to occupy in North America may perhaps equal their extent in

Europe, and exceeds that of any other fossiliferous formation in the United

States. So little do they resemble mineralogically the European white

chalk, that in North America, limestone is upon the whole an exception
to the rule; and even in Alabama, where I saw a calcareous member of

this group, composed of marl-stone, it was more like the English and

French Lias than any other European secondary deposit.
At the base of the system in Alabama, I found dense masses of shingle,

perfectly loose and unconsolidated, derived from the waste of paleozoic (or
carboniferous) rocks, a mass in no way distinguishable, exceptby its position,
from ordinary alluvium, but covered with mails abounding in Inocerami.

In Texas, according to F. Römer, the chalk assumes a new lithological

type, a large portion of it consisting of bard siliceous limestone, but the

organic remains leave no doubt in regard to its age, the l3aculites ancep
and ten other European species occurring there.

In South America the cretaceous strata have been discovered in Coluni

bin, as at Bogota, and elsewhere, containing Ammonites, flamites, Inoco

rami, and other characteristic shells.f
In the south of India, also, at Ponclicherry, Verdachellum, and Tim-

conopoly, Messrs. Kayo and Egerton have collected fossils belonging
to the cretaceous system. Taken in connection with those from the

United States, they prove, says Professor E. Forbes, that those powerful
causes which stamped a peculiar character on the forms of marine animal

* In the Principles of Geology, ninth ed. p. 145, I cited Dr. Leidy, of Philadel

phia, as having described (Proceedings of Acad. Nat. Sd. P1ilnd. 1851) two

species of cetacea of a now genus which lie called FriscoddpFiinus, from the

greensand of New Jersey. In 1853, I saw the two vertebrm at Philadelphia,
on which this new genus was founded, and afterwards, with the aid of Mr. Con
rad, traced one of them to a Miocene mnrl pit in Cumberland county, New Jersey.
The other (the Plesiosaurus of Harlan), labelled "Mullica Hill!' in the Museum,
would no doubt be an upper cretaceous fossil, if really derived from that

locality, but its mineral condition makes the point rather doubtful. The tooth
of &enorlq/nchu8 vctt; figured by Loidy from a drawing of Conrad's (Proceed.
of Acad. Nat. Sci. Pliilad. 1853, p. a'i'i), was found by Samuel R. Wetherbill,

Esq., in the greensand 1 miles southeast of Burlington. This gentleman re
lated to me and Mr. Conrad, in 1863, the circumstances under which lie met
with it, associated with Anunoni1C8 placenta, A niinon tt8 JJdau'arc 'isis, Wgonia
t.'ioracica, &c. The tooth has been misinid, but not until it had excited much
interest and had been carefully examined by good zoologists.

j Proceedings of the Geol. Sue. vol. iv. p. itIl.
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life at this peri.od, exerted their full intensity through the Indian, Euro

pean, and American seas.* flare, as in North and South America, the

cretaceous character can be recognized even where there is no specific

identity in the fossils; and the same may be said of the organic type of

those rocks in Europe and India which occur next to the chalk in the

ascending and descending order, namely, the Eocene and the Oolitic.

CHAPTER _XrVHL

LOWER CRETACEOUS AND WEALDEN FORMATIONS.

Lower G reensand-Term "Ncocomian"-Atherficld section, Isle of Wight-
Fossils of Lower Greensand-Wciildcn Formation-Freshwater strata
interca-latedbetween two marine groups-Weald Clay and Hastings Sand-Fossil
shells, fish, and plants of Wealden-Their relation to the Cretaceous type
Geographical extent of Wealden-Movernents in the earth's crust to which the
Wcaldcn owed its origin and ubmcrgence-Flora of the Lower Cretaceous and
Wcalden Periods.

THE term "Lower Greensand" has hitherto been most commonly ap

plied to such portions of the Cretaceous series as are older than the Gault.
But the name has often been complained of as inconvenient, and not with
out reason, since green particles are wanting in a large part of the strata
so designated, even in England, and wholly so in some European. coun
tries. Moreover, a subdivision of the Upper Cretaceous group has like
wise been called Greensand, and to prevent confusion the terms tipper
and Lower Greensanci were introduced. Such a nomenclature naturally
leads the uninitiated to suppose that the two formations so named are of
somewhat co-ordinate value, which is so far from being true, that the
Lower Greensand, in its widest acceptation, embraces a series nearly as

important as the whole Upper Cretaceous group, from the Gault to the
Maestricht beds inclusive; while the Upper Greensand is but one sub
ordinate member of this same group. Many eminent geologists have,
therefore, proposed the term "Neocomian" as a substitute for Lower
Greensand; because, near Neufehate], (Neocomum), in Switzerland, these
Lower Greensand strata are well developed, entering largely, into the
structure of the Jura mountains. By the same geologists the Wealden
beds are usually classed as "Lower Ncoconiian," a classification which
will not appear inappropriate when we have explained, in the sequel, the
intimate relation of the Lower Greensand and Veulden fossils.

Dr. Fitton, to whom we are indebted for an excellent monograph on
the Lower retaceous (or Greensand) formation as developed in England,
gives the following as the succession of rocks seen in parts of Kent.

Sec Forbes, Quart. Geol. Jouri. vol. 1. 19.
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No. I. Sand, white, yellowish, or ferruginoue, with concretions
of limestone and chert - - - -10 feet.

2. Sand with green matter - - - - 110 to 100 feet.
S. Calcareous stone, called Kentish rag - - 60 to 80 feet.

In his detailed description of the fine section displayed at Atherfielci,
in the south of the Isle of Wight, we find the limestone wholljr wanting;
in fact, the variations in the mineral composition of this group, even in

contiguous districts, is very, great; and on comparing the Atherfield beds
with corresponding strata at Rythe in Kent, distant 95 miles, the whole
series presents a most dissimilar aspect.*
On the other hand, Professor E. Forbes has shown that when the

sixty-three strata at Atherfield are severally examined, the total thick
ness of which he gives as 843 feet, there are some fossils which range
through the whole series, others which are peculiar to particular di
visions. As a proof that all belong chronologically to one system,
he states that whenever similar conditions are repeated in. overlying
strata the same species reappear. Changes of depth, or of the mineral
nature of the sea-bottom, the presence or absence of lime or of peroxide
of iron, the occurrence of a muddy, or a sandy, or a gravelly bottom,
are marked by the banishment of certain species and the predominance
of others. But these differences of conditions being mineral, chemical,
and local in their nature, have nothing to do with the extinction,

throughout a large area, of certain animals or plants. The rule laid
dovn by this eminent naturalist for enabling us to test the arrival of a
new state of things in the animate world, is the representation by new
and different species of corresponding genera of mollusca or other beings.
When the forms proper to loose sand or soft clay, or a stony or cal
careous bottom, or a moderate or a great depth of water, recur with
all the same species, the interval of time has been, geologically speak
ing, small, however dense the mass of matter accumulated. But if,
the genera remaining the same, the species are changed, we have en
tered upon a new period; and no similarity of climate, or of geo
graphical. and " local conditions, can then recall the old species which a

long series of destructive causes in the animate and inanimate world has

gradually annihilated. On passing from the Lower Greensand to the
Gault, we suddenly reach one of these new epochs, scarcely any of the
fossil species being common to the lower and upper cretaceous sys
tems, a break in the chain implying no doubt many missing links in
the series of geological monuments, which we may some day be able to
supply.
One of the largest and most abundant shells in the lowest strata of the

Lower Greensand, as displayed in the Athcrfield section, is the large
Perna Afulleli, of which a reduced figure is hero given (fig. 290).

* Dr. Fitton, Quart. Geol. Journ., vol. i. p. 1119, ii. p. 65, and iii. p. 289, where
comparative sections and a valuable table showing the vertical range of the va
rious fossils of the lower greensand at Atherfiuld are given.

17
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FIg. 296.

II




Ferna 1fu7leti. Desh. In Leym.
a. Exterior. b. Part of hkgo ofupper valve.

In the south of England, during the accumulation of the Lower Green

sand above described, the bed of the sea appears to have been continually

sinking, from The commencement of the period, when the freshwater

Wealden beds were submerged, to the deposition of those strata on which

the gauft immediately reposes.
Pebbles of quartzose sandstone, jasper, and flinty slate, together with

grains of chlorite and mica, speak plainly of the nature of the pre-existing
rocks, from the wearing down of which the Greensand. beds were derived.

The land, consisting of such rocks, was doubtless submerged, before the

origin of the white chalk, a deposit which originated in a more open sea,

and in clearer waters.
The fossils of the Lower Cretaceous are for the most part specifically

distinct from those of the Upper Cretaceous strata.

Among the former we often meet with the genus Scaphites (fig. 291)

Fig. 29T. FIg. 293.

8aph1(ea giga., Bow. I3yn. AncyZocera g1ga8, D'Orb.




.N'autIl,ui pUcatus, 80w., in
FltLon'8 Monog.
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or Ancyloceras, which has been aptly described as an ammonite more or

less uncoiled; also a furrowed Nautilus, N. plicatus (fig. 298), Trigonia
caudata, likewise found in the Blackdown beds (see above, p. 251), and

Qervillia, a bivalve genus allied to Avicula.

Fig. 299.




Fig. $00.




Fig. 801.

775 Pl~:~:
=-2=-2-

Mgonfa cau&zta Aguaa. QervilUa ancep; Deth. Terebratula selta, Sow.

WEALDEN FORMATION.

Beneath the Lower Greensand in the S. E. of England, a freshwater
formation is found, called the Wealden (see Nos. 5 and 6, Map, fig. 320,

p. 271), which, although it occupies a small horizontal area in Europe,
as compared to the White Chalk and Grcensand, is nevertheless of great
geological interest, since the imbedded remains give us some insight into
the nature of the terrestrial fauna and flora of the Lower Cretaceous epoch.
The name of Wealden was given to this group because it was first studied
in parts of Kent, Surrey, and Sussex, called the Weald (see Map, p. 271);
and we are indebted to Dr. Mantell for having shown, in 1822, in his

Geology of Sussex, that the whole group was of fluviatile origin. In

proof of this he called attention to the entire absence of .Ammonites, Be
lemnites, Terebratule, Echinites, Corals, and other marine fossils, so char
acteristic of the cretaceous rocks above, and of the Oolitic strata below,
and to the presence in the Weald of Paludine, Melanie, and various flu
viatile shells, as well as the bones of terrestrial reptiles and the trunks and
leaves of land plants.
The evidence of so unexpected a fact as the infra-position of a dense

mass of purely freshwater origin to a deep-sea deposit (a phenomenon
with which we have since become familiar) was received, atflrst, with no
small doubt and incredulity. But the relative position of the beds is un

equivocal; thó Weald Clay being distinctly seen to pass beneath the Lower
Greensand in various parts of Surrey, Kent) and Sussex, and to reappear
in the Isle of Wight at the base of the Cretaceous Series, being, no doubt,
continuous far beneath the surface, as indicated by the dotted lines in the
annexed diagram, fig. 302.




Fig. 802.
No of Wight. flflflL. Sussex.

.S'e,r - %LWTh I d

a. Chalk. b. Oreensand. o. Wend Clay. d. I1nstIn Sand. e. Puzbock bod&
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The Wealden is divisible into two minor groups:




ThIckness.

1st.. Weald Clay, chiefly argillaceous, but sometimes including
thin beds of sand and shelly limestone with Faludina 140 to 280 ft.

2d. Hastings Sand, chiefly arenaceous, but in which occur some

clays and calcareous grits* - - - 400 to 1000 ft..

Another freshwater formation, called the Purbeck, consisting of variou2

limestones and marls, containing distinct species of mollusks, Cyprides,

and other fossils, lies immediately beneath the Wealden in the southeast

of England. As it is now found to be more nearly related, by its organic
remains, to the Oolitic than to the Cretaceous series, it will be treated of

in the 20th chapter.




Weald Clay.

The upper division, or Weald Clay, is of purely freshwater origin. Its

highest beds are not only conformable, as Dr. Fitton observes, to the
inferior strata of the Lower Greensanci, but of similar mineral composition.
To explain this, we may suppose, that, as the delta of a great river was

tranquilly subsiding, so as to allow the sea to encroach upon the space
previously occupied by fresh water, the river still continued to carry down
the same sediment into the sea. In confirmation of this view it may be
stated, that the remains of the .Tguanodom .3fantelli, a gigantic terrestrial

reptile, very characteristic of the Wealden, has been discovered near
Maidstone, in the overlying Kentish rag, or Marine limestone of the
Lower Greensand. Hence we may infer, that some of the saurians which
inhabited the country of the great river continued to live when part of
the country had become submerged beneath the sea. Thus, in our own
times, we may suppose the bones of large alligators to be frequently en
tombed in recent freshwater strata in the delta of the Ganges. But if
part of that delta should sink down so as to be covered by the sea, marine
formations might begin to accumulate in the same space where freshwater
beds had previously been formed; and yet the Ganges might still pour
down its turbid waters in the same direction, and carry seaward the car
cases of the same species of alligator, in which case their bones might be
included in marine as well as in subjacent freshwater strata.
The Iguanodon, first. discovered by Dr. Mantel], has left more of its

remains in the Wealden strata of the southeastern counties and Isle of
Wight than has any other genus of associated saurians. It was an her
bivorous reptile, and regarded by Cuvier as more extraordinary than anywith which he was acquainted; for the teeth, though bearing a great
analogy, in their general form and crenated edges (see figs. 303, a,
303, b), to the modern Iguanas which now frequent the tropical woodsof America and the West Indies, exhibit many striking and importantdifferences. It appears that they have often been worn by the process of
mastication; whereas the existing herbivorous reptiles clip and gnaw off

* Dr. Fitton, Geol. Trans. Second Series, vol. iv. p. 820.
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the vegetable productions on which they feed, but do not chew them.

Their teeth frequently present an appearance of having been chipped oft

but never, like the fossil teeth of the Iguanodon, have a flat ground sur

face (see fig. 304, b), resembling the grinders of herbivorous znamma'lia.

FIg.803. FIg.804.

Ct




T

b

Fig. 803. a, 1,. Tooth of Iuanodo;i ManU1.
Fig 804. a. Partially worn tooth of young Individual of (ho same.

b. Crown of tooth in adult,-worn down. (Mantell.)

Dr. Mantell computes that the teeth and bones of this species which

passed under his examination during twenty years must have belonged to

no less than seventy-one distinct individuals, varying in age and magni
tude from the reptile just burst from the egg, to one of which the femur

measured 24 inches in circumference. Yet, notwithstanding that the

teeth were more numerous than any other bones, it is remarkable that it

was not until the relics of all these individuals had been found, that a

solitary example of part of a jaw-bone was obtained. More recently
remains both of the upper and lower jaw have been met with in the

Hastings Beds in Tilgate Forest. Their size was somewhat greater than

had been anticipated, and Dr. Mantell, who does not agree with Professor

Owen that the tail was short, estimates the probable length of some of

these saurians at between 50 and 00 feet. The largest femur yet found

measures 4 feet 8 inches in length, the circumference of the shaft being
25 inches, and, if measured round the condyles, 42 inches.

Occasionally bands of limestone, called Sussex Marble, occur in the

Weald Clay, almost entirely composed of a species of Faludina, closely

resembling the common P. vivpara of English rivers.
Shells of the Uypris, a genus of Crustaceans before mentioned (p. 31)

as abounding in Likes and ponds, are also plentifully scattered through the

clays of the Wealden, sometimes producing, like plates of mica, a thin
lamination (see fig. 307). Similar cypris-bearing in:trls are found in the
lacustrine tertiary beds of Auvergne (see above, p. 199).
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Fig. 805. Fig. 806.

Cypris CypriR Valdensis, Fitton.
RpinIqer(z, (Cfaba, Mm. Con. 4S5.)

Fftton.




Fig. SOT.

Hastings Sands.




Would clay with Cypridos.

This lower division of the Wealden consists of sand, calciferous grit,

clay, and shale; the argillaceous strata, notwithstanding the name, being

nearly in the same proportion as the arenaccous. The calcareous sand

stone and grit of Tilgate Forest, near Cuckfield, in which the remains ot

the Iguanodon and Hykeosaurus were first fcuud, constitute an upper
member of this formation. The white "sand-rock" of the Hastings cliffs,

about 100 feet thick, is one of the lower members of the same. The rep
tiles, which are very abundant in this division, consist partly of saurians,

already referred by Owen and Mantel to eight genera, among which,

besides those already enumerated, we find the Megalosaurus and Plesio
saurus. The Pterodactyl also, a flying reptile, is met with in the same
strata, and many remains of Chelonians of the genera Trionyx and Emys,
now confined to tropical regions.
The fishes of the Wealden are chiefly referable to the Ganoid and

Placoid orders. Among them the teeth and scales of Lepidotus are most

widely diffused (see fig. 308). These ganoids were allied to the Lepidos-

Fig. 808.




II.

Lepidotu8 JifuntclZl1 Agaa.. Wealden.
a. Palate and teeth. b. Side view of teeth. o. Scale.

(Cu; or Gar-pike, of the American rivers. The whole body was covered
with large rhomboidal scales, very thick, and having the exposed part
coated with enamel. Most of the species of this genus are supposed to
have been either river-fish, or inhabitants of the sea at the mouth of
estuaries.
The shells of the Hastings beds belong to the genera Mlanopsis, Mc-lania, Paludina, Uy.ena, Uycias, Unio (see fig. 309), and others, which

inhabit rivers or lakes; but one band has been"*




at Punfield, in Dor
setshire, indicating a brackish state of the water, where the genera C'orbula
(Bee fig. 310), Mytilu; and OsIi'ea occur; and in some places this bed
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Pig. 309.

(Tnio Vaiden*tç Mant.
Isle of Wight and DorseLsIiIro; in the lower beds

of the Hastings Sands.

becomes purely marine, the species being for the most part peculi&r, but
several of them well-known Lower Greensaud fossils, among which Am
monites DesiLayesil may be mentioned. These facts show how closely
related were the faunas of the Wealden and Cretaceous periods.
At different heights in the Hastings Sand, we find again and again

slabs of sandstone with a strong ripple-mark, and between these slabs beds
of clay many yards thick. In some places, as at Stammerham, near
Horsham, there are indications of this clay having been exposed so as to

dry and crack before the next layer was thrown down upon it. The open
cracks in the clay have served as moulds, of which casts have been taken
in relief, and which are therefore seen on the lower surface of the sand
stone (see fig. 311).




Fig. 811.

,1.




Fig. $10.

Corbulgg alafa, Fitton Magnified
In brackish-water beds of the lIost1ng

Sands, runnold Bar.
JHI-i

Underside otslsb ofsandstone about one yard lit diameter.
Stamiiierbaui, Sussex.

Near the same place a reddish sandstono occurs in which are innu-
merable traces of a fossil vegetable, apparently Sphenoptcris, the stems
and branches of which are disposed as if the plants were standing
erect on the spot where they originally grew, the sand having been
gently deposited upon and around them ; and similar appearances
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have been remarked in other places in this formation.* In the sam

division also of the Wealden, at Cuck-

field, is a bed of gravel or conglomer-
Fig. 812.

quartz and jasper, with rolled bones of
ate, consisting of water-worn pebbles of

/

reptiles. These must have been drifted

by a current, probably in water of no

From such facts we may infer that,
great depth. 'A iz

notwithstanding the great thickness of

this division of the Wealden, the whole 8n1renoptrL (/racili8 (Fitton), from tho
t.ftngs Sands near Tunbridge Wells.

of it was a deposit in water of a moder- a A portion of tho anmo magnified.
ate depth, and often extremely shallow.

This idea may seem startling at first, yet such would be t118 Latural con

sequence of a gradual and continuous sinking of the ground in an estuary

or bay, into which a great river discharged its turbid waters. By each

foot of subsidence, the fundamental rock would be depressed one foot

farther from the surface; but the bay would not be deepened, if newly

deposited mud and sand should raise the bottom one foot. On the con

trary, such new strata of sand and mud might be frequently laid dry at

low water, or overgrown for a season by a vegetation proper to marshes.

Area of the Wcalden.-In. regard to the geographical extent of the

Wealden, it cannot be accurately laid down; because so much of it is

concealed beneath the newer marine formations. It has been traced

about 200 English miles from west to cast., from the coast of Dorsetshire

to near Boulogne, in France; and nearly 200 miles from northwest to
southeast, from Surrey and Hampshire to Beauvais, in France. If the
formation be continuous throughout this space, which is very doubtful,
it does not follow that the whole was contemporaneous; because, in
alL likelihood, the physical geography of the region underwent frequent
changes throughout the whole period, and the estuary may have altered
its form, and even shifted its place. Dr. Dunker, of Cassel, and H.
Von Meyer, in an excellent monograph on the Wealdens of Hanover
and Westphalia, have shown that they correspond so closely, not only.
in their fossils, but also in their mineral characters, with the English
series, that we can scarcely hesitate to refer the whole to one great
delta. Even then, the magnitude of the deposit may not exceed that of

many modern rivers. Thus, the delta of the Quorra or Niger, in Africa,
stretches into the interior for more than 110 miles, and occupies, it is

supposed, a space of more than 300 miles along the coast, thus forming a
surface of more than 25,000 square miles, or equal to about one half of

England.j Besides, we know not, in such cases, how far the fluviatilc
S"ediment and organic remains of the river and the land may be carried
out from the coast, and spread over the bed of the sea. I have shown,
when treating of the Mississippi, that a more ancient delta, including

Mautell, Geol. of S. E. of England, p. 244.
Fitton, Cool, of Hastings, . 58; who cites Lander'8 Travels.
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speoies of shells, such as now inhabit Louisiana, has been upraised, and

made to occupy a wide geographical area, while a newer delta s form

ing;* .and the possibility of such movements, and their effects, must not

be lost sight of when we speculate on the origin of the Wealden.
If it be asked where the continent was placed from the ruins of which

the Wealden strata were derived, and by the drainage of which a great
river was fed, we are half tempted to speculate on the former existence of

the Atlantis of Plato. The story of the submergence of an ancient conti

nent, however fabulous in history, must have been true again and again
as a geological event.

The real difficulty consists in the persistence of a large hydrographical
basin, from whence a great body of fresh water was poured into the sea,

precisely at a period when the neighboring area of the Wealden was

gradually going downwards 1000 feet or more perpendicularly. If the

adjoining land participated in the movement, how could it escape being
submerged, or how could it retain its size and altitude so as to continue
to be the source of such an inexhaustible supply of freshwater and sedi
ment? In answer to this question, we are fairly entitled to suggest that the

neighboring land may have been stationary, or may even have undergone
a contemporaneous slow upheaval. There may have been an ascending
movement in one region, and a descending one in a contiguous parallel
zone of country; just as the northern part of Scandinavia is now rising,
while the middle portion (that south of Stockholm) is unmoved, and the
southern extremity in Scania is sinking, or at least has sunk within the
historical period.t We must, nevertheless, conclude, if we adopt the
above hypothesis, that the depression of the land became general through
out a large part of Europe at the close of the Wealden period, and this
subsidence brought in the cretaceous ocean.

FLORA OF TM LOWER CRETACEOUS AND WEALDEN PERIOD.

The terrestrial plants of the Upper Cretaceous epoch are but little
known, as might be expected, since the rocks are of purely marine origin,
formed for the most part far from land. But the Lower Cretaceous or
Neocomian vegetation, including that of the Weald Clay and Hastings
Sands, is by no means scanty. M. Adoipho Brongniart, when dividing
the whole fossiliferous series into three groups in reference solely to fossil
plants, has named the primary strata "the age of acrogens;" the second

ary, exclusive of the cretaceous, "the age of gymnogcns ;" and the third,

comprising the cretaceous and tertiary, "the age of angiosperms." He
considers the lower cretaceous flora as displaying a transitional character
from that of a secondary to that of a tertiary vegetation, Conifer and
Gycadew (or Gymnnogens) still flourished, as in the preceding oolitic and

See above, p. 84; and Second Visit to the U. S. Vol. ii. Chap. xxxiv.
f Sec the Author's Annjvcrs. Address, Geol. Soc. 1850, Quart. Geol. Journ. Vol.

%L p. 52.
In this and subsequent. reinnrks on fosiI phitts I tIi:tII oflcii use Dr. LiniL

Icy's tcrius, as most, familiar in this ctiuiitrv No. t Ini '.1 'I. .\. I rtl''!.tIiarL 'ire
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triassic epochs; but together with these, some well-marked leaves of

dicotyledonOUS trees, of a genus named credneria, have long been known.

They are met with in the "quader-sandsteiu" and "pliluer-kalk" of Ger

many, rocks of the Upper Cretaceous group. More recently, Dr. Deby

has discovered in the Lower Cretaceous beds of Aix-la-Chapelle a great

variety of dICOtylCdOUOUS leaves,* belonging to no less, according to his

enumeration, than 20 species, some of the leaves being from four to six

inches in length, and in a beautiful state of preservation. In the absence

of the organs of fructification and of fossil fruits, the number of species

may be exaggerated; but we may certainly affirm, reasoning from our

present data, that when the lower chalk of Aix-la-Chapelle originated.

Dicotylcdonous Angiosperms flourished in that region in equal proportions

with Gymnosperms. This discovery has an important bearing on some

popular theories, for until lately none of these Exogens (a class now con

stituting three-fourths of the living plants of the globe) had been detected

in any strata older than the Eocene. Moreover, some geologists have

wished to connect the rarity of dicotyleclonous trees with a peculiarity in

the state of the atmosphere in the earlier ages of the planet, imagining
that a denser air and noxious gases, especially carbonic acid gas being in

excess, were adverse to the prevalence, not only of the quick-breathing
classes of animals (maminalia and birds), but to a flora like that now ex

isting, while it favored the predominance of reptile life, and a cryptogamie
and gymnospermous flora. The coexistence, therefore, of Dicotyledonous
Augiosperms in abundance with Cycads and Conifër, and. with a rich

reptilian fauna, comprising the Iguanodon, Megalosaurus, Hykeosaurus,
Ichthyosaurus, Plesiosaurus, and Pterodactyl, in the Lower Cretaceous

se-ries,tends manifestly to dispel the idea of a meteorological state of things
in the secondary peripds so widely distinct from that now prevailing.
Among the recent additions made to the fossil flora of the Wealden,

and one which supplies a new link between it and the tertiary flora, I

may mention the Gyrojonites, or spore-vessels of the Ulzara, lately found
in the Hastings series of the Isle of Wight.

much cited, it may be useful to geologists to give a table explaining the corre
sponding names of groups so much spoken of in palLeoutology.

Brongulart.
. 1 i. Cryptogamous am.)

phigens, or cellular
cryptogamic.

l 2. Cryptogamous nero-
gens.

1
Dicotylodonous gym-.
flosperms.A -

Liruiloy.

Thallogens. Lichens, sea-weeds, fungi.

.Acrogens. Mosses, equisetums, ferns, lyco
podiums,-Lcpidodendron.

Gyninogens.Conifers and Cycads.
' .uicot. .Angiosperms. Exogeus. Cornnosftce, leguminosw, umbol

lit'erLfl, cruciferLc, heatlis, &CI..




All native European trees ex,

I
cept conifers.6. Monocotyledons. Endogens. Pnlnis, lilies,aloes,ruho; grasses,
&c.* Geol. Quart. Jour. vol. vii. part 2, MisceB. P. 111.
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OHAFI'ER XIX

DENUDATION OF THE CHALE AND WEALDEN.

Physical geography of certarn districts composed of Cretaceous and Wcaldau
strata-Lines of inland chalk-cliffs on the Seine in Normandy-Outstanding
nrnars and needles of chalk-Denudation of the chalk and Wealden in Surrey.
Kent, and Sussex-Chalk once continuous from the North to the South Downs
-AnticUnal axis and parallel ridges-Longitudinal and transverse valleys
Chalk escarpments-Rise and denudation of the strata gradual-Ridges formed

by harder, valleys by softer beds-At what periods the Weald valley was de

nuded-Why no alluvium, or wreck of the chalk, in the central district of the
Weald-Land has most prevailed where denudation has been greatest-Ele
phant bed, Brighton-Saugatte Cliff-Conclusion.

ALL the fossiliferous formations may be studied by the geologist in two

distinct points of view; first, in reference to their position in the series,

their mineral character and fossils; and, secondly, in regard to their

physical geography, or the manner in which they now enter, as mineral

masses, into the external structure of the earth; forming the bed of lakes

and seas, or the surface or foundation of bills and valleys, plains and

table-lands. Some account has already been given on the first head of

the Tertiary, the Cretaceous, and the Wealden strata; and we may now

proceed to consider certain features in the physical geography of these

groups as they occur in parts of England and France.

The hills composed of white chalk in the S. E. of England have a

smooth rounded outline, and being usually in the state of sheep pastures,
are free from trees or hedgerows; so that we have an opportunity of ob

serving how the valleys by which they are drained ramify in all directions,

and become wider and deeper as they descend. Although these valleys
are now for the most part dry, except during heavy rains and the melting
of snow, they may have been duo to aqueous denudation, as explained in

the sixth chapter; having been excavated when the chalk emerged gradu

ally from the sea. This opinion is confirmed by the occasional occurrence

of what appeared to be long. lines of inland cliffs, in which the strata are

cut off abruptly in steep and often vertical precipices. The true nature of

such escarpments is nowhere more obvious than in parts of Normandy,
where the river Seine and its tributaries flow through deep winding val

leys, hollowed out of chalk horizontally stratified. Thus, for example,
if we follow the Seine for a distance of about 30 miles from Andelys to

Elbceuf, we find the valley flanked on both sides by a steep slope of
chalk, with numerous beds of flint., the formation being laid open for a
thickness of about 250 and 300 feet. Above the chalk is an overlying
mass of sand, gravel, and clay, from 30 to 100 feet thick. The two

opposite slopes of the bilk a and 6 (fig. 313), where the challc appears at
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Fig. 813.

2

Section across Valley of Seine.

the surface, are from 2 to 4 miles apart, and they are often perfectly
smooth and even, like the steepest of our downs in England; but at

many points they are broken by one, two, or more ranges of vertical

and even overhanging cliffs of bare white chalk with. flints. At some

points detached needles and pinnacles stand in the line of the cliffs, or

in front of them, as at c, fig. 313. On the right bank of the Seine, at

Andelys, one range, about 2 miles long, is seen varying from 50 to 100
feet in perpendicular height, and having its continuity broken bya num
ber of dry valleys or coombs, in one of which occurs a detached rock or
needle, called the Tête d'Homme (see figs. 314, 315). The top of this
rock presents a precipitous face towards every point of the compass; its
vertical height being more than 20 feet on the side of the downs, and 40
towards the Seine, the average diameter of the pillar being 36 feet. Its

composition is the same as that of the larger cliffs in its neighborhood,
namely, white chalk, having occasionally a crystalline texture like mar
ble, with layers of flint in nodules and tabular masses. The flinty beds
oftei project in relief 4 or 5 feet beyond the white chalk, which is gen-

Fig. 814.

orally in a state of slow decomposition, either exfoliating or being cov
ered with white powder, like the chalk cliffs on the- English coast; and,
as in them, this superficial powder contains in some cases common salt.

Other cliffs are situated on the right bank of the Seine, oppositeTournedos, between Andelys and Pont do l'Arche, where the precipicesare from 50 to 80 feet high: several of their summits terminate 111

View of the TUG tt'llommc, AiuIelya ocn from above.
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Fig. 815.

nacles; and one of them, in particular, is so completely detached as to

present a perpendicular face 50 feet high towards the sloping down. On

these cliffs several ledges are seen, which mark so many levels at which

the waves of the sea may be supposed to have encroached for a long

period. At a still greater height, immediately above the top of this

range, are three much smaller cliffs, each about 4 feet high, with as

many intervening terraces, which are continued so as to sweep in a semi

iirculax forn round an adjoining coomb, like those in Sicily before de

scribed (p. '16).
If we then descend the river from Vatteville to a place called Senne

vile, we meet with a singular needle about 50 feet high, perfectly iso
lated on the escarpment of chalk on the right bank of the Seine (see fig.
248). Another conspicuous range of inland cliff is situated about 12

Fig. 816. Fig. 817.

miles below on the left bank of the Seine, beginning at Elbceuf, and

comprehending the Roches d'Orival (see fig. 317). Like those before
described, it has an irregular surface, often overhanging, and with beds

Bide view of the T.Mo d'Romrne. White chalk with flints.

Roches dOrLval, EIbuuf.'haIk pinnacle at Bonneville.
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o1 flint projecting several feet. Like them, also, it exhibits a white

powdery surface, and consists entirely of horizontal chalk with flints.

It is 40 miles inland, its height, in some parts, exceeds 200 feet, and

its base is only a few feet above the level of the Seine. It is broken, in

one place, by a pyramidal mass or needle, 200 feet high, called the

belie (10 Pignon, which stands out about 25 feet in front of the upper

portion of the main cliffs, with which it is united by a narrow ridge

about 40 feet lower than its summit (see fig. 318). Like the detached

Fig. &12.

rocks betjrc mentioned at Senneville, Vatteville, and Andelys, it may be

compared to those needles of chalk which occur on the coast of Nor
mandy* (see fig. 319), as well as in the Isle of Wight and in Purbeck.

Fig. 819.

= -

zzé&;:

Needle and Arch of Etretat, in the chalk cliffs of Normandy.Height of Arch 100 foot. (Passy.)t
The foregoing description and drawings will show, that the evidence

of certain escarpments of the chalk having been originally sea-cliffs, is
far more full and satisfactory in France than in England. If it be asked
why, in the interior of our own country, we meet with no ranges of
precipices equally vertical and overhanging, and no isolated pillars 0?
needles, we may reply that the greater hardness of the chalk n Nor
mandy may, no doubt, be the chief cause of this difference. But the
* An account of these cliffs was read by the. author to the British Assoo. at

Glasgow, Sept. 1840.
Seine.Infrjeuro, P. 142, and pl. 0, fig. 1.

View of the flocho do Pignon, seen from the south.
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frequent absence of all signs of littoral denudation in the valley of the
Seine itself is a negative fact of a far more striking and perplexing char
acter. The clift, after being almost continuous for miles, are then wholly
wanting for much greater distances, being replaced by a green sloping
down, although the beds remain of the same composition, and are equally
horizontal; and although we may feel assured that the manner of the

upheaval of the land, whether intermittent or not, must have been the
same at those intermediate points where no cliffs exist, as at others where

they are so fully developed. But, in order to explain such apparent
anomalies, the reader must refer again to the theory of denudation, as

expounded in the 6th chapter; where it was shown, first) that the under

mining force of the wares and marine currents varies greatly at cliffeint

parts of every coast.; secondly, that precipitous rocks have often decom

posed and crumbled down; and thirdly, that terraces and small cliffs

may occasionally lie concealed beneath a talus of detrital matter.
Denudation of the Weald Valley.-No district is better fitted to illus

trate the manner in which a great series of strata may have been up
heaved and gradually denuded than the country intervening between the
North and South Downs. This region, of which a ground-plan is given
in the accompanying map (fig. 320), comprises within it the whole of
Sussex, and parts of the counties of Kent, Surrey, and Hampshire. The

space in which the formations older than the White Chalk, or those
from the Gault to the Hastings sands inclusive, crop out, is bounded

everywhere by great escarpment of chalk, which is continued on the

opposite side of the channel in the Bas Boulonnais in France, where it
forms the semicircular.boundary of a tract in which older strata also ap
pear at the surface. The whale of this district. may therefore be consid
ered geologically as one and the same.

P1 320.

1. " Tertiary. 6. IJ Weald clay.2. Chalk and upper greenMuil. 6. JEnMings sand.8. Gault. 7. Purbcek beds.
4. Lower Orcen5and. 8. Oulitu.

Geological map of tho southeast of England and part of France, exhibiting (Ito denudation
or thu Weahl.







Fig. 821.

Section from the London to the Hampshire basin across the valley of the Weald.

1. Tertiary strain. 2. Chalk and firestone. 3. Gault. 4. Lower greensand. 5. Weald clay. 6. Hastings sands.

flighest point of South Downs, S53 feet.




FIg. $22.
Anticlinal axis of the Weald.
Crowborough Hill, 804 feet.

0




Highest point of North Downs, 690 feet*

AD




so
.MiIes

Section of the country from the confines of the basin of London to that of Hants, with the principal heights above the level of the sea on a true scale.

* Botley Hill, near Godatone, in Surrey, was found by trigonometrical measurement to be 880 feet above the level of the sea; and
Wrotbam Hill, Dear Maidstone, which appears to be next in height to the North Downs, '195 feet.
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is supposed, that the area now occupied by the Hastings sand (No. 0)
was once covered by the Weald clay (No. 5), and this again by the
Greensand (No. 4), and this by the Gault (No. 3); and, lastly, tbt the
Chalk (No. 2) extended originally over the whole space between the
North and the South Downs. This theory will be better understood by

consulting the annexed diagram (fig. 321), where the dark lines represent
what now remains, and the fainter ones those portions of rock which are
believed to have been carried away.
At each end of the diagram the tertiary strata (No. 1) are exhibited

reposing* on the chalk. In the middle are seen the Hastings sands (No. 6.)
forming an anticlinal axis, on each side of which the other formations
are arranged with an opposite dip. It has been necessary, however, in
order to give a clear view of the different formations, to exaggerate the

proportional height of each in comparison to its horizontal extent: and a
true scale is therefore subjoined in another diagram (fig. 322), in order
to correct the erroneous impression which might otherwise be made on
the reader's mind In this section the distance between the North and
South Downs is represented to exceed forty miles; for the Valley of the
Weald is here intersected in its longest diameter, in the direction of a
line between Lewes and Maidstone.

Through the central portion, then, of the district supposed to be de
nuded runs a great antidilnal line, having a direction nearly east and
west, on both sides of which the beds 5, 4, 3, and 2, crop out in succession.
But, although, for the sake of rendering the physical structure of this

region more'intelligiblo, the central line of elevation has alone been in
troduced,-as in the diagrams of Smith, Mantel], Conybeare, and others,

geologists have always been well aware that numerous minor lines of
dislocation and flexure run parallel to the great central axis.

In the central area of the Hastings sand the strata have undergone the

greatest displacement; one fault being known, where the vertical shift of
a bed of calcareous grit is no less than 00 fathoms.* Much of the pic
turesque scenery of this district arises from the depth of the narrow valleys
and ridges to which the sharp bends and fractures of the strata have

given rise; but it is also in part to be attributed to the excavating poll
exerted by water, especially on the interstratifled argillaceous beds.

Besides the series of longitudinal r:tlleys and ridges in the Weald,
there are valleys which run in a transverse direction, passing through the
chalk to the basin of the Thames oil the one side, and to the English
Channel on the other. In this manner the chain of the North Downs is
broken by the rivers Wey, Mole, Darent, Medway, and Stour; the South
Downs by the Arun, Adur, Ouse, and Cuckmere.f If these transverse
hollows could be filled up, all the rivers, observes Dr. Conybeare, would
be forced to take an easterly course, and to empty themselves into the
sea by Romney Marsh and Pcvense.y Levels.

" Fitton, Geol. of iliistings, p. . f Cunybeare, Outliucs of Geol. p. 81.
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Mr. Martin has suggested that the great cross fractures of the chalk,

which have become river channels, have a remarkable correspondence

on each side of the valley of the Weald; in several instances the gorges

in the North and South Downs appearing to be directly opposed to each

other. Thus, for example, the defiles of the Wey in the North Downs,

'uid of the Arun in the South, seemed to coincide in direction; and in
like manner, the Ouse corre

sponds to the Darent, and the
Cuckmero to the Medway.*

':
fl )?c c..
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Although these coincidences
I '

I may, perhaps, be accidental, it
i I I is by no means improbable, as

hinted by the author above

I g I mentioned, that great amount
of elevation towards the centre
of the Weald district gave use

41 '
4

to transverse fissures And as
the longitudinal valleys were

. connected with that linear move

%1" I I .2 ment winch caused the anti-V.I " j I. cT
I chual lines running east and

J west, so the cross fissures mgh' i . have been occasioned by the
.10I I I intensity of the upheaving force

: .'. I
9 i towards the centre of the line

I ) But before treating of the
manner in which the upheavmg
movement may have acted, I

' 1/4, shall endeavor to make the
reader more intimately acquaint-

/ ,., .., ed with the leading geographi-

/
cal features of the district, so
far as they are of geological in-

terest.
In whatever direction we travel

from the tertiary strata of the
" basins of London and Eamp-U to

,a S




shire towards the valley of the
Weald, we first ascend a slopeto en

0- 4-




of white chalk, with flints, and
then find ourseivis on the sum
mit of a declivity consisting, for
the most part, of different Inelfl
bers of the chalk formation;
below which the upper green.

OcoL of Western Sussex, p. 01.
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sand, and sometimes, also, the gault, crop out. This steep declivity,
s the great escarpment of the chalk before mentioned, which overhangs
a valley excavated chiefly out of the argillaceous or many bed, termed
Gault (No. 3). The escarpment is continuous along the southern ter
mination of the North. Downs, and may be traced from the sea, at

Folkestone, westward to Guildford and the neighborhood of Petersfield,
and from thence to the termination of the South Downs at Beachy
Head. In this precipice or steep slope the strata are cut off abruptly,
and it is evident that they must originally have extended farther. In
the wood-cut (fig. 323; p. 24), part of the escarpment of the South
Downs is faithfully represented, where the denudation at the base of
the declivity has been somewhat more extensive than usual, in conse

quence of the upper and lower greensand being formed of very inco
herent materials, the former, indeed, being extremely thin and almost

wanting.
The geologist cannot fail to recognize in this view the exact likeness

of a sea-cliff; and if he turns and looks in an opposite direction, or
eastward, towards Beachy Head (see fig. 324), he will see the same line

Fig. 824.

of heights prolonged. Even those who are not accustomed to specu
late on the former changes which the surface has undergone may fancy
the broad and level plain to resemble the flat sands which were laid dry
by the receding tide, and the different projecting masses of chalk to be
the headlands of a coast which separated the different bays from each
other.

Occasionally in the North Downs sand-pipes are intersected in the
slope of the escarpment, and have been regarded by some geologists
as more modem than the slope; in which case they might afford an

argument against the theory of these slopes having originated as sea
cliffs or river-cliffs. But when we observe the great depth of many
sand-pipes, those near Sevenoaks, for example, we perceive that the
lower termination of such pipes must sometimes appear at the sur
face far from the summit of an escarpment, whenever portions of the
chalk are cut away.

In regard to the transverse valleys before mentioned, as intersecting
the chalk hills, some idea of them may be derived from the subjoined

Chalk escsrpmcnt as seen from the bill nove Steynlng, Snssex. The cnsto and villageof Bramber in the foreground.
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sketch (fig. 325) of the gorge of the River Adur, taken from the sum

mit of the chalk-downs, at a point in the bridle-way leading from the

towns of Bramber and Steyning to Shoreham. If the reader will refer

again to the view given in a former woodcut (fig. 323, . 274), he

will there see the exact point where the gorgo of which I am now

speaking interrupts the chalk escarpment. A projecting hill, at the

point a, bides the town of Steyning, near which the valley commences

where the Adur passes directly
to the sea at Old Shoreham. The

river flows through a nearly level

which intersect the hills of Surrey,k:
plain, as do most of the others

I Kent, and Sussex; and it is evi-

dent that these openings could

It.




/

not have been pràduced by rivers,

except under conditions of physi-I0

(L




IS,




cal geography entirely different

S from those now prevailing. In
deed, ma of the existing livers,
like the Ouse near Lewes, have
filled up arms of the sea, instead

/
of deepening the hollows which

. they traverse.
That the place of some, if not

of all, the gorges running north
and south, has been originally de.
termined by the fracture and dis

placement of the rocks, seems the
more probable, when we reflect on
the proofs obtained of a ravine

running east and west, which

\

branches off from the eastern side

undoubt

edly duo to dislocation. This ra-
vine

of the valley of the Ouse just
mentioned, and which is undoubt-

. vine is called "the Coomb" (fig.
,t 326), and is situated in the sub-

I.

17




urbs of the town of Lewes. It

\

ç
CD was first traced out by Dr. Man0

tell, in whose company I exam

(.

med it. The steep declivities on
each side are covered with green
turf, as is the bottom, which is

perfectly dry. No outward signs
of disturbance are visible; and
the connection of the hollow with
subterranean movements would
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not have been suspected by the geologist, had not the evidence of great
convulsions been clearly exposed in the escarpment of the valley of the'

FI &26.

.. .\.:t;:.
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Ouse, and the numerous chalk-pits worked at the termination of the
Coomb. By the aid of these -we discover that the ravine coincides pre
cisely with a line of fault., on one side of which the chalk with flints (a,
fig. 327) appears at the summit of the hill, while it is thrown down to
the bottom on the other.




Fig. 3

Fault coinciding with the Coomb, in thio Cliff-bill near Lowes. Mantell.
a. Chalk with flints. b. Lower chalk.

In order to account for the manner in which the five groups of strata,
2, 3, 4, 5, 0, represented in the map, fig. 320, and in the section, fig. 321,

may have been brought. into their present position, the following hypoth
esis has been suggested :-Suppose the five formations to lie in horizontal
stratification at the bottom of the sea; (lien let a movement fiomn below
press them upwards into the form of a flattened dome, and let the crown
of this dome be afterwards cut- off, so that the incision should penetrate to
the lowest of time five groups. The difl'eremmt beds would then be exposed
on the surface, in the manner exhibited in (lie map, fig. 320.*

See illustrations of this theory, by Dr. Fitton, Geol. Sketch of Hastings.

The Coomb, near Lewes.
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The quantity of denudation, or removal by water, of stratified masses

assumed o have once reached continuously from the North to the South

Downs is s enormous, that the reader may at first be startled by the

boldness of the hypothesis. But the difficulty will disappear when once

sufficient time is allowed for the gradual rising and sinking of the

strata at many successive geological periods, during which the waves

and currents of the ocean, and the power of rain, livers, and land-floods,

might slowly accomplish operations which no sudden diluvial rush of

waters could possibly effect.

Among other proofs of the action of water, it may be stated that the

great longitudinal valleys follow the outcrop of the softer and more

incoherent beds, while ridges or lines of cliff usually occur at those

points where the strata are composed of harder stone 'this, for ex

ample, the chalk with flints, together with the subjacent upper green
sand, which is often used for building, under the provincial name

of "firestone," have been cut into a steep cliff on that side on which
the sea encroached. This escarpment bounds a deep valley, exca
vated chiefly out of the soft argillaceous bed, termed gault (No. 3.

map, p. 272). In some places the upper greensaud is in a loose
and incoherent state, and there it has been as much denuded as
the gault; as, for example, near Beachy Head; but farther to the
westward it is of great thickness, and contains hard beds of blue
chert and calcareous sandstone or firestone. Here, accordingly, we
find that it produces a corresponding influence on the scenery of the

country; for it runs out like a step beyond the foot of the chalk
hills, and constitutes a lower terrace, varying in breadth from a quar
ter of a mile to three miles, and following the sinuosities of the chalk
escarpment.*




Fig. 828.

a Cbafl with flints. b. Chalk without flints.C. Upper greansand, or firestone. ci. OWL

It is impossible to desire a more satisfactory proof that the escaip-ment is due to the excavating power of water during the rise of the
strata, or during their rising and sinking at successive periods; for
I have shown, in my account nf the coast of Sicily (p. 76), in what
manner the encroachments of the sea tend to efface that BUCCCSSIODof terraces which must otherwise result from the intermittent upheaval of a coast preyed upon by the waves. During the inter-

* Sir R. Murchison, Goo]. Sketch of Sussex, &c, Gaol Trans., Second Series,vol. ii. p. 99.
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val between two elevatory movements, the lower terrace will usually
be destroyed, wherever it is composed of incoherent materials

'whereas the sea will not have time entirely to sweep away another

part of the same terrace, or lower platform, which happens to be

composed of rocks of a harder texture, and capable of offering a

firmer resistance to the erosive action of water. As the yielding

clay termed gault would be readily washed away, we find its out

crop marked everywhere by a valley which skirts the base of the

chalk-hills, and which is usually bounded on the opposite side by
the lower greensand; but as the upper beds of this last formation

are most commonly loose and incoherent, they also have usually

disappeared and increased the breadth of the valley. In those dis

tricts, however, where chert, limestone, and other solid materials en
ter largely into the composition of this formation (No. 4, map, p.

272), they give rise to a range of hills parallel to the chalk, which
sometime rival the escarpment of the chalk itself in height, or

even surpass if, as in Leith Hill, near Dorking. This ridge often

presents a steep escarpment towards the soft argillaceous deposit
called the Weald clay (No. 5; see the dark tint in figure 32]:

p. 272), which usually forms a broad valley, separating the lower

greonsand from the Hastings sands or Forest Ridge; but where sub

ordinate beds of sandstone of a firmer texture occur, the uniformity
of the plain of No. 5 is broken by waving irregularities and hil

locks.
Pluvial action.-In considering, however, the comparative de

structibility, of the harder and softer rocks, we must not underrate

the power of rain. The chalk-clowns, even on their summits, are

usually covered witl unrounded chalk-flints, such as might remain
after masses of white chalk had been softened and removed by water.

This superficial accumulation of the hard or siliceous materials of

disintegrated strata may be due in no small degree to pluvial action
for during extraordinary, rains a rush of water charged with calca
reous matter, of a milk-white color, may be seen to descend even

gently sloping hills of chalk. If a layer no thicker than the tenth
of an inch be removed once in a century, a considerable mass may
in the course of indefinite ages melt away, leaving nothing save a
stratum of flinty nodules to attest its former existence. A bed of fine

clay sometimes covers the surface of slight depressions in the white
chalk, which may represent the aluminous residue of the rock, after
the pure carbonate of lime has been dissolved by rain-water, charged
with excess of carbonic acid derived from decayed vegetable matter.
The acidulous waters sometimes descend through "sand-pipes" and
"swallow-holes" in the chalk, so that the surface may be undermined,
and cavities may be formed or enlarged, even by that part of the drain

age which is subterranean.*

* Seo above, p. 82, 83, "Sand-pipes in Chalk ;" and Prcstwich, Geol. Quarts
Journ. voL x. P. 222.
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Lines of Fracture.-Mr. Martin, in his work: Oil the geology of West

ern Sussex, published in 1828, threw much light on the structure of

the Wealden by tracing out continuously for miles the direction of

many antichinal lines and cross fractures; and the same course of investi

gation has since been followed out in greater detail by Mr. Hopkms.
The geologist and mathematician last mentioned has shown that the

observed direction of the lines of flexure and dislocation in the Weahi

district coincide with those which might have been anticipated theo

retically on mechanical principles, if we assume certain simple conditions

under which the strata were lifted U!) by an expansive subterrhncan

force.*
His opinion, that both the longitudinal and transverse lines of frac

ture may have been produced simultaneously, accords well with that

expressed by M. Thurinanu, in his work on the antichinal ridges and

valleys of elevation of the Bernese Jura.f For the accuracy of the map
uand sections of the Swiss geologist I can vouch, from personal exami
nation, in 1835, of part of the region surveyed by him. Among other
results, at which lie arrived, it appears that the breadth of the anticli
nat ridges and dome-shaped masses in the Jura is invariably great in

proportion to the number of the formations exposed to view; or, in
other words, to the depth to which the superimposed groups of sec
ondary strata have been laid open. (Sec fig. '71, p. 55, for structure
of Jura.) He also remarks, that the antichinal lines are occasionally
oblique and cross each other, in which case the greatest dislocation
of the beds takes place. Some of the cross fractures are imagined by
him to have been contemporaneous with others subsequent to the lon
gitudinal ones.

I have assumed, in the former part of this chapter, that the rise of
the Weald was gradual, whereas many geologists have attributed its
elevation to a single effort of subterranean violence, There appears
to them such a unity of effect in this and other lines of derangedstrata in the southeast of England, such as that of the Isle of Wight,as is inconsistent with the supposition of a great number of separate
movements recurring after long intervals of time. But we know that
earthquakes are repeated throughout a long series of ages in the
Same spots, like volcanic eruptions. The oldest lavas of iEtna were
joured out many thousands, perhaps myriads of years before the
newest, and yet they, and the movements accompanying their emis
sion, have produced a symmetrical mountain; and if rivers of mlted
matter thus continue to flow upwards in the same direction, and
towards the same point, for an indefinite lapse of ages, what.,
die-MIRYis there in conceiving that the subterranean volcanic force,
Occasioning the use or fall of certain parts of the earth's crust,may, by reiterated movements, produce the most perfect unity ofresult?

* Geol Soc. Proceed. No. 74, p. 363, 1841, and G. S. Trans. 2 Ser. vol. '1.f Souremn3 Jurassiques. 1832.
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At what periods the Weald valley was denuded.-We may next

inquire at what time the denudation of the Weald was effected, and
we shall find, on considering all the facts brought to light by recent

investigation, that it was accomplished in the course of so long a
series of ages, that the greatest revolutions in the physical geography
of the globe, yet known to us, have taken place within the same

lapse of time. It has now been ascertained, that part of the denu
dation of the Weald was completed before the Britith Eocene strata,
and consequently before the nunnnuhitic rocks of Europe and Asia were
formed. The date, therefore, of part of the changes now under contem

plation was long antecedent to the existence of the Alps, Pyrenees, and

many other European and Asiatic mountain-chains, and even to the
accumulation of large portions of their component. materials beneath
the sea.

M. Elie do Beaumont suggested, in 1833, that there was an island
in the Eocene sea in the area now occupied by the French and

English Wealden strata, and he gave a map or hypothetical restora
tion of the ancient geography of that region at the era alluded to.*
Mr. Prestwicli has since shown that the materials of which the lower

tertiary beds of England are made up, and their manner of resting
on the chalk, imply, that such an island, or several islands and shoals,

composed of Chalk, Upper Greensand, Gault, and probably of some
of the Lower Cretaceous rocks, did exist somewhere between the present
North and South Downs. The undermined cliffs and shores of those
lands supplied the flints, which the action of the waves rounded into

pebbles, such as now form the Woolwich and Blackheath shingle
beds below the London Clay. It is supposed, that the land referred
to was drained by rivers flowing into the Eocene sea, and whence
the brackish and freshwater deposits of Woolwich and other contem

poraneous strataf were derived. The large size of some of. the rolled
flints (eight inches and upwards in diameter) of the Blackheath shingle
demonstrates the proximity of ]and. Such heavy masses could not
have been transported from great distances, whether they owe their

shape to waves breaking on a sea-beach, or to rivers descending a steep
slope.

In the annexed diagram (fig. 320) Mr. Prcstwicli has represented
a section from near Saffron Walden, in Essex, to the Weald, passing
north and south through Godstone, in which we see how the chalk,
c, had been disturbed and denuded before the lower Eocene beds, b,
were deposited. Some small patches of the last-mentioned beds, ii,

consisting of clay and sand, extend occasionally, as in this instance,
to the very edge of the escarpment of the North Downs, proving that
the surface of the white chalk, now covered with tertiary strata, is
the same which originally constituted the bottom of the Eocene sea,

* Mom. do lit Soc. Oêol. de France, vol. i. part i. p. 111, p1. '1, g. 6.
f See p. 220, above.
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Fig. $29.

a C

d d .-. -
I

Section showing that the Weald bad been denuded of chalk before the Lower Eocene strata won
deposited.

S. Relative position ofSaffron Walden.
G. Chalk-escarpment above Oodstono, surmounted by a patch ofthe Lower Tertiary beds, b.
a. London Clay. b, b'. Lower Tertiaries. c. Chalk.
d. Upper Oroc'nsand. e. Onult. " Lower Orsensand and Wealdon.
a Point at which the present upper and under surfaces of the chalk, if they were prolonged

would converge.

It is therefore inferred, that if we prolong southwards the upper and

under surfaces of the chalk, along the dotted line in the above section,

they would converge at the point x; therefore, beyond that point no

white chalk existed at the time when the Eocene beds, b, b', were formed.
In other words, the central parts of the Wcalden, south of x, were already
bared of their original covering of chalk, or had only some slight patches
of that rock scattered over thorn.
The island, or islands, in the Eocene sea may be represented in the

annexed diagram (fig. 330) ; but doubtless the denudation extended

Fig. 830.

Island in the Eocene Sea.
a. Chalk, Upper Greensand, and Gault. b. Lower Greonsand. 0. Wealden.

farther in width and depth before the close of the Eocene period, and the
waves may have cut into the Lower Greensand, and perhaps in some
places into the Wealden strata.

According to this view the mass of cretaceous and subcretaceous rocks,
planed off by the waves and currents in the area between the North and
South Downs before the origin of the oldest Eocene beds, may have been
as voluminous as the mass removed by denudation since the commence
ment of the Eocene era.
But the reader may ask, why is it necessary to assume that so much

white chalk first extended continuously over the Wealdon beds in this
part of England, and was then removed? May we not suppose that land.
began to exist between the North and South Downs at a much earlier
epoch; and that the upper Wealden beds rose in the midst of the Crcta
ceous Ocean, so as to check the accumulation of white chalk, and limit it
to the deeper water of adjoining areas? This hypothesis has often been
advanced, and as often rejected; for, had there been shoals or dry land
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so near, the white chalk would not have remained unsoiled, or without

intermixture of mud and sand; nor would organic remains of terrestrial,

fluviatile, or littoral origin have been so entirely wanting in the strata of

the North and South Downs, where the chalk terminates abruptly in the

escarpments. It is admitted that the fossils now found there belong ex

clusively to classes which inhabit a deep sea. Moreover, the uppermost
beds of the Wealden group, as Mr. Prestwich has remarked, would not

have been so strictly conformable with the lowest beds of the Lower

Greensand had the strata of the Wealcien undergone upheaval before the

deposition of the incumbent cretaceous series.

But, although we must assume that the white chalk was once contin

uous, over what is now the Weald, it by no means follows that the first

denudation was subsequent to the eiitire Cretaceous era. Most probably
it commenêed before a large portion of the Maestricht beds were formed,

or while they were in progress. I have already stated (p. 238, above),
that in parts of Belgium I observed rolled pebbles of chalk-flints very
abundant in the lowest Macstricht beds, where these last overlie the white

chalk, showing at how early a date the chalk was upraised from deep
water and exposed to aqueous abrasion.

Guided by the amount of change in organic life, we may estimate the

interval between the Macstricht beds and the Thanot Sands to have been

nearly equal in duration to the time which elapsed between the depo
sition of those same Thanet Sands and the Glacial period. If so, it

would be idle to expect to be able to make ideal restorations of the innu

merable phases in physical geography through which the southeast of

England must have passed since the Weald began to be denuded. In

less than half the same lapse of time the aspect of the whole European
area has been more than once entirely changed. Nevertheless, it may be

useful to enumerate some of the known fluctuations in the physical con

formation of the Weald and the regions immediately adjacent during the

period alluded to.
First, we have to carry back our thoughts to those very remote move

ments which first brought up the white chalk from a deep sea into

exposed situations where the waves could plane off certain portions, as

expressed in diagram (fig. 329), before the British Lower Eocene beds

originated.
Secondly, we have to take into account.tho gradual wear and tear of

the chalk and its flints, to which the Thanet sands bear witness, as well as

the subsequent Woolwich and Blackheath shingle-beds, occasionally 50

feet thick, and composed of rolled flint-pebbles.
Thirdly, at a later period a great subsidence took place, by which the

shallow-water and freshwater beds of Woolwich and other Lower Eocene

deposits were depressed (see above, p. 221) so as to allow the London

Clay and Bagshot series, of deep-sea origin,to accumulate over them.
The amount of this subsidence, according to Mr. Piestwich, exceeded 800
feet in the London, and 1800 feet in the Hampshire 01' Isle of Wight
basin; and if so, the intervening area of the Weald could scarcely fail to
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share in the movement', and some parts at least of the island before

spoken of (fig. 330, p. 282) would become submerged.

Fourthly. After the London clay and the overlying Bagsliot sands had

been deposited, they appear to have been upraised in the London basin,

during the Eocene period, and their conversion into land in the north

seems to have preceded the upheaval of beds of corresponding age in the

south, or in the Hampshire basin; because none of the fiuvio-marine

Eocene strata of Hordwell and the Isle of Wight (described in CH. XVI.)
are found in any part of the London area.

Fiftlily. The fossils of the alternating marine, brackish, ud freshwater

beds of llampshire, of Middle and Upper Eocene date, bear testimony to

rivers draining adjacent lands, and to the existence of numerous quadru

peds in those lands. Instead of these phenomena, the signs of an open
sea might naturally have been expected, as a consequence of the vast

subsidence of the Middle Eocene beds before mentioned, had not some

local upheaval taken place at the same time in the Isle of Wight or in

regions immediately adjacent.. Whatever hypothesis be adopted, we are

entitled to assume that during the Middle and Upper Eocene periods
there were rising-, and sinidugs of land, and changes of level in the bed of
the sea in the southeast of England, and that the movements were by no
means uniform over the whole area during these periods. The extent and
thickness of the missing beds in the Weald should of itself lead us to look
for proofs of that area having by repeated oscillations changed its level

frequently, and, oftener than any adjoining area, been turned from sea into
land; for the submergence and emergence of land augments beyond any
other cause, the wasting and removing power of water, whether of the
waves or of rivers and land-floods.

Sixthly. As yet we have discovered no Marine Miocene (or faluniam)
formations in any part of the British isles, nor any of older Pliocene
date south of the Thames; but the Upper Eocene strata of the Isle
of Wight (the Hempstead beds before described) have been upraised
above the level of the sea in which they were .Originally formed, and
some of them have been thrown into a. vertical position, as seen in
Alum and Whitecliff Bays, attesting great movements since the origin
of the newest tertiaries of that district. Such movements may have
occurred, in great part at least, during the Miocene period, when a
large part of Europe is supposed to have become land as before sug
gested (p. 180). Hence we are entitled to speculate on the probabilityof revolutions in the physical geography of the Weald in times inter
mediate between the deposition of the Hempstead beds and the origin of
the Suffolk crag.

Seventhly. But we have still to consider another vast interval of time
-that which separated the beginning of the older Pliocene from the be
ginning of the Pleistocene era,-a lapse of ages which, if measured by the
fluctuations experienced h the marine fauna, may have sufficed to upliftor sink whole continents by a process as slow as that which is now opera
ting in Sweden and in Greenland.
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Lastly. The reader must recall to mind what was said in the 11th and

12th chapters, of the glacial drift and its far-transported materials. How.

'wide an extent of the British Isles appears to have been under the sea

during some part or other of that epoch! Most of the submerged areas

were afterwards converted into dry land, several hundred and in some

places more than a thousand feet high. It is an opinion very com

monly entertained, that the central axis of the Weald was dry land when

the most characteristic northern drift originated; no traces of northern

erratics having been met with farther south than Highgate, near London.

If such were the case, the Weald. was probably dry land at the era when.

the buried forest of Cromer in Norfolk (see above, pp. 136 and 153)
flourished, and when the elephants rhinoceros, hippopotamus, extinct

beaver, and other mammals peopled that country. It may also be pre
sumed that the Weald continued above the sea-level when that forest

sank down to receive its covering of boulder-clay, gravel, chalk-rubble,

and other deposits, several hundred feet thick. But it by no means

follows that the area of the Weald was stationary during all this period.
Its surface may have been modified again and again during the Glacial

era, though it may never have been submerged beneath the sea.

Mr. Trimmer has represented in a series of four maps his views as

to the successive changes which the physical geography of England and

parts of Europe may, have undergone, after the commencement of the

Glacial epoch.* In the last but one of these he places the Weald under

water at a date long posterior to the forest of Cromer. In the fourth

map he represents the Weald as reconverted into land at a time when

England was united to the continent; and when the Thames was a

river of greater volume and of more easterly, extension than it is now,

as proved by his own and Mr. Austen's observations on the ancient
alluvium of the Thames with its freshwater fossils at points very near

the sea. Te discuss the various data on which such conclusions de

pend, would lead me into too long a digression; I merely allude to
them in this place to show that, while the researches of Mr. Prest
wich establish the extreme remoteness of the period when the de

nuding operations began, those of other geologists above cited, to
whom Mr. Martin, Professor Morris, and Sir R. Murchison should be
added, prove that important superficial changes have occurred at very
modern eras.

In Denmark, especially in the Island of Wen, Mr. Puggaard has de
monstrated that strata of chalk with flints, nearly as thick as the white
chalk of the Isle of Wight and Purbeck, have undergone disturbances
and contortions since the northern drift was formed.f The layers of
chalk-flint exposed in lofty sea-cliffs are often vertical and curved, and
the sands and clays of the overlying drift follow the bendings and foldings
of the older beds, and have evidently suffered the same derangement.
If, therefore, we find it necessary, in order to explain the position

* Geol. Quart. Journ. voL ix. 1. 13.
t Puggaard, Möens Geologic, 8vo.: Copenhagen, 1851.
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of some beds of gravel, loam, or drift in the southeast of England, to im

agine important dislocations of the chalk and local changes of level since

the Glacial period, such speculations are in harmony with conclusions

derived from independent sources, or drawn from the exploration of for

eign countries.
It was long ago observed by Dr. Mantell that no vestige of the chalk

and its flints has been seen on the central ridge of the Weald or on the

Hastings Sands, but merely gravel and loam derived from the rocks im

mediately subjacent. This distribution of alluvium, and especially the

absence of chalk detritus in the central district, agrees well with the

theory of denudation before set forth; for, to return to fig. 321 (p. 273),
if the chalk (No. 2) were once continuous and covered everywhere with

flint-gravel, this superficial covering would be the first to be carried away
from the highest part of the dome long before any of the gault (No. 3)
was laid bare. Now, if some ruins of the chalk remain at first on the

gault, these would be, in a great degree, cleared away before any part of

the lower greensand (No. 4) is denuded. Thus in proportion to the
number and thickness of the groups removed in succession, is the prob
ability lessened of our finding any remnants of the highest group strewed
over the bared surface of the lowest.
But it is objected, that, had the sea at one or several periods been the

agent of denudation, we should have found, ancient sea-beaches at the
foot of the escarpments, and other signs of oceanic erosion. As a gen
eral rule, the wreck of the white chalk and its flints can only be traced
to slight distances from the escarpments of the North and South Downs.
Some exceptions occur, one of which was first pointed out to me in 1880,
by the late Dr. Mantell. In this case the flints are seen near Barcombe,
three miles from the nearest chalk, as indicated in the annexed section
(fig. 331). Even here it will be seen that the gravel reaches no farther

Fig. 33L
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Section from the north escarpment of the South Downs to I3arcombo.
A. Layer of unroundeti chalk-flints.
1. Gravel composed olpartlafly rounded chulk-flints.2. Chalk with nod without flints.
8. Lowest chalk or chalk-marl (upper gTconnand wanting).4. Gaut. 5. Lower greensand. U. Weald clay.

than the Weald clay. But it is worthy of remark, that such depressionsas that between Barcoinbo and Offharn in this section, arising from the
facility with which the argillaceous gauk (No. 4, map p. 272) has been
removed by water, are usually free from superficial detritus, although such
valleys, situated at the foot of escarpments, where there has been much
waste, might have been supposed to be the natural receptacles of the
wreck of the undermined cliffs. The question is therefore often put, how



Ca. XIX] ELEPHANT-BED. 287

these hollows could have been swept clean except by some extraordinary
catastrophe.
The frequent angularity of the flints in the drift of Barcombe and

other places is also insisted upon as another indication of denuding
causes differing in kind and degree from any which man has witnessed.

But all who have examined the gravel at the base of a chalk-cliff, in

places where it is not peculiarly exposed to the continuous and violent

action of the waves, are aware that the flints retain much angularity.
This may be seen between the Old Harry rocks in Dorgetshire and

Christchurch in Hampshire. Throughout the greater part of that line

of coast the cliffs are formed of tertiary strata, capped by a dense

covering of gravel formed of flints slightly abraded. As the waste of
the cliffs is rapid, the old materials are gradually changed for new
ones on the beach; nevertheless we have here an example of angles
being retained after two periods of attrition; first, where the gravel
was spread originally over the Eocene deposits; and, secondly, after
the Eocene sands and clays were undermined and the modern cliff

formed.

Angular flint-breccia is not confined to the Weald, nor to the trans
verse gorges in the chalk, but extends along the neighboring coast from

Brighton to Rottingdean, where it was called by Dr. Mantel! "the

elephant-bed," because the bones of the mammoth abound in it, with

those of the horse and other mammalia. The following is a section of
this formation as it appears in the Brighton cliff.*

Pig. 882..

Ole
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:::::::::::..SW ...........................................................
A. Chalk with layers of flint dipping slightly to the south.
ii. Ancient beach, consisting of fine sand, from one to four feet thick, covered by ahinglo from

five to eight feet thick of pebbles of chalk-flint, granite, and other rocks) with broken
shells of recent marine specks, and bones of cetacen.

C'. Eicphant.bed, about fifty feet thick. consisting of layers of white chalk rubble, with broken
clialk-flinta, often more confusedly atratitlcd than Is represented in this drawing, In which
deposit are found bones of ox, door, horse, and mammoth.

. Sand and shingle of modern beach.

10 See also Sir R. Murchison, Geol. Quart.. Journ. vol. vii. p. 365.
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To explain this section we must suppose that, after the excavation of

the cliff .L, the beach of sand and shingle b was formed by the long.
'Inaction of the sea. The presence of .Iiiuorina lillorea and

other recent littoral shells determines the modern date of the accumu

lation. The overlying beds are composed of such calcareous rubble and

flints, rudely stratified, as are often conspicuous in ptrts of the Norfolk

coast, where they are associated with glacial drift, and were probably of

contemporaneous origin. Similar flints and chalk-rubble have been re

cently traced by Sir Roderick Murchison to Folkestone and along the

face of the cliffs at Dover, where the teeth of the fossil elephant have

been detected.
Mr. Prestwich also has shown that at Saugatte, near Calais, on the

coast exactly opposite Dover, a similar waterworu Leach, with an incum
bent mass of angular flint-breccia, is visible. I have myself visited this

spot and found the deposit strictly analogous to that of Brighton. The
fundameital ancient beach has been uplifted more than 10 feet above its

original level. The flint-pebbles in it have evidently been rounded at the
base of an ancient chalk-cliff, the course of which can still be traced in
land, nearly parallel with the present shore, but with a space intervening
between them of about one-third of a mile in its greatest breadth. This

space is occupied by a terrace, 100 feet in its greatest height, the com

ponent materials of which are too varied and complex to be described
here. They are such as might, I conceive, have been heaped up above
the sea-level in the delta of a liver draining a region of white chalk. The
delta may perhaps have been slowly subsiding while the strata accumu
lated. Some of the beds of chalk-rubble with broken flints appear to
have had channels cut in them before the uppermost deposit of sand and
loam was thrown down. The angularity of the flints, as Mr. Prestwich
has suggested, may be owing to their having been previously shattered
when in the body of the chalk itself; for we often see flints so fractured
in situ in the chalk, especially when time latter has been much disturbed.
The presence also in this Sangatte drift of large fragments of angular
white chalk, some of them two feet in diameter, should be mentioned.
They are confusedly mixed with smaller, gravel and fine mud, for the
most part devoid of stratification, and yet often too far from the old cliffs
to have been a talus. I therefore suspect that the waters of the river
and its tributaries were occasionally frozen over, and that during floods
time carrying power of ice co-operated with that of water to transport
fragile rocks and angular flints, leaving them unsorted when the ice
Melted, or not arranged according to size and weight as in depositsstratified by moving water. A climate like that now prevailing on the
borders of the Baltic or in Canada might produce such eficts longafter time intense cold of the glacial epoch had passed away. The abun
dance of inamninhja in countries where rivers are liable to be annually
encumbered with ice, is a fact with which we are familiar in the northern
hemisphere, and the frequency of lbssil remains of quadrupeds in forma
tions of glacial origin ought not to excite surprise As to the angularity
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of the flints, it has been thought by some authorities to imply great vio.
lence in the removing power, especially in those cases where well-rounded

pebbles washed out of Eocene strata are likewise found broken, sometimes
with sharp edges and often with irregular pieces chipped out of them as

if by a smart blow. Such fractured pebbles occur not unfrequently in

the drift of the valley of the Thames. In explanation, I may remark that,

in the Blackheath and other Eocene shingle-beds, hard egg-shaped flint

pebbles may be found in such a state of decomposition as to break in the

same manner on the application of a moderate blow, such as stones might
encounter in the bed of a swollen river.
To conclude: It is a fact., not questioned by any geologist that the

area of the Weald once rose from beneath the sea after the origin of

the chalk, that rock being a marine product, and now constituting dry
land. Few will question, that part of the same area remained under

water until after the origin of the Eocene deposits, because they also

are marine, and reach to the edge of the chalk-downs. Whether, there

fore, we do or do not admit the occurrence of reiterated submersions

and emersions of land, the first of them as old as the Upper Cretaceous,

the last perhaps of Newer Pliocene or eveii later date, we are at least

compelled to grant that there was a time when, in the region under

consideration, the waters of the sea retreated. The presence of land

and river-shells, and the bones of terrestrial quadrupcds in some of the

gravel, loam, and flint-breccia of the Weald, may indicate a fluviatile

origin, but they can never disprove the prior occupation of the area by
the sea. Heavy rains, the slow decomposition of rocks in the atmo

sphere, land-floods, and rivers (some of them larger than those now

flowing in the same valleys) may have modified the surface and ob

literated all signs of the antecedent presence of the sea. Littoral shells,

once strewed over ancient shores, or buried in the sands of the beach,

may have decomposed so as to make it impossible for us to assign an

exact paleontological date to the older acts of denudation; but the me
moral of Chalk aüd Greensand from the central axis of the Weald, the

leading inequalities of hill and dale, the long lines of escarpment the

longitudinal and transverse valleys, may still be mainly due to the

power of the waves and currents of the sea, co-operating with that up
heaval and subsidence and dislocation of rocks which all admit to have

taken place.
In despair of solving the problem of the present geographical config

uration and geological structure of the Weald by an appeal to ordinary
causation, some geologists are faii to invoke the aid of imaginary
"rushes of salt water" over the land, during the sudden uptlirow of
the bed of the sea, when the anticlinal axis of the Weald was formed.
Others refer to vast. bodies of fresh water breaking forth from subter
ranean reservoirs, when the rocks were. riven by earthquake-shocks of in
tense violence. The singleness of the cause and the unity of the result
are emphatically insisted upon : the catastrophe was abrupt, tumultuous,
transient, and paroxysmal ; fragments of stone were swept along to great

19



290 CONCLUSION. [Ca XIX

distances without time being allowed for attrition; alluvium was thrown

down unstratified, and often in strange situations, on the flanks or on the

summits of hills, while the lowest levels were left bare. The convulsion

was felt simultaneously over so wide an area that all the individuals of

certain species of quadrupeds were at once annihilated ; yet the event was

comparatively
modern, for the species of testacea flow living were already

in existence.

This hypothesis is surely untenable and unnecessary. In the present

chapter I have endeavored to show how numerous have been the periods

of geographical change, and how vast their duration. Evidence to this

effect is afforded by the relative position of the chalk and overlying ter

tiary deposits; by the nature, character, and position of the tertiary

strata; and by the overlying alluvia of the Weald and adjacent countries.

As to the superficial detritus, its insignificance in volume, when compared

to the missing rocks, should never be lost sight of. A mountain-mass of

solid matter, hundreds of square miles in extent, and hundreds of yards in

thickness, has been carried away bodily. To what distance it has been

transported we know not, but certainly beyond the limits of the Weald.

For achieving such a task, if we are to judge by analogy, all transient and

sudden agency is hopelessly inadequate. There is one power alone which
is competent to the task, namely, the mechanical force of water in motion,

operating gradually, and for ages. We have seen in the 6th chapter
that every stratified portion of the earth's crust is a monument of denuda
tion on a grand scale, always effected slowly; for each superimposed
stratum, however thin, has been successively and separately elaborated.

Every attempt, therefore, to circumscribe the time in which any great
amount of denudation, ancient or modern, has been accomplished, draws
with. it the gratuitous rejection of the only kind of machinery known to
us which possesses the adequate power.

If, then, at every epoch, from the Cambrian to the Pliocene inclusive,
voluminous masses of matter, such as are missing in the Weald, have
been transferred from place to place, and always removed gradually, it
seems extravagant to imagine an exception in the very region where we
can prove the first and last acts of denudation to have been separated byso vast an interval of time. Here, might we say, if anywhere within the
range of geological inquiry, we have time enough and without stint at
our command.
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CHAPTER XX.

JURASSIC GROUP.-PUBBECK BEDS AND OOLITE.

The Purbeck beds a member of the Jurassic group-subdivisions of that group
Physical geography of the Oolite in England and. France-Upper Oolite-Pur
beck beds-New fossil Mammifer found at Swannge-Dirt"bed or ancient soil
-Fossils of the Purbeck beds-Portland stone and fossils-Lithographic stone
of Solenliofen-Middle Oolite-Coral rag-Zoophytes-Norinwan limestone
Diceras limestone-Oxford clay, Ammonites and Belemnites-Lower Oolite,
Crinoideans-Great Oolite and Bradford clay-Stonesfiold slate-Fossil main
inalici, placental and marsupial-Resemblance to an Australian fauna-North

amptonshire slates-Yorkshire Oólitic coal-field-Brorn coal-Fuller's earth
Inferior Oolito and fossils.

IMMEDIATELY below the Hastings Sands (the inferior member of the

Wealden, as defined in the 18th chapter), we find in Dorsctshire another

remarkable freshwater formation, called the Furbecic, because it was first

studied in the sea-cliffs of the peninsula of Purbeck in Dorsetshire. These

beds were formerly grouped with the Wealden, but some organic remains

recently discovered. in certain intercalated marine beds show that the

Purbeck series has a close affinity to.the Oolitic group, of which it may
be considered as the newest or uppermost member.

In England generally, and in the greater part of Europe, both the
Wealden and Purbeck beds are wanting, and the marine cretaceous group
is followed immediately, in the descending order, by another series called
the Jurassic. In this term, the formations commonly designated as "the

Oolite and Lias" are included, both being found in the Jura Mountains.
The Oolito was so named because in the countries where it was first ex
amined, the limestones belonging to it had an oolitic structure (seep. 12).
These rocks occupy in England a zone which is nearly 30 miles in aver

age breadth, and extends across the island, from Yorkshire in the north

east, to Dorsetshirc in the southwest. Their mineral characters are not
uniform throughout This region; but the following are the names of the

principal subdivisions observed in the central and southeastern parts of

England:




OOLITE.

(a. Purbock beds.
Upper . & Portland stone and sand.

(c. Kimmeridgo clay.

Middle S Coral rag.
e. Oxford clay.

ff. Cornbrash and Forest marble.

Lower g. Great Oolito and Stonesfield slate.
h Fuller's earth.
i. Inferior Oolitc.

The Lies then succeeds to the Inferior Oolite.
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The Upper oolit.ic system of the above table has usually the Kimme

ridge clay for its base; the Middle oolitic system, the Oxford clay. The

Lower system reposes on the Lias, an argillo-calcareous formation, which

some include in the Lower Oolito, but which will be treated of separately

in the next chapter. Many of these subdivisions are distinguished by pe

culiar organic remains; and, though varying in thickness, may be traced

in certain directions for great distances, especially if we compare the part

of England to which the above-mentioned type refers with the northeast

of France and the Jura mountains adjoining. In that country, distant

above 400 geographical miles, the analogy to the accepted English type,

notwithstanding the thinness or occasional absence of the clays, is more

perfect than in Yorkshire or Normandy.

Physical geography-The alternation, on a grand scale, of distinct for

mations of clay and limestone has caused the oolitie and liassic series to

give rise to some marked features in the physical outline of parts of Eng
land and France. Wide valleys can usually be traced throughout the

long bands of country where the argillaceous strata crop out.; and be

tween these valleys the limestones are observed, composing ranges of hills

or more elevated grounds. These ranges terminate abruptly on the side on

which the several clays rise up from beneath the calcareous strata.

The annexed cut. will give the reader an idea of the configuration of
the surface now alluded to, such as may be seen in passing from London
to Cheltenham, or in other parallel lines, from east to west, in the southern

part of England. It has been necessary, however, in this drawing, greatly

Fig. 833.

Lower Middle Upper LondonOolIte. Oollte. Oolito. Chalk clay.

Lia.,. Oxford Clay. Elm. clay. Gault.

to exaggerate the inclination of the beds, and the height of the several
formations, as compared to their horizontal extent. It will be remarked,
that the lines of cliff; or escarpment, face towards the west in the great
calcareous eminences formed by the Chalk and the Upper, Middle, and
Lower Oolites; and at the base of which we have respectively the Gault.,
Kimmeridge clay, Oxford clay, and Lias. This last forms, generally, a
broad vale at the foot of the escarpment of inferior oolite, but where it
acquires considerable thickness, and contains solid beds of marl-stone, it
occupies the lower part of the escarpment.The external outline of the country which the geologist observes in
travelling eastward from Pails to Mctz is precisely analogous, and iscaused by a similar succession of rocks intervening between the tertiarystrata and the Lias; with this difference, however, that the escarpmentsof Chalk, Upper, Middle, and Lower Oolites face towards the east insteadof the vest.
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The Chalk crops out from beneath the tertiary, sands and clays of the
Paris basin, near Epernay, and the Gault. from beneath the Chalk and

Upper Greensand at Clermont-en-Argonne; and passing from this place
by 1Tcrdun and Etain to Met; we find two limestone ranges, with inter

vening vales of clay, precisely resembling those of southern and central

England, until we reach the great plain of Lias at the base of the Ithrior
Oolito at Metz.

It is evident, therefore, that the denuding causes have acted similarly
over an area several hundred miles in diameter, sweeping away the softer

clays more extensively than the limestones, and undermining these last so
as to cause them to form steep cliffs wherever the harder calcareous rock
was based upon a more yielding and destructible clay.

UPPER OOLITE.

Furbecic beds (a, Tab. p. 291).-These strata, which we class as the

uppermost member of the Oolite, are of limited geographical extent in

Europe, as already stated, but. they acquire importance, when we consider
the succession of three distinct sets of fossil remains which they contain.
Such repeated changes in organic life must have reference to the history
of a vast lapse of ages. The Purbeck beds are finely exposed to view in
Durdlestone Bay, near Swanage, Dorsetshire, and at Lulworth Cove and
the neighboring bays between Weymouth and Swanage. At Meup's
Bay, in particular, Professor E. Forbes examined' minutely in 1850 the

organic remains of this group, displayed in a continuous, sea-cliff section;
and he added largely to the information previously supplied in the works
of Messrs. Webster, Fitton, Dc Ia Beche, Buckland, and Mantel.]. It ap
pears from these researches that the Upper, Middle, and Lower Purbecks
are each marked by peculiar species of organic remains, these again being
different, so far as a comparison has yet been instituted, from the fossils of
the overlying Hastings Sands and Weald Clay.*

l7per Furbeck.-The highest of the three divisions is purely fresh
water, the strata, about 50 feet in thickness, containing shells of the

genera Paluclina, PiLysa, Li;nnceus, Flanorbis, Valvata, Cyclas, find
Unio, with G'ypridcs and fish. All the species seem peculiar, and among
these the (Jyprides are very abundant and characteristic. (See figs.
334, a, b, c.)




Fig. 331..

Cyprides from (ho Upper Purbecks.
'. ?ypris qibboaa, E. Forbes. is. Csjpristubdrculata, E.Forbes. c. cypri.leumfn.lta, E.Forbe&

61 On the Dorsetshire Furbecks," by Prof. E. Forbes, Brit. Asoc. Ediub. 1860.



294 MiDDLE ruRBEC1. [C XX.

The stone called "Purbeck marble," formerly much used in ornamental

architecture in the old English cathedrals of the southern counties, is ex

clusively procured from this diisiou.

Middle FurbecA.-Next in succession is the Middle Purbeck, about 80

feet thick, the* uppermost part of which consists of freshwater limestone,

with cyprides1 turtles, and fish, of different species from those in the pre

ceding strata. Below the limestone are brackish-water beds full of

Cyrena, and traversed by bands abounding in Gorbula and .Melania.

These are based on a purely marine deposit, with Pecten, lfodiola,

Avicula, Thracia, all undescribed shells. Below this, again, come lime

stones and shales, partly of brackish and partly of freshwater origin, in

which many fish, especially species of Lepiclotus and .Microdon radiatu;

are found, and a crocodilian reptile named .Afacrorltyncus. Among the

mollusks, a remarkable ribbed Melania, of the section (Jhilina, occurs.

Immediately below is the great and conspicuous stratum, 12 feet thick,

long familiar to geologists under the local name of "Cinder-bed," formed

of a vast accumulation of shells of Osirea distorta (fig. 335). In the

uppermost part of this bed Professor Forbes discovered the first
echino-derm(fig. 336) as yet known in the Purbeck series, a species of Heniici-

daris, a genus characteristic of the Oolitic period, and scarcely, if at all,

distinguishable from a previously known oolitie species. It was accom-

FIg.885. Pig. 83.

oetea difo,fa.
Cinder-bed, Middle Puibcck.

panied by a species of Perna. Below the Cinder-bed freshwater strata
are again seen, filled in many places with species of Uypris (fig. 33'?,

Fig. 831.




.1Io
Cyprides from the Middle Purbecks.

OUPrie Sfr(a(o_pu,,ctata. B. Forbes. b. (yprljzeciuitara, B. Forbg.u. OyprLs G,ranuhaa, bow.
a, b, c), and with Val,'cjji, Paludina, Planorbis, Li7nncus, .Pliysa(fig. 338), and Uyclas, all dIQi'e,it from any occurring higher in the

HmnLcdaria Purbeckensi,, E. Forbes.
Middlo Furbeck.
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series. It will be seen that Cypris fasciculata (fig.
FIg. 889.

337. b) has tubercles at the end only of each valve, a

character by which it can be immediately recognized. In

fact, these minute crustaceans, almost as frequent in some

of the shales as plates of mica in a micaceous sandstone,
enable geologists at once to identify the Middle Purbecic
in places far from the Dorsetshire cliffs, as, for example, in

the Vale of Wardour, in Wiltshire. Thick siliceous beds Purbeok.

of chert occur in the Middle Purbeck filled with mollusca and cyprides ot

the genera already enumerated, in a beautiful state of preservation, often

ccverted into chalcedony. Among these Professor Forbes met with

gyrogonites (the spore-vessels of C7tarce), plants never until 1851 discov

ered in rocks older than Eocene. In a bed of this series, about 20 feet

below the "Cinder," Mr. W. B. Brodic has lately foind (1854), in Dur
dilestone Bay, portions of several small jaws with teeth, which Professor
Owen, after clearing away the matrix, recognized as belonging to a small

mammifer of the insectivorous class. The teeth with pointed cusps re

semble in some degree those of the Cape Mole (G'lirysocMora aurea);

but the number of the molar teeth (at least ten in each ramus of,the

lower jaw) accords with that in the extinct Thylacotherium of the Stones
field Oolite (see below, Chap. XX.). This newly-found quadruped, there

fore, seems to have been more closely allied in its dentition to the

Thylacotherium than to any existing insectivorous type. As in Thylaco
therium, the angular process of the jaw is not bent inwards, an osteologi
cal peculiarity confined to the marsupial tribes (see Chap. XX.), and
Professor Owen therefore refers the Spalacotheth&rn to the placental or

ordinary class of monodeiphous mammalia.

In a former edition of this work (1852), after alluding to the discovery
of numerous insects and air-bieatliiug mollusca in the "Purbeck," I re
marked that, although no mammalia had then been found, "it was too
soon to infer their non-existence on mere negative evidence." The

scarcity of the remains of warm-blooded quadrupeds in Oolitic rocks, and

the fact of none having yet been met with in deposits of the Cretaceous

era, may imply that there were few mammahia then living, and their
limited numbers may possibly have some connection with the enormous

development of reptile life in all Secondary criods, as compared to Ter

tiary or Recent times. If so, the phenomenon has at least no relation to
an incipient or immature condition of the planet., as some have imagined,
for, so far from being characteristic of primary or even older secondary
times, it belongs to the Macstricht chalk, the newest subdivision of the
cretaceous series, and that too in a manner'even more marked than in
the older oohitie rocks: Nevertheless in the present imperfect state of our
information respecting the land-animals of the Cretaceous and Jurassic

periods, exclusively derived from marine and fluviatile strata, and our
total ignorance of the deposits formed in lakes and caverns at the same
date, it would be premature to attempt to generalize on the nature of so
ancient a terrestrial fauna.
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Beneath the freshwater strata last described, a. very thin band o.

greenish shales, with marine shells and impressions of leavcs,.like those

of a large Zoskra, succeeds, forming the base of the Middle Purbeck.

Lower PurbccA.-Beneath the thin marine band above mentioned,

purely freshwater math occur, containing species of Uypris (fig. 330,

a, ii), Valvala, and Lyrnnceus, dif- g

fereat from those of the Middle

Purbeck. This is the beginning
of the inferior division, which is I ft St

about 80 feet thick. Below the

mans are seen more than 30 feet




q,\N iv
of brackish-water beds,:at Meup's

'tIt

Bay, abounding in a species of OyprWeB from tbo Lower Purbecks.

Serpula allied to if not identical a Oypri8 Purbeckdn8L8, ?i. Oy-pri pzznckita,
Forbeø.E.Forbos. B

with, Sepul coaceruites, found in

beds of the same age in Hanover. There are also shells of the genus
Ri,ssoa (of the subgenus Hydrobia), and a little Ucirdium of the sub

genus Frotocardiurn, in. the same beds, together with C'ypris. Some

of the cypris-bearing shales are strangely contorted and broken up, at

the west end of the Isle of Purbeck. The great dirt-bed or vegetable
soil containing the roots and stools of (Jycaclece, which I shall presently
describe, underlies these mans, and rests upon the lowest freshwater
limestone, a rock about 8 feet thick, containing Gjcla, Valvala, and
Lininceus, of the same species as those of the uppermost part of
the Lower Purbeck, or above the dirt-bed. The freshwater limestone
in its turn rests upon the top beds of the Portland stone, 'which,
although it contains purely marine remains, often consists of a rock
quite homogeneous in mineral character with the lowest Purbeck
Iirnestone.
The most remarkable of all the varied succession of beds enumerated

in the above list, is that called by
the quarrymen "the dirt," or

Fig. 840.
u black dirt," which was evidently

from 12 to 18 inches thick, is of
a dark brown or black colof, and

an ancient vegetable soil. It is -.

contains a large proportion of

dispersed rounded fragments of

earthy lignite. Through it are

stone, from 3 to 0 inches in diame-
(en, in such numbers that it almost ()jcadeo1dea çlmnkzlia) mga7op1:yZla.1
deserves the name of gravel. Many

Buckand.

silicified trunks of coniferous trees, and the remains of plants allied toZamia and (Jycas, are buried j this dirt-bed (see figure of fossil species,fig. 340, and of living Zanjia, fig. 341).
* Weston, Geol. Q. J., vol. viii. p. 117.
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Pig. 84i.

These plants must have become fossil on the spots where they grew.
The stumps of the trees stand erect for a height of from 1 to 3 feet, and

even in one instance to 0 feet, with their roots attached to the soil at
about the same distances from one another as the trees in a modern

forest.* The carbonaceous matter is most abundant immediately around

the stumps, and round the remains of fossil Cycadec.f
Besides the upright stumps above mentioned, the dirt-bed contains the

stems of silicified trees laid prostrate. These are partly sunk into the

black earth, and partly enveloped by a calcareous slate which covers the

dirt-bed. The fragments of the prostrate trees are rarely more than

3 or 4 feet in length; but by joining many of them together, trunks have
been r&stored, having a length from the root to the branches of from

20 to 23 feet, the stems being undivided for 17 or 20 feet, and then
forked. The diameter of these near the roots is about 1 foot. Root

shaped cavities were observed by Professor Henslow to descend from the
bottom of the dirt-bed into the subjacent freshwater stone, which, though
now solid, must have been in a soft and penetrable state when the
trees grew.




Pig. 842.




freshwater calcareous slate.

dirt-bed and ancient forest

lowest freshwater beds of the Lower
Purbeek.

Portland stone, marine.

Section in Isle of Portland, Dorsut, (Bockland and Do Ia Beebe.)

11 Mr. Webster first noticed the erect position of the trees and described tile
Dirt-bed.

f Fitton, Geol. Trans., Second Series, vol. iv. pp. 220, 221.
Buckland and Do Ia Beche, Geol. Trans., Second Series, vol. iv. p. 16. Pro

fessor Forbes has ascertained that the subjacent rock is a freshwater limestone,
and not a portion of the Portland oolite, as was previously imagined.

2am (a p(raiis. Southern Australia.
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The thin layers of calcareous slate (fig. 342) were evidently deposited

tranquilly, and would have been horizontal but for the protrusion of the

stumps of the trees, around the top of each of which they form hemispher

ical concretions.
The dirt-bed is by no means confined to the island of Portland, where

it has been most carefully studied, but is seen in the same relative position

in the cliffs east of Lulworth Cove, in Dorsetshirc, where, as the strata

have been disturbed, and are now inclined at an angle of 450 the stumps

of the trees are also inclined at the same angle in an opposite direction

a beautiful illustration of a change in the position of beds originally hori

zontal sec fig. 343). Traces of the dirt-bed have also been observed by

Fig. 843.




freshwater calcareous slate.
dirt-bed, with stools of trees.

freshwater.

Portland atone, marine.

Section in cliff cwt of Luiwortli Cove. (Buckland and De Ia Beebe.)

Mr. Fisher, at Ridgway; by Dr. Buckland, about two miles north of
Thanie, in Oxfordshire; and by Dr. Fitton, in the cliffs in the Boulonnois,
on the French coast; but,- as might be expected, this freshwater deposit
is of limited extent when compared to most marine formations.
From the facts above described, we may infer, first, that those beds of

the upper Oolite, called "the Portland," which are full of marine shells,
were overspread with fiuviatile mud, which became dry, land, and cov
ered by a forest, throughout a portion of the space now occupied by the
south of England, the climate being such as to admit the growth of the
Zamia and C'ycas. 2dIy. This land at length sank down and was sub
merged with its forests beneath a body of freshwater, from which sedi
ment was thrown down enveloping fluviatile shells. 3dly. The regularand, uniform preservation of this thin bed of black earth over ii.. distance
of many miles, shows that the change from dry land to the state of a
freshwater lake or estuary, was not accompaied by any violent denuda
tion, or rush of water, since the loose black earth, together with the trees
which lay prostrate on its surface, must inevitably have been swept awayhad any such violent catastrophe taken place.The dirt-bed has been described above in its most simple form, butin some sections the appearances are more complicated. The forest ofthe dirt-bed was not everywhere the first vegetation which grew in this
region. Two other beds of carbonaceous clay, one of them containingUjjcadcw, in an upright position, have been found below it, and one
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above it, which implies other oscillations in the level of the same ground,
and its alternate occupation by land and water more than on'

Table showing the changes of medium n which the strata were formed,

from the Portland Stone up to 11w Lower Greensand inclusive, in the

southeast of England (beginning with the lowest).

1. Marina Portland Stone.
2. Freshwater

Land
Freshwater
Land
Freshwater -Lower PurbecILand (Dirt-bed)
Freshwater
Land
Brackish
Freshwater




3. Marine.
Freshwater
Marine
Brackish Middle Purbeck.
Marine
Brackish
Freshwater

4. Freshwater Upper Purbeek.
5. Freshwater )

Brackish - Hastings Sands.
Freshwater )

6. Freshwater Wealden Clay.
'1. Marine Lower Greensand.

The annexed tabular view will enable the reader to take in at a glance
the successive changes from sea to river, and from river to sea, or from

these again to a state of land, which have occurred in this part of Eng
land between the Oolitic and Cretaceous periods. That there have been

at least four changes in the species of testacea during the deposition of

the Wealden and Purbeck beds, seems to follow from the observations

recently made by Prof. Forbes, so that, should we hereafter find the

signs of many more alternate occupations of the same area by different

elements, it is no more than we might expect. Even during a small part
of a zoological period, not sufficient to allow time for many species to die

out, we find that the same area has been laid dry, and then submerged,
and then again laid dry, as in the deltas of the Po and Ganges, the his

tory of which has been brought to light by Artesian borings.* We also

know that similar revolutions have occurred within the present century

(1819) in the delta of the Indus in Cutch,f where land has been laid.

permanently uhder the waters both of the river and sea, without its soii

or shrubs having been swept away. Even, independently of any vertical

movements of the ground, we see in the principal deltas, such as that of

the Mississippi, that the sea extends its salt waters annually for many
months over considerable spaces which, at other seasons, are occupied by
the river during its inundations.

It will be observed that the division of the Purbecks into upper, middle,

and lower has been made by Prof. Forbes, strictly on the principle of the

entire distinctness of the species of organic remains which they include.

The lines of demarcation are not lines of disturbance, nor indicated by

any striking physical characters or mineral changes. The features which
attract the eye in the Purbecks, such as the dirt-beds, the dislocated
strata at Lulworth, and the Cinder-bed, do not indicate any breaks in the

0 See Principles of Ocol. 901 ed. pp. 255-275. f ibid. p. 400
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distribution of organized beings. "The causes which led to a complete

change of life three times during the deposition of the freshwater and

brackish strata must," says this naturalist, "be sought for, not pimply in

either a rapid or a sudden change of their area into laud or sea, but in

the great lapse of time which intervened between the epochs of deposition

at certain periods during their formation."

Each dirt-bed may, no doubt, be the memorial of many thousand years

or centuries, because we find that 2 or 3 feet of vegetable soil is the only

monument which many a tropical forest has left of its existence ever

since the ground on which it now stands was first covered with its shade.

Yet, oven if we imagine the fossil soils of the Lower Purbeek to repre
sent as many ages, we need not expect on that account to find them

constituting the lines of separation between successive strata character

ized by difibrent zoological types. The preservation of a layer of vege
table soil, when in the act of being submerged, must be regarded as

a rare exception to a general rule. It is of so perishable a nature,

that it must usually be carried away by the denuding waves or currents

of the sea or by a river; and many Purbeck dirt-beds were probably
formed in. succession, and annihilated, besides those few which now
remain.

The plants of the Purbeck beds, so far as our knowledge extends at

present consist chiefly of Ferns, Conifer (fig. 344), and cycad&e (fig.
340), without any exogens; the whole more allied
to the Oohitic than to the Cretaceous vegetation. g. 844.

The vertebrate and invertebrate animals indicate,
like the plants, a somewhat nearer relationship to
the Oohitic than to the cretaceous period. Mr.

I

Broclic has found the remains of beetles and several
insects of the homopterous and trichoptorous orders,
some of which now live on plants, while others are
of such forms as hover over the surface of our present
rivers. Cone ofa Dine from tbo

IsleofPurbock (Fitton).
Portland Stone and Sand (b, Tab. p. 29].).-The

Portland stone has already been mentioned as forming in DorseLshire the
foundation on which the freshwater limestone of the Lower Purbeck re
poses (see p. 296). It supplies the well-known buildig-stone of which
St. Paul's and so many of the principal edifices of London are constructed.
This upper member rests on a dense bed of sand, called the Portland
sand, containing for the most part similar marine fossils, below which is
the Kimmeridgo clay. In England these Upper Oolite formations arc
almost wholly confined to the southern counties. Corals are rare in
them, although one species is found plentifully at Tisbury, Wiltshire, in
the Portland sand, converted into flint and chert, the original calcareous
matter being replaced by silex (fig. 3.15).T/ e Kinz?izcridge clay consists, in great part, of a bituminous shale,
sometimes

formin*la
n impure coal, several hundred feet in thkkuess. In

some places in \Vitshire it much resembles peat; and the bituminous
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Ieas*wa obtonga, M. Edw. and J. ITalme.
As been on a polished slab of chert from

the Portland sand, Tisbury.

Fig. 34T.




Trigonia gThbo8a. not size.
a, the hinge.

Portland Stone, Tlsbury.

Fig. 843.

Card(uvm diRsim lit'. not size. Oatrea ewpanRa.
Portland Stone. Portland Sand.
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matter may have been; in part at least, derived, from the decomposition of

vegetables. But as impressions of plants are rare in these shales, which

contain ammonites, oysters, and other marine shells, the bitumen may

perhaps be of animal origin.
Among the characteristic fossils may be mentioned Cardium atriatu

lum (fig. 349) and Ostrea deltoidea (fig. 350), the latter found in the

Kimmeridge clay throughout England and the north of France, and also
in Scotland, near Brora. The Gryplicva virgulc (fig. 351), also met with

Fig. 849.

'.zL




)

ft 85L

Cardtum RtrlaluJufl2. Oatra d4'Ua(da. Qr&'plrn'a virgula.
Kimmeridgo clay, IIartwell. Upper Oollto: Kimmeridge day. 4 not. size.

in the mine clay near Oxford, i so abundant i!t the Upper Oolito of

parts of France as to have caused the deposit to be termed "marnes a

gryphées virgules." Near Clerrnoiit, in Argoimi', a flew leagues from St.
Meiichouid, where these nidurated 3liflrlS crop out froni beneath tile Gault,

Fig. 84.




Pig. 8O.
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I have seen them, on decomposing, leave the surface of every ploughed

field literally strewed over with this fossil oyster. The

Trigonellites latus (Aptychus, of some authors) (fig.
Eg 852.

352) is also widely dispersed through this clay. The

real nature 'of the shell, of which there are many spe

cies in oolitie rocks, is still a matter of conjecture. Some

are of opinion that the two plates formed the gizzard of Trigonellilc8 la¬us.

a cephalopod; for the living Nautilus has a gizzard with Kiminoridgo clay.

horny folds, and the Bulla is well known to possess one formed of calca

reous plates.
The celebrated lithographic stone of Soleuhofen, in Bavaria, belongs

to one of the upper divisions of the oolite, and affords a remarkable ex

ample of the variety of fossils which may be preserved under favorable

circumstances, and what delicate impressions of the tonder parts of cer-

tain animals and plants may be retained where

the sediment is of extreme fineness. Although Fig. 858.

the plants few, and those all marine, Count

Münster had determined no less than 237 spe
cies of fossils when I saw his collection in 1833;
and among them no less than seven species of

the number of testacea in this slate is small, and

flying lizards, or pterodactyls (see fig. 353), six
saurians, three tortoises, sixty species of fish,

forty-six of crustacea, and twenty-six of insects.
Thee insects, among which is a libellula, or
dragon-fly, must have been blown out to sea,
probably from the same laud to which the flying Skoicton bf Pterodactylus

crassirooerj,.lizards, and other contemporaneous reptiles, re- Ooflto of Pappenboim, near 8o
sorted. lenbofen.

MIDDLE OOLITE.

Coral Bag.-One of the limestones of the Middle Oolite has been
called the "Coral Rag," because it consists, in part, of continuous bedsof petrified corals, for the most part retaining the position in which theygrew at the bottom of the sea. In their forms, they more frequentlyresemble the reef-building polipaila of the Pacific than do the corals of
any other member of the Oolite. They belong chiefly to the generaTilecosmilia (fig. 354), Protoseris, and TlLamnastra'a, and sometimesform masses of coral 15 feet thick. In the annexed figure of a Titamfla8trca (fig. 355), from this formation, it will be seen that the cupshaped cavities are deepest on the right-hand side, and that they growmore and more shallow, until those on the left side are nearly filled up.The last-mentioned stars are supposed to represent a perfected condition,and the others an mma(iii"o state. These corulljne strata extend throughthe calcareous hills of the N. W. of Berkshire, and north of Wilts, and
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Corals of the Coral Bag.




Fig. 35

T/leco8miUci annularla, Mime Edw. and J. IIaImn.
Coral rag, Steeple !shtou.

again recur inYorksliire, near Scarborough. The Os!rcc qregarea (fig. 356)
is very characteristic of the formation in England and on the continent.
One of the himestones of the Jura, referred to the age of the English

coral rag, has been called "Nerinean limestone" (Calcaire t. Nérinées)
by M. Thirria; .Yerincea being an extinct genus of univalve shells, much

resembling the (Jeritlthim in external form. The annexed section (fig. 357)
shows the curious form of the hollow part of each whorl, and also the

perforation which passes up the middle of the columella. .2V. (Joodhallii

Fig. 857.

ft. 858.

Oa(rea grearea. Serisura iikrog1!,p1 ica. .Zs'er(sura Cood1alUi, Fttion.
Coral Tag, Stcejlo Aabton. Coral rag. Coral rag, Weymoutli. 4 nat. elm

(fig. 358) is another English species of the same genus, from a formation
which seenis to form a passage frojn the Kimmeridge clay to the coral

rag.*
A division of the oolito in the Alps, regarded by most geologists as

coeval with limo English coral rag, has been often named "C:ilcaire a Di
cerates," or " Dicers limestone," from its containing abundantly a bivalve
shell (see fig. 350) Or a ginu allied to the Uliama.

* Flit.'ri, Goo]. Trans., Second Serki, vol. iv. pL 23, fig. 12.

Fig. 854.




T1a,nnas(riw.
Coral rag, Btoople Ashton.

Fig. 853.
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Fig. 860.

Fig 850.

Oxford Clay.-The coralline limestone, or "coral rag," above de

scribed, and the accompanying sandy beds, called "calcareous grits" of

the Middle Oollte, rests on a thick bed of clay, called the Oxford clay,

sometimes not less than 500 feet thick. In this there are no corals, but

great abundance of cephalopoda of the genera Ammonite and Belemnite.

(Figs. $61, $62.) In some of the clay of very fine texture ammonites are

Fig. 301.

.etemnItea lza8tatua. Oxford Clay.

very perfect, although somewhat compressed, and are seen to be furnished
on each side of the aperture with a single horn-like projection (see fig.
362). These were discovered in the cuttings of the Great Western

Railway, near Chippenharn, in 1841, and have been described by Mr.
Pratt.




Fig. 362.

* S. P. Pratt1 Annals of Nat. }flst.. November, 1841.

Cidaris corona(a.
Coral rag.Cast of Dkeras arictina.

Coral rag, France.

Ammonites Jaon Syn. 4. abdJa, Pr*tt.Oxford clay, Christian Malford, Wiltshire.
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Similar elongated processes have been also ob

served to extend from the shells of some belem

nites discovered by Dr. Mantell in the same clay

(see fig. 363), who, by the aid of this and other

specimens, has been able to throw much light on

the structure of this singular extinct form of

cutt1e-fish.*




LowER O0LITE.

b




Cornbrash and Forest .Afarblc.-The upper
division of this series, which is more exten
sive than the preceding or Middle Oolite,
is called in England the Cornbrash. It con
sists of clays and calcareous Bancistones, which

pass downwards into the Forest Marble, an

argillaceous limestone, abounding in marine
fossils. In some places, as at Bradford, this
limestone is replaced by a mass of clay. The
sandstones of the Forest Marble of Wiltshire are
often ripple-marked and filled with fragments of
broken shells and pieces of drift-wood, having
evidently been formed on a coast. Rippled slabs
of fissile oolite are used for roofing, and have
been traced over a broad band of couny from
Bradford, in Wilts, to Tetbury, in Gloucestershire.
These calcareous tile-stones are separated from
each other by thin seams of clay, which have
been deposited upon them, and have taken their,
form, preserving the undulating ridges and fur
rows of the sand in such complete integrity, that
the impressions of small footsteps, apparently of
crabs, which walked over the soft wet sands, are
still visible. In the same stone the claws of
crabs, fragments of echini, and other signs of a

neighboring beach are observed4
Great Ooll(c.-Although the name of coral

rag has been appropriated, as we have seen, to a
member of the Upper Oolito before described,
some portions of the Lower Oolitc are equally
entitled in many places to be called coralline
hlinestones. Thus the Great Oohito near Bath
conthins various corals, among which the Euno"
niia radiata (fig. 304 is very conspicuous, singlu
individuals forming masses several feet in diam-

BeZemnties Puzosianus,
IIOrb.

Oxford Clay, Christian
Mlford.

a, a. Projecting processes ofthe shell or p)iraguio.
cone.

b, c. Broken exterior of a
conical shell called
the phrflgIflOCofle,
wliicl, I. chambered
within, or con,oseil
of a series of shallow
concave abolls pierced
by a IpiiiincIo.a, d. Thio guard or oschet,
which Is commonly
called the belemoite.

* See Phil. 'I'rzms. 1850, p. 3ç)3.
( P. Scrupe, Geol. Proceed. Mardi, 1831.

20

Pig. 868.
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Fig. 864.

.E'unonzia radia(a1 Lumouroux. (CaZamophijilia, Mime Edw.)

a. Section transverse to the tubes.
h. Vertical section, showing the radiation of the tubes.
c. Portion of interior of tubes magnified, showing striated surface.

eter; and having probably required, like the large existing brain-corai

(Mcandrina) of the tropics, many centuries before their growth was

completed.
Different species of (Jrinoideans, or stone-lilies, are also common in

the same rocks with corals; and, like them, must have enjoyed a firm

bottom, where their root, or base of attachment) remained undisturbed

for years (c, fig. 365). Such fossils, therefore, are almost confined to

Fig. 265.

ApiocrInlle8 rOtundu8, or Pear Encrinite; Miller. Fossil at Bradford, Wilts.
a Ston of Apiocrinlte.rç and one of (lie articulations, natural size.b. Section at Bradford of great ooiito and overlying clay, containing the fossil encrinites. Boo test.o. Three perfect Individuals of.Apfocrhzite8, represented as they grow on the surface of tho GreatOohite.
Z Body ofthe ApfOCriflUe8 rotundu,.

the limestones; but an exception occurs at Bradford, near Bath, where
they are enveloped in clay. In this case, however, it appears that the
solid upper surface of the "Great Oolite" had supported, for a time, a
thick submarine forest of these beautiful zoophytes, until the clear and
SO Water was invaded by a current charged with mud, which throw
down the stone., and broke most of their stems short off near the
point of attachment. The stumps still remain in their original position;but the numerous articulations once composing the stem, arms, and bodyof the zoophyte, were scattered at random through the argillaceous de
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posit in which some now lie prostrate. These appearances are lepre
sented in the section b, fig. 365, where the darker strata represent the

Bradford clay, which some geologists class with the Forest marble, oth

ers with the Great Oolite. The upper surface of the calcareous stone

below is completely incrusted over with a continuous pavement, formed

by the stony roots or attachments of the Crinoidea; and besides this evi

dence of the length of time they had lived on the spot, we find great
numbers of single joints, or circular plates of the stern and body of the

encrinite, covered over with serpulce. Now these serpulce could only
have begun to grow after the death of some of the stone-lilies, parts of

whose skeletons had been strewed over the floor of the ocean before the

irruption of argillaceous mud. In some instances we find that, after the

parasitic serpuice were full grown, they had become incrusted over with

a bryozoan, called .l3ercniccz diluviana; and many generations of these

mollusks had succeeded each other in the pure water before they became

fossil.




Fig. 360.

a. Single plate or articulation of an Encrinite overgrown with aerpulcn and bryo:oa. Natural
Film Bradford clay.

b. Portion of the s=e magnified, ahowing the bryozoan Berenloea cliluviana covering one of
the eerpid.

We may, therefore, perceive distinctly that, as the pines and cyca
deous plants of the ancient "dirt bed," or fossil forest of the Lower Pur
beck were killed by submergence under fresh water, and soon buried
beneath muddy sediment, so an invasion of argillaceous matter put a
sudden stop to the growth of the Bradford Encrinites, and led to their

preservation in marine strata.*
Such differences in the fossils as distinguish the calcareous and argil

laceous deposits from each oilier, would be described by naturalists as

arising out of a difference in the stations of species; but besides these,
(here are variations in the fossils of the higher, middle, and lower part
of the oolitic series, which must be ascribed to that great law of change
in organic life by which distinct assemblages of species have been

adapted, at sticcesive geological periods, to the varying conditions of
the habitable surface. In a single district it is difficult to decide how

* For a filer account of tIieu Encrinitc, sec Btick-lanil Bridgewaler Treatise,
t".,I. i. p. 19).
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far the limitation of species to certain minor formations has been due to

the local influence of stations, or how far it has been caused by time or

the creative and destroying law above alluded to. But we recognize

the reality of the last-mentioned influence, when we contrast the whole

oolitic series of England with that of parts of the Jura, Alps, and other

distant regions, where there is scarcely any lithological resemblance;

and yet some of the same fossils remain peculiar in each country to the

Upper, Middle, and Lower Oolite formations respectively. Mr. Thur

man has shown how remarkably this fact holds true in the Bernese

Jura, although the argillaceous divisions, so conspicuous in England, are

feebly represented there, and some entirely wanting.
The Bradford clay above alluded to is sometimes 60 feet thick, but.,

in many places, it is wanting; and, in others, where there are no lime

stones, it cannot easily be separated from the clays of he overlying
"forest marble" and underlying "fuller's earth."
The calcareous portion of the Great Oolite consists of several shelly

limestones, one of which, called the Bath Oolito, is much celebrated as a

building-stone. In parts of Gloucestershire, espedally near Minchin

hampton, the Great Oolitc, says Mr. Lycett, "must have been deposited
in a shallow sea, where strong currents prevailed, for there are frequent
changes in the mineral character of the deposit, and some beds exhibit
false stratification. In others, heaps of broken shells are mingled with
pebbles of rocks foreign to the neighborhood, and with fragments of
abraded madrepores, dicotyledonous wood, and crabs' claws. The shelly
strata, also, have occasionally suffered denudation, and the removed por
tions have been replaced by clay."* In such shallow-water beds shells of

Fig. 868.

Fir. 86?.




Fig. 869.

2br,b,atuZa digona. Furpu"o1dea aodiila(a. nat. stzo. Cflizdritc'a acutua, Sow.Nat.1zo. Bradford clay. Great OoHto, MInchlnhampto. Syn. Aotwon aoutue.
Great OolLto, Mlnohtnhampton.

Fig. 872.Fig. 870. PIg. 3T1.




4.Patella Mom, Sow. .2Trikr eoatuZag(, Rlniula (Emargi,zi:la)Great OoIlto. Great OlRo. cZatFirat,, Sow. Great 0oIIt

Lycet, Geol. Jouri. vol. iv. p. 183.







Cii. XX.) STONESFIEID SLATE. 309

the genera Patella, Nerita, .Rimula, and CyUnclriles are common (see

figs. 369 to 3'12); while cephalopods are rare, and, instead of ammonites

and belomnites, numerous genera of carnivorous trachelipods appear.
Out of one hundred and forty-two species of univalves obtained from the

Minchinhampton beds, Mr. Lycett found no less than forty-one to be car

nivorous. They belong principally to the genera Buccinum, Pleurotoma,

.Rostellaria, Afurcx, Purpuroidea (fig. 368), and Fusus, and exhibit a

proportion of zoophagous species not very different from that which ob

tains in warm seas of the recent period. These chronological results are
"
curious and unexpected, since it was imagined that we might look in

vain for the carnivorous trachelipods in rocks of such hgh antiquity as

the Great Oolite, and it was a received doctrine that they did not begin
to appear in considerable numbers till the Eocene period, when those two

great families of cephalopocla, the ammonites and belemuites, had become

extinct.

Stones.field slate.-The slate of Stonesfield has been shown by Mr.

Lonsdale to lie at the base of the Great Oolite.* It is a slightly
oolitic Shelly limestone, forming large spheroidal masses imbedded in

sand, only 6 feet thick, but very rich in organic remains It contains
some pebbles of a rock very similar to itself, and which may be portions
of the deposit, broken up on a shore at low water or during storms, and

redeposited. The remains of belemnites, trigonia, and other marine

shells, with fragments of wood, are common, and impressions of ferns,

cycadece, and other plants. Several insects, also, and, among the rest,

Fig. the wing-covers of beetles are perfectly preserved (see fig.
313), some of them approaching nearly to the genus Bupres
ts.f The remains, also, of many genera of reptiles, such as
Piciosaur, Crocodile, and Pterodactyl, have been discovered in
the same limestone.
But the remarkable fossils for which the Stonesfield slate

is most celebrated, are those referred to the mammiferous
class. The student should be reminded that in all the rocks
described in the preceding chapters as older than the Eocene,

Elytron of
BprUet no bones of any land quadruped, or of any cetacean, have

.flsld. been discov rcd until the Spalacotlwrium of the Purbeck beds
came to light in 1854 (see above, p. 295). Yet we have seen that ter
restrial plants were not rare in the lower cretaceous formation, and that
in the Wealden there was evidence of freshwater sediment on a large
scale, containing various plants, and even ancient vegetable soils. We
had also in the Same Wealilen many land reptiles and winged insects,
which render the absence of terrestrial quadrupeds the more striking.
The want, however, of any bones of whales, seals, dolphins, and other

aquatic inammalia, whether in the chalk or in the upper or iniddlo
oolite, is Certainly still more remarkable. Formerly, indeed, a 1)0110

Proceedings Geol. Soc. vol. I. p. 414.
f Sec Buck-land's Bridgewater Treatise ; and flroilic's Fossil Insects, where it

is suggested that these clytra may belong to i'riuniia,
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from the great oolite of Enstone, near Woodstock, in Oxfordshire, was

cited, on the authority of Cuvicr, as referable to this class. Dr. Bucklanc],

who stated this in his Biiclgewater Treatise (vol. i. p. 115), had the

kindness to send me the supposed ulna of a whale, that Professor Owen

might examine into its claims to be considered as cetacean. It is the

Fig. 2T&

Bone of a reptile, formerly supposed to be the nina of a Cetacean; from the Great OolIto of
lin8tone, near \Voodstock.

opinion of tb.t eminent comparative anatomist that it cannot have

belonged to the cetacea, because the fore-arm in these marine mammalia
is invariably much flatter, and devoid of all muscular depressions and

ridges, one of which is so prominent in the middle of this bone, rep
resented in the above cut (fig. 374). Iii saurians, on the contrary, such

ridges exist for the attachment of muscles; and to some animal of that
class the bone is probably referable.

These observations are made to prepare the reader to appreciate more
justly the interest felt by every geologist in the discovery in the Stones
field slate of no less than seven specimens of lower jaws of mammiferous
quadrupeds, belonging to three different species and to two distinct
genera, for which the names of AmpiLitlicriurn and Phascolotlzcriurn
have been adopted. Men Cuvier was first shown one of these fossils
in 1818, he pronounced it to belong to a small ferinc mammal, with a
jaw much resembling that of an opossum, but differing from all known
ferine genera, in the great number of the molar teeth, of which it had
at least ten in a row. Since that period, a much more perfect specimenof the same fossil, obtained by Dr. Buckland (see fig. 375), has been

Fig. 8Th.
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AlflJ)iIi(/te,.ju,n 1't(VO8(i11 Ciii'. j,. Stnnc.IkI 'I shtt'.a. Coronold procc.,. b. Condy)o. c. Angle uIJuw. d. Double-fngotI MAMA
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examined by Prof. Owe; who finds that the jaw g. 8W.

contained on the whole twelve molar teeth, with
the socket of a small canine, and three small
incisors, which are in situ, altogether amount-

£ " . AmpMt1eriuim lJradøripf4
ing to sixteen teeth on each side of the lower Ovon. Net. size. Stonosfiold
jaw.

slate.

The only question which could be raised respecting the nature of these
fossils was, whether they belonged to a maminifer, a reptile, or a fish.
Now on this head the osteologist observes that each of the seven half

)aws is composed of but one single piece, and not of two or more sepa
rate bones, as in fishes and most reptiles, or of two bones, united by a
suture, as in some few species belonging to those classes. The condyle,
moreover (b, fig. 375), or articular surface, by which the lower jaw unites
with the upper, is convex in the Stonesfiold specimens, and not concave
as in fishes and reptiles. The coronoid process (a, fig. 375) is well de

veloped, whereas it is wanting, or very small, in the inferior classes of ver
tebrata. Lastly, the molar teeth in the AmplLitheriulm and .Plza8colo
therium have complicated crowns, and two roots (see d, fig. 375), in
stead of being simple and with single fangs.*
The only question, therefore, which could fairly admit of controversy

was limited to this point, whether the fossil maminalia found in the
lower oolite of Oxfordshire ought to be referred to the marsupial quad
rupeds, or to the ordinary placental series. Cuvier had long ago pointed
out a peculiarity in the form of the angular process (c, figs. 380 and

381) of the lower jaw, as a character of the genus Dideiphys ; and Prof.

Fig. 3fl.




(. 7'apaia Tana.
RIAt rauius of lowerJaw,

natural sho.
A recent Insectivorous mammal from

Fig. 878. Fig. 70.

1

Part oflower Jaw of Tapala 7:na;
twice natural lzo.

Fig. 299. End view seen from behind. showingtile very slight inflection of tho anglo at c.
Fig. 200. Sido view ofsame.




Fig. 350.

a

6_..

Part of lower jaw of DIi1elplsy. ilzarw;
recent, IrazlI. Natural bizo.

Fig. 201. End view seen from behind, showing
tim inflection of the anglo of the jaw, ' d.

Fig. 292. Stile view of sanlO.

* have given a figure in the Principles of Geology, chap. ix., of another
Stoneafield specimen of A;i.p/dthrium l'rcvostil, in which the Rockets and roots
of the teeth are finely exposed.




Fig. 8S.
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Owen has since established its generality in the entire marsupial series.

In all these pouched quadrupeds, this process is turned inwards, as at c

fig. 380, in the Brazilian opossum, whereas in the placental series, as at c,

figs. 3'18 and $79, there is an almost entire absence of such inflection,

The Tupai Tana of Sumatra has been selected by my friend Mr. Water

house for this illustration, because that small insectivorous quadruped

bears a great resemblance to those of the Stonesfield Ainpitliherium. By

clearing away the matrix from the specimen of .AmphillLeriu?Th Preuoslii

above represented (fig. 375), Prof. Owen ascertained that the angular pro

cess (c) bent inwards in a slighter degree than in any of the known mar

supialia; in short, the inflection does not exceed that of the mole or

hedgehog. This fact turns the scale in favor of its affinities to the placental

iusecti 'ora. Nevertheless, the AmpiLUlLerluin offers some points of approxi

ination in its osteology to the marsupials, especial'. to the .3fyrmccobius, a

small insectivorous quadruped of Australia, which has nine molars on each

side of the lower jaw, besides a canine and three incisors.

Another species of .ilmplutheriuni has been found at Stonesfield (fig.
3'lO, p. 311), which differs from the former (fig. 375) principally in being

larger.
The second mammiferous genus discovered in the same slates was

named originally by Mr. Broderip .Didclphys Bucklandi (see fig. 382),

Fig. 3S2.

t

P1aa8colot1eriunI IIUclthzn(Zi, Broderip, sp.
a. Natural size. b. Molar of same magnified.

and has since been called P1iascolo11ie,ium by Owen. It manifests a
much stronger likeness to the marsupials in the general form of the jaw,
and in the extent and position of its inflected angle, while the agreement
with the living genus .Didelphys in the number of the premolar and molar
teeth is complete.t
On reviewing, therefore, the whole of the osteological evidence, it will

be seen that we have every reason to presume that the Arnplillieriuim
and P1iascolot1e,"jun of Stonesfield represent both the placental and mar
supial classes of manunalia; and if so, they warn us in a most emphatic
manner, not to found rash generalizations respecting the non-existence of
certain classes of animals at particular periods of the past on mere negative evidence. The singular accident of our liavjnn as yet found nothingbut the lower jaws of seven individuals, and no other bones of their skeletons, 1 alone sufficient to demonstrate the fragmentary manner in which
the memorials of an ancient terrestrial fauna arc handed down to us.

A figure of this recent Myr,ncob111 will be found in the Principles, chap. ix.f Owen's British Fossil Mununns, p. 62.
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We can scarcely avoid suspecting that the two genera above described

may have bornd a like insignificant proportion to the entire assemblage
of warm-blooded quadrupeds which flourished in the islands of the

oolitic sea.
Prof. Owen has remarked that, as the marsupial genera, to which the

.Phascolotlzeriurn is most nearly allied, are now confined to Now South

Wales and Van Dieman'B Land, 60 also is it in the Australian seas, that

we find the Cestracion, a cartilaginous fish
which has a bony palate allied to those called Ffg. 3.

Acrodus (see fig. 412, p. 321) and Stroplwcius,
so common in the oolite and lias. In the same
Australian seas, also, near the shore, we find

the living Trigonia, a genus of mollusca so fre

quently met with in the Stonesfield slate. So,
also, the Araucarian pines are now abundant,

together with ferns, in Australia and its islands. PorUon of a fossil fruit or Po
ns they were in Europe in the oolitic period.
Endooens of the most perfect structure are met itifirior OolIte, Charwouth,

Dorset.
with in ooliuc rocks, as, for example, the Podo-

carya of Buck-land, a fruit allied to the Pandanu; found in the Inferior

Oollte (see fig. 383).
The Stonesfield slate, in its range from Oxfordshire to the northeast, is

represented by flaggy and fissile sandstones, as at Collyweston in North

amptonshire, where, according to the researches of Messrs. Ibbetson and

Morris,* it contains many shells, such as Trigonia anqulata, also found

at Stonesfield. But the Northamptonshire strata of this age assume a

more marine character, or appear at least to have been formed farther

from land. They inclose, however, some fossil ferns, such as Fecqpteris

polypodioides, of species common to the oolites of the Yorkshire coast,
where rocks of this age put on all the aspect of a true coal-field; thin
seams of coal having actually been worked in them for more than a

century.
In the northwest of Yorkshire, the formation alluded to consists of an

upper and a lower carbonaceous shale, abounding in impressions of plants,
divided by a limestone considered by many geologists as the
representa-tiveof the Great Oolito but the scarcity of marine fossils makes all com

parisons with the subdivisions adopted in the south extTcmely difficult
A rich harvest of fossil ferns has been obtained from the upper cathona
ceous shales and sandstones at Gristhorpe, near Scarborough (see figs.
384, 385). The lower shales arc well exposed in the sea-cliffs at Whitby,
and are chiefly characterized by ferns and cycadea. They contain, also,
a species of cainmite, and a fossil called Equisclu;n columnare, which
maintains an upright position in sandstone strata over a wide area.
Shells of Est1eria and Unlo, collected by Mr. Beau from these Yorkshire

coal-bearing beds, point to the estuary or fluviatile origin of the deposit.
Ibboton and Morris, Report of Brit. Ass., 1817, p. 1,11 ; and Morrio, GeoL

Journ., ix. p. 38.1.
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Fig. 884.

Fig. 38.5.

.Tk,nUelikj llrownii, Goepp.
Syn. PMebopleri8 conligua, LIDd. fluLt.

Upper carbonaceous strata, Lower OolIte, Gristliorpe, Yorkshire.

At Brora, in Suther]andsbire, a. coal formation, probably coeval with
the above, or belonging to some of the lower divisions of the Oolitio
period, has been mined extensively for a century- or more. It affords the
thickest stratum of pure vegetable matter hitherto detected in any sec-
ondary rock in England. One seam of coal of good quality has been
worked 3. feet thick, and there are several feet more of pyritous coal
resting upon it

Fuller's Earth (/, Tab. p. 291).-Between the Great
Fig. SMand Inferior Oolite, near Bath, an argillaceous deposit,culled "the fuller's earth," occurs; but it is wanting in

the north, of England. It abounds in the small oysterrepresented in fig. 380.
Inferior Oolite.-Thjs formation consists of a calcare-

tP
O8tres acuminata.

FulIor's Earth.otis freestone, usually of small thickness, which sometimesrests upon, or is replaced by, yellow sands, called the sands of the InferiorOollte. These last, in their turn, repose upon the has in the south andwest of England. Among the characteristic shells of the Inferior Oohite,I may instance Tercbratul finbria (fig. 38'7), l?lqjncltonella spiw8a(fig. 388), and PlLoladomya fidicula (fig. 380). The extinct genusPleurotomaria is also a foriii very common iii this division as well as inthe Oolilic system generally. It resembles the Trocizus in form, but is

Pleropliyllurn cornplum. Syn. Cvycadiles COmj)1u8.
Upper sandstone and shale, Gristhorpe, near Scarborough.
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Fig. 88?.




Fig. 888.




Fig. 399.

a. P/oZadomyajZdk1:Za. nat. bizo. Int. Ool.
b. Heart-5bapod antorlor termination of tho

same.
Threbratula.fimbria. .fl1ync1ionefla epino8a.

Inferior Oollte. Inferior OoIlto.

Fig. 890.




Film 891.




Fig. 802.

PZeu,o1omaria ranulata. P/eurotsniaria ornala, Sow. Bp. J)!rnoetr ringen.c.
FernigInou OolIto. Normandy. Inferior OolIte. Inf. OoL 5omcrscthIre.

Inferior Oolite, England.

marked by a deep cleft (, fig. 390, and fig. 391) on the right side of the

mouth. The Dysaster ringens (fig. 392) is an Echinoderm common to

the Inferior Oolite of England and France, as are the three Ammonites of

w* hich representations are hero given (figs. 393, 394, 305).

Fig. 898.

Ainmon il'R flit liiJ)lsre8la fl 1(8.
Inferior Oulite.




a

As illustrations of shells having a great vertical range, 1 may allude to

Trigonia clai'dlla!a, found in the Upper and Inferior Ooli(c, and T. coslala,

common to the Upper, Middle, and Lower Oolitc; also Osirca AfarslLii

(fig. 390), common to the Conibrahi of Wilts and the Inferior Oolite of

Yorkshire; and ilm7noniies striatulus (fig. a97) common to the Inferior

Oolite umid Liaq.
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a Pig. 304.




b

Ammonites murgari(c1tu8, D'Orb. Syn. A. Soke(I, Sow.
LIM.

Pig. 898.




Ammonites Braikenridgit, Sow.
Great Oollto1 Scarborough.

Inf. Ool. Dundry; Calvados; &c.

Fig. 30?.

Ammonites .triatulua, Sow.
& nat. size.

Inferior Oolito and Vas.

Such facts by no menus invalidate the general rule, that certain fossils
are good chronological tests of geological periods; but they serve to
caution us ngainst attaching too much importance to single species, some
of which may have a wider, others a more confined vertical range. We
have before seen that, in the successive tertiary formations, there are spe-
cies common to older and newer groups, yet these groups are distinguishable from one another by a comparison of the whole assemblage of fossil
shells proper to each.

Oatrca 3taralilI. a nat, size.
Middle and Lower Oolik.




Fig. 805.
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CHAPTER XXI.

JURASSIO GROtTr-continued. LIAS.

Mineral character of Lias-Name of Oryphite limestone-Fossil shells and fish

Radiata-Iebthyodorulites-Reptiles of the Lias-Ichthyosaur and Plesiosaur
-Marine Reptile of the Galapagos Islands-Sudden destruction and burial of
fossil animals in Lias-Fluvio-marine beds in Gloucestershire, and insect lime
stone-Fossil plants-Origin of the Oolite and Line, and of alternating calca
reous and argillaceous formations-Oolitic coal-field of Virginia, in the United
States.

LIAS.-The English provincial name of Lias has been very generally
adopted for a formation of argillaceous limestone, marl, and clay, which
forms the base of the Oollte, and is classed by many geologists as part of

that group. They pass, indeed, into each other in some places, as near

Bath, a sandy marl called the rnarlstone of the Lias being interposed,
and partaking of the mineral characters of the has and the inferior oolite.

These last-mentioned divisions have also some fossils in common, such as

the Avicuta in(Equivczlvz8 (fig. 398). Nevertheless, the Lias may be

Fig. 899.

Pig 808.

At1cuZa inquivalv1a, Sow. i1vicuZa cignfpee, Phil.
Lower OolIte. Maristone, Gloucester8htro; Lias, Yorkshire.

traced throughout a great part of Europe as a separate and independent
group, of considerable thickness, varying from 500 to 1000 feet, contain

ing many peculiar fossils, and having a very uniform lithological aspect.
Although usually conformable to the oolito, it is sometimes, as in the
Jura, unconformable. In the environs of Lons-lo-Saulnier, for instance,
in the department of Jura, the strata of has are inclined at an angle of
about 45°, while the incumbent oohitic mans are horizontal.
The peculiar aspect which is most characteristic of the Lias in Eng

land, France, and Germany, is an alternation of thin beds of blue or gray
limestone, having a surface which becomes light-brown when weathered,
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these beds being separated by dark-colored narrow argilJaceous partings,

so that the quarries of this rock, at a distance, assume a striped and

riband-like appearance.*
The Lias comprises, 1, the Upper Lias-thin limestone beds with clay

and shale; 2, the Marlstoue-a coarse shelly limestone; and 3, the

Lower Lias-consisting of limestone, shells, and clay. These divisions

have certain fossils in common, and in sonic places pass the one into tl

other.

Although the prevailing color of the limestone of this formation is

blue, yet some beds of the lower has are of a yeowisli white color, and

have been called white has. In some parts of France, near the Vosges
mountains, and in Luxembourg, AL E. do Beaumont has shown that the

has containing Gryp1za arcuata, Plagiosloma giganteuim (see fig. 400),
and other characteristic fossils, becomes arenaccous; and around the Hartz,
in Wcstphalia and Bavaria, the inferior parts of the has are sandy, and
sometimes afford a building-stone.

The name of Gryphite limestone has sometimes been applied to the
Has, in consequence of the great number of shells which it contains of a

Fig. 400.




Fig. 401.

G,/pi(ra incurva1 Sow.
(G. arcuah; Lam.)

L1u3.

Species of Oyster, or Gryplicca (fig. 401; see, also, fig. 30, P. 29). A
large heavy shell called Hippopodiu;m (fig.. 402), allied to Isocarduz, is
also characteristic of the lower has shales. Time Lias formation is also
remarkable for being the oldest of the secondary rocks in which brachi
opoda of the genera Spirper and Leplcena (figs. 403, 404) occur: noIM than nine species of Spirfers are enumerated by Mr. Davidson as
belonging to the This. These palliobranchiate mohlusca predominategreatly in strata older than the trias; but, so far as we yet know, theydid not survive the liassic epoch. The marine beds of time has also aboundin CCph1ahopod of the genera Belcm,mjjcs, Nautilus, and Ammonites (seefigs. 405, 406, 40'7).
Among the Crinoids or of the Lias, Pentacrinus Briareu8

*
Conyb. and Phil. p. 201.

Ptaglostoma (fJzna) gigañteurn, Sow.
lilt Ool. and LIa.







O. XXL] FOSSILS OF TUE LIAS. 319

Fig. 402.




]?g. 403.

Spi;jfrr WaZcoW Sew.
Lower Lias.

Fig. 404.

J,J)t(rna Moorel, Day.
Upper Lbs, Umtnstcr.

Fig. 406.

Fig. 405.

I.
.Nautilu! truncatu.s. Lias.

Fig. 40T.




1




..4,flinoni1'R J3I"frone, Drug.
A. Wateotil, sow.
Upper Lbs bales.

(fig. 408) is conspicuous. Of Opliloderma Jqertoiil (fig. 400), referable

to the Opleiurw of MU1hr, perket pCeiindlls have been met wiih in the

iiiui4i 'ne bei1 of Dorset :uiii \oi'k1ii i.e.




Arnrnoni¬e. .Nodotianus I'
A. 8(riatuZus, Bow.

IJs&

Hippopodiu n ponch'ro' urn, Sow.
diem. Lias, Clioltenbaui.
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Fig. 409.




Fig. 409.

The Extracrinus Briareus (removed by Major Austin from Pentacri-

nus on account of generic differences) occurs in tangled masse; forming
thin beds of considerable extent, in the Lias of. Dorset, Gloucestershire,
and Yorkshire. The remains are often highly charged with pyrites.
This Crinoid, with its innumerable tentacular arms, appears to have been

frequently attached to the drift-wood of the hassle sea, in the same man

ner as Barnacles float about at the present day. There is another species
of Exiracrinus and several of Pentacrinus in the has; and the hatter

genus is found in nearly all the formations from the has to the London

clay inclusive. It is represented in the present seas by the delicate and
rare Pentacrinus Uapza-rncclusca of the Antilles; and this indeed is

perhaps the only surviving member of the great and ancient family of
the Ormoids, so widely represented throughout the older formations by
the genera Taxocrinu; ./lctznocrznus, Cyatlzoc;'inus, Eiwrinus, Apiocri
nus, and many others.

The fossil fish re- a Fig. 410.
sellable generically
those of the oolit

belonging all, ac-




ii. . - .. -. ".
cording to M Agas-

- 7 c-J

:, dc
or the most part

.i:
from the ichthyoBts
of the Cretaceous PC- a. Two o

Op1iiod'rma Egerton 1, E. Forbes.
Lias Marlstono1 Lymo Regis.

£trtracrlnuR Briareu& nal size.
(Body, arms, and part ofatom.)

Vas, LyinG Regis.







Ca. XXL] FOSSILS OF THE LIAS. 321.

iiocl. Among them is a species of Lepidotus (L. gigas, .Agas.), fig. 410,

which is found in the has of England, France, and Germany.* This

genus was before mentioned (p. 262) as occurring in the Wealden, and

is supposed to have freqrninted both rivers and coasts. Another genus
of Ganoids (or fish with hard, shining, and enamelled scales), àallcd

..'chmodus (see fig. 411), is almost exclusively Liassic. The teeth of a

species of Acrodus, also, are very abundant in the has (fig. 412).

b. Scales of .Ed&rnodu a. .dfhniodus Restored outline.
Leac)ili.




Fig. 412.




C

o. Scales of Dap6.
dius rnoni1lfr.

Acrodtia nobW, Ages. (tooth); commonly called fossil leach.
Lies, Lyine Regis and Gorinnny.

But the remains of fish which have excited more attention than any
others, are those large bony spines called iclLtlLyociorulitcs (a, fig. 413),
which were once supposed by some naturalists to be jaws, and by others

Fig. 413. b

weapons, resembling those of the living Balisles and Silurus; but which
M. Agassiz has shown to be neither the one nor the other. The spines,
in the genera last mentioned, articulate with the backbone, whereas there
are no signs of any such articulation in the ichthiyodoruhites. These last

* Agassiz, Pois. Foe. vol i. tab. 28, 2.
21

a 31g. dli.

Hybodui rdlcutatu,, Ages. Lies, Lymo Regis.
a. Part of fin, commonly called Iclitisyodoruitte.
b. Tooth.







32 REPTILES OF THE WAS. [Cu.. XXI.

appear to have been bony spines which formed the anterior part of th

dorsal fin, like that of the living genera Cestrczcion and Chima?rci (see a,

fig. 414). In both of these genera, the posterior concave face is armed

Fig. 414.
Ii




-
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Chimera mondrosa.0
a. Spine forming anterior part of the dor&d fin.

with small spines, as in that of the fossil Hybodus (fig. 413), one of the

shark family found fossil at Lyme Regis. Such spines are simply imbed

ded. in the flesh, and attached to strong muscles. "They serve," says
Dr. Bucidauci, "as in the Chiniwra (fig. 414), to raise and depress the

fin, their action resembling that of a movable mast, raising and lowering
backwards the sail of a bargc."f

Reptiles of the Lius.-It is not., however, the fossil fish which form
the most striking feature in the organic remains of the Lias; but the

reptiles, which are extraordinary for their number, size, and structure.

Among the most singular of these are several species of Ichthyosaurus and
Plesiosaurus (figs. 415, 416). The genus Iclithyosaurus, or fish-lizard,
is not confined to this formation, but has been found in strata as high
as the lower chalk of England, and as low as the trias of Germany,
a formation which immediately succeeds the has in the descending
order.t It is evident from their fish-like vertebra, their paddles, re-
sembling those of a porpoise or whale, the length of their tail, and other
parts of their structure, that the habits of the Ichthyosaurs were aquatic.
Their jaws and teeth show that they were carnivorous; and the half
digested remains of fishes and reptiles, found within their skeletons, in
dicate the precise nature of their food.
A specimen of the hinder fin or paddle of Ichtlqjosaurus comniufliS

was discovered in 1840 at Barrow-on-Soar, by Sir P. Egerton, which
distinctly exhibits on its posterior margin the remains of cartilaginous
rays that bifurcate as they approach the edge, like those in the fin of a
fish (see a, fig. 417). It had previously been supposed, says Prof. Owen,that the locomotive organs of the Icbthyosaurus were enveloped, while
living, in a smooth integument, like that of the turtle and porpoise,which has no other support than is afforded by the bones and ligamentswithin; but it now appears that the fin was much larger, expanding far

k Agassiz, Poifl9 Fosj10s, vol. III. tab. 0. fig. 1.t Bridgewat Treatise, p. 200. Ibid. p. lOB. § Ibid. p. 187.
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beyond its osseous framework, and deviating widely in its fish-like rays
from the ordinary reptilian type. In fig. 417, the posterior bones, or

digital ossicles of the paddle, are seen near b; and beyond these is the
dark carbonized integument of the terminal half of the flu, the outline
of which is beautifully defined.* Prof. Owen believes that, besides the

fore-paddles, these short and stiff-necked saurians were furnished with a
tail-fin without radiating bones, and purely tegumentary, expanding in a
vertical direction; an organ of motion which enabled them to turn
their heads rapidly.j

" Geol. Soc. Transact. Second Series, voL vi. p. 100, pL xx.
j GdoL Soc. Transact. Second Series, vol. v. p. 511.
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Mr. Conybeare was enabled, in 1824, after examining many skeleton

nearly perfect, to give an ideal restoration of the osteology of this genus,

and of that of the Plesiosaurus.* (See figs. 415, 416.) The latter an

imal had an extremely long neck and small head, with teeth like those

of the crocodile, and paddles analogous to those of the Ichiltyosaurus,

but larger. It is supposed to have lived in shallow seas and estuaries,

and to have breathed air like the Ichthyosaur, and our modern cetacea.f
Some of the reptiles above mentioned were of formidable dimensions.

One specimen of Icidhyosaurus platyodon, from the ilas at Lyme, now in

the British Museum, must have belonged to an animal more than 24

feet in length; and another of the Plesiosaurus, in the same collection,
is 11 feet long. The form of the Icltizyosaurus may have fitted it to
cut through the waves like the porpoise; but it is supposed that the
.Plesiosaurus, at least the long-necked species (fig. 416), was better
suited to fish in shallow creeks and bays defended from heavy breakers.

In many specimens both of Ichthyosaur Ad Plesiosaur the bones of the
head, neck, and tail are in their natural position, while those of the rest
of the skeleton are detached and in confusion. Mr. Stutchburg has

suggested that their bodies after death became inflated with gases, and,
while the abdominal viscera were decomposing, the bones, though dis
united, were retained within the tough dermal covering as in a bag, until
the whole, becoming water-logged, sank to the bottom4 As they be
longed to individuals of all ages, they are supposed, by Dr. Buckland,
to have experienced a violent death; and the same conclusion might also
be drawn from their having escaped the attacks of their own predaciousrace, or of fishes, found fossil in the same beds.

For the last twenty years, anatomists have agreed that these extinct
auiians must have inhabited the sea; and it was urged that, as there
are flow chelonians, like the tortoise, living in freshwater, and others,

" Gaol. Trans. Second Series, vol. 1. pi. 'IC.
f Conybear0 and Do la Beche, Gaol. Trans. 1st Ser. vol. v. p. 550; and Backland, Bridgw. Treatise, p. 203.

Quarterly Geol. Journal, vol. ii. p. 411.

Posterior part of hind fin or paddlo of Icidinjosaurus COTflflUUZ8.
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as the turtle, frequenting the ocean, so there may have been formerly
some saurians proper to salt, others to fresh water. The common croco

dile of the Ganges is well known to frequent equally that river and the

brackish and salt water near its mouth; and crocodiles are said m like

manner to be abundant both in the rivers of the Isla do Pinos (or Isle of

Pines), south of Cuba, and in the open sea round the coast. More re

cently a saurian has been discovered of aquatic habits and exclusively
marine. This creature was found in the Galapagos Islands, during the

visit of H. M. S. Beagle to that archipelago, in 1835, and its habits

were then observed by Mr. Darwin. The islands alluded to are situated

under the equator, nearly 600 miles to .ho westward of the coast of
South America. They are volcanic, some of them being 3000 or 4000
feet high; and one of them, Albemarle Island, '75 miles long. The
climate is mild; very little rain falls; and, in the whole archipelago,
there is only one nil of fresh water that reaches the coast The soil is
for the most part dry and harsh, and the vegetation scanty. The bids,

reptiles, plants, and insects are, with very few exceptions, of species
found nowhere else in the world, although all partake, in their general
form, of a South American type. Of the mammahia, says Mr. Darwin,
one species alone appears to be indigenous, namely, a large and peculiar
kind of mouse; but the number of lizards, tortoises, and snakes is so

great, that it may be called a land of reptiles. The variety, indeed, of

species is small; but the individuals of each are in wonderful abundance.
There is a turtle, a large tortoise (Testudo .Tnclicus), four lizards, and
about the same number of snakes, but no frogs or toads. Two of the
lizards belong to the family Iguanidce of Bell, and to a peculiar genus
(Amblyrkynchus) established by that naturalist, and so named from
their obtusely truncated head and short snout.* Of these lizards one
is terrestrial in its habits, and burrows in the ground, swarming every
where on the land, having a round tail, and a mouth somewhat resem

bling in form that of the tortoise. The other is aquatic, and has its tail
flattened laterally for swimming (see fig. 418.) "This marine saurian,"

Fig. 418.

An, b1yr1ync7ii,i crl8ta(UR, Bell. L'nelh varying fr'ni 3 to 4 feet The only existing marine
lizard nuw known.

a. Tooth, naturAl size and :iingniflcd.

Apvç, rnnUy!4, blunt ; and uyoc, r/i"/7Lc/u¬s1 snout.
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says Mr. Darwin, "is extremely common on all the islands throughout

the archipelago.
It lives exclusively on the rocky sea-beaches, and I

never saw one oven ten yards inshore. The usual length is about a

yard, but there are some even 4 feet long. It is of a dirty black color,

sluggish in its movements on the land; but, when in the water, it swims

with perfect ease and quickness by a serpentine movement of its body

and flattened tail, the legs during this time being motionless, and closely

collapsed on its sides. Their limbs and strong claws are admirably

adapted for crawling over the rugged and fissured masses of lava which

everywhere form the coast. In such situations, a group of six or seven

of these hideous reptiles may oftentimes be seen on the black rocks, a

few feet above the surf, basking in the sun with outstretched legs.
Their stomachs, on being opened, were found to be la:gely distended

with minced sea-weed, of a kind which grows at the bottom of the sea

at some little distance from the coast. To obtain this, the lizards go out

to sea in shoals. One of these animals was sunk in salt-water, from

the ship, 'with a heavy weight attached to it, and on being drawn up

again after an hour it was quite active and unharmed. It is not yet
known by the inhabitants where this animal lays its eggs; a sin

gular fact, considering its abundance, and that the natives are well

acquainted with the eggs of the terrestrial Amblyritynchu; which is also
herbivorous.'*

In those deposits now forming by the sediment washed away from the

wasting shores of the Galapagos Islands the remains of saurians, both of
the land and sea, as well as of chelonians and fish, may be mingled with
marine shells, without any bones of land quadrupeds or batrachian rep
tiles; yet even here we should expect the remains of marine mammalia
to be imbedded in the new strata, for there are seals, besides several
kinds of cetacea, on the Galapagian shores; and, in this respect, the
parallel between the modern fauna, above described, and the ancient one
of the has, 'would not hold good.

Sudden destruction of saurians.-It has been remarked, and truly,that many of the fish and saurians, found fossil in the has, must have
met with sudden death and immediate burial; and that the destructive
operation, 'whatever may have been its nature, was often repeated."Sometimes," says Dr. Buckland, "scarcely a single bone or scale has
been removed from the place it occupied during life; which could not
have happened had the uncovered bodies of these saurians been left,even for a few hours, exposed to putrefaction, and to the attacks of fishes,and other smaller animals at the bottom of the sea."f Not only are theskeletons of the Ichthyosaurs entire, but sometimes the contents of theirstomachs still remain between their ribs, as before remarked, so that wecan discover the particular species of fish on which they lived, andthe form of their excrements. Not

unfrequently there are layers ofthese coprollp, at different depths in the has, at a distance from any

Dnrwn'8 Journal, chap. xix. f Brdgow. Treat. p. 126.
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entire skeletons of the marine lizards from which they were derived "as
if;" says ir H. De la Beehe, "the muddy bottom of the sea received
small sudden accessions of matter from time to time, covering up the

coprolites and other exuvia which had accumulated during the inter
vals."* It is farther stated that, at Lyme Regis, those surfaces only of
the coprolites which lay uppermost at the bottom of the sea have suf

fered partial decay, from the action of water before they were covered
and protected by the muddy sediment that has afterwards permanently
enveloped them.f
Numerous specimens of the Calamary, or pen-and-ink fish (Ocoleuthis

Bollenth, Schuble sp.) have also been met with in the has at Lyme, with

the ink-bags still distended, containing the ink in a dried state, chiefly
composed of carbon, and but slightly impregnated with carbcate of
lime. These cephalopoda, therefore, must, like the saurians, have been
soon buried in sediment; for, if long exposed after death, the membrane

containing the ink would have decayed.
As we know that river fish are sometimes stifled, even in their own

element, by muddy water during floods, it cannot be doubted that the

periodical discharge of large bodies of turbid fresh water into the sea

may be still more fatal to marine tribes. In the Principles of Geology
I have shown that large quantities of mud and drowned animals have
been swept down into the sea by rivers during earthquakes, as in Java,
in 1699; and that undescribabie multitudes of dead fishes have been
seen floating on the sea after a discharge of noxious vapors during simi
lar convulsions. But, in the intervals between such catastrophes, strata

may have accumulated slowly in the sea of the has, some being formed

chiefly of one description of shell, such as ammonites, others of gryphites.
From the above remarks the reader will infer that the Has is for the

most part a marine deposit. Some members, however, of th series,

especially in the lowest part of it, have an estuary character, and must
have been formed within the influence of rivers. In Gloucestershire,
where there is a good typo of the has of the West of England, it has
been divided into an upper mass of shale with a base of marlstono, and n
lower series of shales with underlying limestones and shales. We learn
from the researches of the Rev. P. B. Brodie,II that in the superior of
these two divisions numerous remains of insects and plants have been
detected in several places, mingled with marine shells; but in the infe
rior division similar fossils are still more plentiful. One band, rarely
exceeding a foot in thickness, has been named the "insect limestone." It
passes upwards into a shale containing C'qpris and Esllzcria, and is

charged with the wing-cases of several genera of coleoptera, and with
some nearly entire beetles, of which the eyes are preserved. The nor
vures of the wings of neuropterous insects (fig. 419) are beautifully per-
* Ocologiciti Researches, p. 834.
+ l3uckland1 Biidgew. Treat. p. 307. Ibid.
See Principles, Index, Lnnceroto, Graham I1and, Calabria.
A history of Fossil lnMccts, tC. 1816. London.
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feet in this bed. Ferns, with leaves of mo- 
nocotyledouous plants, and some apparently 
hraclish and freshwater shells, nccompany 
the insects in several places, while in others 
marine shells predominate, the fossils varying 
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coral reefs and shelly limestones, after proceeding without interruption
for ages, was liable to be stopped suddenly by the deposition of clayey
sediment Then, again, the argillaceous matter, devoid of corals, was

deposited for ages, and attained a thickness of hundreds of feet, until

another period arrived when the same space was again occupied by cal

careous sand, or solid rocks of shell and coral, to be again succeeded by
the recurrence of another period of argillaceous deposition. Mr. Cony
beare has remarked of the entire group of Oolitc and Lias, that it consists

of repeated alternations of clay, sandstone, and limestone, following each

other in the same order. Thus the clays of the has are followed by the

sands of the inferior oolite, and these again by shelly and coralline lime

stone (Bath oolite, &c.) ; so, in the middle oolite, the Oxford clay is fol

lowed by calcareous grit and "coral rag ;" lastly, in the upper oolite, the

Kimmeridge clay is followed by the Portland sand and limestone. The

clay beds, however, as Sir II. Do Ia Beclie remarks, can be followed
over larger areas than the sands or sandstones.f It should also be re

membered that while the oolitic system becomes arenaccous, and resem
bles a coal-field in Yorkshire, it assumes, in the Alps, an almost purely
calcareous form, the sands and clays being omitted; and even in the

intervening tracts, it is more complicated and variable than appears in

ordinary descriptions. Nevertheless, some of the clays and intervening
limestones do, in reality, retain a pretty uniform character, for distances
of from 400 to 600 miles from cast to west and north to south.

According to M. Thirria, the entire oohitic group in the department of

the Haute Saône, in France, may be equal in thickness to that of Eng
land; but the importance of the argillaceous divisions is in the inverse
ratio to that which they exhibit in England, where they are about equal
to twice the thickness of the limestones, whereas, in the part of France
alluded to, they reach only about a third of that thickness.t In the
Jura the clays are still thinner; and in the Alps they thin out and
almost vanish.

In order to account for such a succession of events, we may imagine,
first, the bed of the ocean to be the receptacle for ages of fine argilla
ceous sediment, brought by oceanic currents, which may have communi
cated with rivers, or with part of the sea near a wasting coast. This
mud ceases1. length, to be conveyed to the same region, either because
the land which had previously suffered (lenudation is depressed and sub

merged, or because the current is deflected in another direction by the
altered shape of the bed of the ocean and neighboring dry land. By
such changes the water becomes once more clear and fit for the growth
of stony zoophytes. Calcareous sand is then formed from comminuted
shell and coral, or, in some cases, arenaceous matter replaces the clay;
because it commonly happens that the finer sediment, being first drilled
farthest from coasts, is subsequently overspread by coarse sand, after the

* Con, and Phil. p. IcO. f Geol. Jtenearcho, p. 337.
J3urat's D'AU1JUISUII, torn. P" 150.
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sea has grown sbaliowo1 or when the laud, increasing in extent, whethet

by upheaval or by sediment filling up parts of the sea, has approached

nearer to the spots first occupied by fine mud.

In order to account for another great formation, like the Oxford clay,

again covering one of coral limestone, we must suppose a sinking down

like that which is now taking place in some existing regions of coral

between Australia and South America. The occurrence of subsidences,

on so vast a scale, may have caused the bed of the ocean and the adjoin

ing land, throughout great parts of the European area, to assume i

shape favorable to the deposition of another set of clayey strata; and

this change may have been succeeded by a series of events analogous to

that already explained, and these again by a third series in similar order.

Both the ascending and descending movements may have been extremely

slow, like those now going on in tli Pacific; and the growth of every
stratum of coral, a few feet of thickness, may have required centuries

for its completion, during which certain species of organic beings disap

peared from the earth, and others were introduced in their place; so that,

in each set of strata, from the Lias to the Upper Oolite, some peculiar
and characteristic fossils were imbedded.

Oolite and Lias of the United Slates.

There are large tracts on the globe, as in Russia and the United States,
where all the members of the oolitic series are unrepresented. In the
state of Virginia, however, at the distance of about 13 miles eastward
ol' Richmond, the capital of that state, there is a regular coal-field oc
curring in a depression of the granite rocks (see section, fig. 421), which

Fig. 421.

042 C3

Section sbowing the geological position or ttio James River, or East Virginian Coal-fiolcL
A. Granite, gneiss, &c. B. Coal-measures.Ci Tertiary atrat.a. D. Drift or a,zclene alluvium.

Professor .W. B. Rogers first correctly referred to the age of the lower
part of the Jurassic group. This opinion I was enabled to confirm after
collecting a large number of fossil plants, fish, and shells, and examiningthe Coal-field throughout its whole area. It extends 26 miles from northto south, and from 4 to 12, from east to west. The plants consist chieflyof Zalnites, calamites, and equisetums, and these last are very commonlymet with in a vertical position more or less compressed perpendicularly.It is clear that they grew in the places where they are w buried instrata of hardened sand and mud. I found them maintaining their erectattitude, at points many miles distant from others, in beds both above
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and between the seams of coal., In order to explain this fact we must

suppose such shales and sandstones to have been gradually accumulated

during the slow and repeated subsidence of the whole region.
It is worthy of remark that the Equisctun columnare of these Virginian

rocks appears to be undistinguishable from the species found in the oolitic

sandstones near Whitby in Yorkshire, where it also is met with in an up

light position. One of the Virginian fossil ferns, Fecoptris Whilbyensis,
is also a species common to the Yorkshire oolites. These Virginian coal

measures are composed of grits, sandstones, and shale; exactly resembling
those of older or primary date in America and Europe, and they rival or

even surpass the latter in the richness and thickness of the coal-seams.

One of these, the main seam, is in some places from 30 to 40 feet thick,

composed of pure bituminous coal. On descending a shaft 800 feet deep,
in the Blackheath mines in Chesterfield county, I found myself in a cham
ber more than 40 feet high, caused by the removal of this coal. Timber

props of great strength supported the roof, but they were seen to bend
under the incumbent weight. The coal is like the finest kinds shipped at
Newcastle, and when analyzed yields the same proportions of carbon and

hydrogen, a fact worthy of notice when we consider that this fuel has been
derived from an assemblage of plants very distinct specifically, and in part
generically, from those which have contributed to the formation of the
ancient or paleozoic coal.
The fossil fish ofthese Richmond strata belong to the liassic genus Tetra

gonolepis (A?chmodus), see fig. 411, and to a new genus which I have
called Dictybpyge. Shells are very, rare, as usually in all coal-bearing de

posits, but a species of Fosidonornya is in such profusion in some shaly
beds as to divide them like the plates of mica in micaceous shales

(see fig. 422).




Fig. 422.

a. or Estheria 7t b. Young of amo.
OolllIo coal-shale, Richmond, Virginia.

In India, especially in Cuteli, a formation occurs clearly referable to the
oolitic and liassic typo, as shown by the shells, corals, and plant.5; and
there also coal has been procured from one member of the group.

See description of the coal-field by tho authors and of the plants by 0. J. F.
Bunburv, Esq., Quart,. Geol. Journ. vol. iii. p. 281.

f Possibly, as suggested by Prof. Morris (Geol. Journ. vol. iii. p. 275), these
delicate bivalves may prove to belong to the crustacean genus E(hcria.
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CHAPTER xxii

TRIAS OR NEW RED SANDSTONE GROUP.

Distinction between New end Old Red Sandstone-Between Upper and Lower

Now Red-Tho Tries and its three divisions-Most largely developed in Ger

inany-Keuper and its fossils-Musehelkalk and fossils-Fossil plants of the

Bunter-Triassic group in England-Bone bed of Axmoutli and Aust-Red

Sandstone of Warwickshire and Cheshire-Footsteps of cheirotherium in Eng
land and Germany_Osteology of the Lalyrint/iodon-IdentificaLion of this

Batrachian with the Cheirotherium-TriflSsiC mammifer-Origin of RedSand

stone and Rock-salt-Hypothesis of saline volcanic exhalations-Theory of the

precipitation of salt from inland lakes or lagoons-Saltncss of the Red Sea

Now Red Sandstone in the United States-Fossil footprints of birds and rep
tiles in the Valley of the Connecticut-Antiquity of the Red Sandstone con

taining them.

BETWEEN the Lias and the Coal, or Carboniferous group, there is in

terposed, in the midland and western counties of England, a great series

of red barns, shales, and sandstones, to which the name of the New

Red Sandstone formation was first given, to distinguish it from other
shales and sandstones called the "Old Red" (c, fig. 423), often identical
in mineral character, which lie immediately beneath the coal (b).

Fig. 423.

The name of" Red Marl" has been incorrectly applied to the red. clays
of this formation, as before explained (p. 13), for they are remarkably
free from calcareous matter. The absence, indeed, of carbonate of lime,
as well as the scarcity of organic remains, together with the bright red
color of most of the rocks of this group, causes a strong contrast between
it and the Jurassic formations before described.

Before the distinctness of the fossil remains characterizing the upperand lower part of the English New Red had been clearly recognized, it
was found canvenieflt to have a common name for all the strata inter
mediate in position between the Lias and Coal; and the term "Poikthtic" was proposed by Messrs. Conybeare and Buckland, from oøcs?os,
variegated, some of the most characteristic strata of this group havingbeen called variegated by Werner, from their exhibiting spots and streaksof light blue, green, and buff color, in a red base.

'Buckim, Bridg. Treat. vol. ii. p. 89.

a. Now red sadatone. 1'. CoaL c. Old rod.
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A single term, thus comprehending both Upper and Lower New Red,

or the Triassic and Permian groups of modem classifications, may still

he useful in describing districts where we have to speak of masses of red

sandstone and shale, referable, in part, to both these eras, but which, in

the absence of fossils, it is impossible to divide.

Trias or Upper New Red Sandalone Group.

The accompanying table will explain the subdivisions generally adopted

for the uppermost of the two systems above alluded to, and the names

given to them in England and on the Continent.




Synonyms.-
German. French.

a. Saliferous and ''

}
Keuper - - Marnes !ris6es.800UB shales and

Tria8 or Upper sandstone -
New Red
Sandstone - 1 6. (wanting in England) Muschelkalk - c Muscbelknlk, on cal

c. Sandstone and quart- Bunter-sand-
caire coquilhior.

zose conglomerate t stein - - }
GB bigarré.

I shall first describe this group as it occurs in Southwestern and

Northwestern Germany, for it is far more fully developed there than

in England or France. It has been called the Trias by German writers,

or the Triple Group, because it is separable into three distinct formations,

called the "Keuper," the "Muschelkalk," and the "Bunter-sandstcin."

The Keuper, the first or newest of these, is 1000 feet thick in WUr

temberg, and is divided by Alberti into sandstone, gypsum, and carbona-

ceous slate-clay. Remains of Reptiles,
Fig. 424. called Nothosaurus and Fliytosaurus, have

vi, 10111H
detached teeth, also, of placoid fish and of
been found in it with Labyrinthodon; the

rays, and of the genera Sauricthys and Gy
t1Bl!thiüJh1 rol.cpis (figs. 433, 434, p. 336). The plantsnil

" of the Keuper are generically very analogous
to those of the Has and oolite, consisting of
ferns, equisetaceous plants, cycads, and coni-

EquIRdlte8 columnarI8, (Ryn.
Equtsefuim colu7nnare.) Frug- 1rs, with a few doubtful monocotyledons. A
meat of stem, and small portion
otsamno magnified. Keuper. few species, such as Equiselites columnaris,

are common to this group, and the oolite.
The iifuschelAalL consists chiefly of a compact, grayish limestone, but

includes beds of dolomite in many places, together with gypsum and
rock-salt. This limestone, a rock wholly unrepresented in England,
abounds in fossil shells, as the name implies. Among the cephalopoda
there are no belemnites, and no ammonites with foliated sutures, as in
the incumbent has and oolite, but a genus allied to the Ammonite, called
Uerailies by Dc ilnan, in which the descending lobes (see a, 6, c, fig. 425)
terminate in a few small denticuhttioris puiiitiiig inwards. Among the

Monog. deB Butiten SILIItiS(CiII.
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b a

a. Side view. b. Front view.
a. Partially denticulated outline of the septa dividing the chambers.

bivalve shells, the Posiclonia niinu(ci, Goldf. (Posiclonomyci minuta,

Bronn) (see fig. 426), is abundant ranging through the Keuper, Muschel

kalk, and Btmter-sandstcin; and Avicula socialis, fig. 427, having a

similar range, is very characteristic of the Musehelkalk in Germany,
France, and Poland.

Fig. 426.

Posicionia n(nuta
Goldt (Poslda.
wmya minu(a
Droon.)

The abundance
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Fig. 42T.

IP::
a. Avicula 8odalia. ?. 814o view of same.

Characteristic of the Muschelkalk.

of the heads and. stems of lily encrinites, Encrinus
lzliforznzs, fig. 428 (or Encinites moniliformis), show
the slow manner in which some beds of this limestone
have been formed in clear sea-water. The star-fish
called .Aspidura loricata (fig. 429) is as yet peculiar

Pig. 429.

t&thivi ZiZIIJormIs Sebloit. Syn. E. inoniliformia.Body, arms, and part ofstem.a. section of Stow.




A8pldura lorlcaea, AgM.
a. Upper side.
b. Lower side.
Mucholka1k.

a Fig. 426.

Pig. 423.
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to the Mnschelkalk. In the same formation are found ganoid fish with
hetorocércal tails, of the genus Flacodus. (See fig. 430.)

Fig. 430. Fig. 431.

The Bun ter-sandsicin consists of various colored sandstones, dolomites,
and red-clays, with some beds, especially in the Hartz, of calcareous piso
]ite or roe-stone, the whole sometimes attaining a thickness of more than
1000 feet.. The sandstone of the Vosges, according to Von Meyer, is

proved, by the presence of Labyrinthoclo.n, to belong to this lowest mem
ber of the Triassic group. At Sulzbad (or Soultz-les-bains), near Stras

burg, on the flanks of the Vosges, many plants have been obtained from
the "bunter," especially conifers of the extinct genus Voltzia, peculiar to
this period, in which even the fructification has been preserved. (See
fig. 431.)

Out of thirty species of ferns, cycads, conifers, and other plants, enu
merated. by M. Ad. Brongniart, in 1849, as coming from the "grea
bigarré," or Bunter, not one is common to the Keuper. This difference,
however, may arise partly from the fact that the flora of "the Bunter"
Las been almost entirely derived from one district (the neighborhood of

Strasburg), and its peculiarities may be local.
The footprints of a reptile (LabyrintiLodon) have been observed on the

clays of this member of the Trias, near Hildburghausen, in Saxony, im
pressed on the upper surface of the beds, and standing out as casts in
relief from the under sides of incumbent slabs of sandstone. To these I
shall again allude in the sequel; they attest, as well as the accompanying
ripple-marks, and the cracks which traverse the clays, the gradual deposi
tion of the beds of this formation in shallow water, and sometimes between
high and low water.




Triassic Group in England.

In England the Lias is succeeded by conformable strata of red and
green marl, or clay. There intervenes, however, both in the neighbor
hood of Axmouth, in Devonshire, and in the clifTh of Westlury and

Tableau des Genres (10 Vg. Foe.) Diet. Univ. 1849.

a. Volt(a lzekrophylZa.. (Syn. VoZfta
brevlfolitz.)1'. Portinu of same magnified to show
fructificatlon. Sulzbnd.

Buutcr-sandstein.

Palatal teeth of Placoclus gigas.
Musehelkalk.
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A.ust, in Gloucestershire, on the banks of the Severn, a dark-colored

stratum, well known by the name of the "bone-bed." It abounds in the

remains of sau1anS and fish, and was formerly classed as the lowest bed

of the Lias; but Sir P. Egerton has shown that it should be referred to

the Upper New Red Sandstone, for it contains an assemblage of fossil fish

which are either peculiar to this stratum or belong to species well known

in the Muselielkalk of Germany. These fish belong to the genera Acro

dus, Hybodus, Gyrolepis, and Saurichihys.

Among those common to the English bone-bed and the Musehelkalk

of Germany are Hybodus pl'icatilis (fig. 432), Saurichthys apicalis

(fig. 433), Gyrolepis tenuistria(us (fig. 434), and G. Albcrtii. Remains

of saurians have also been found in the bone-bed, and plates of an

Encrinus.




Fig. 483. FIg. 434.

Fig. 482.

HybocZus pUcatiZl8. Teeth. Bono-bed.
Aust and Axinouth.




Sauric1a1ya apicalie. Gyrolepia tenuiatrlatue.
Tooth: nat. Izo, and Scale; nat size, and
magnified. Axmouth. magnified. Axmoutb.

The strata of red and green marl, which follow the bone-bed in the

descending order at Axniouth and Aust, are destitute of organic remains;
as is the case, for the most part;, in the corresponding beds in almost
every part of England. But fossils have been found at a few localities in
sandstones of this formation, in Worcestershire and Warwickshire, and
among them the bivalve shell called Posidonia minuta, Goldf., before
mentioned (fig. 426, p. 334).

The upper member of the English "New Red" containing this shell,
in those parts of England, is, according to Messrs. Murchison and
Strickland, 600 feet thick, and consists chiefly of red marl or slate, with
a band of sandstone. Ichthyodorulit;eg, or spines of Hyboclus, teeth of
fishes, and footprints of reptiles were observed by the same geologistsin these strata;* and the remains of a saurian, called I?li.jnchosaurus,have been found in this portion of the Tries at Grinsoll, near Shrews
bury.

In Cheshire and Lancashire the gypseoiis and saliferous red shalesand clays of the Trias are between 1000 and 1500 feet thick. In some
places lenticular masses of rock-salt are interpolated between the argillaceous beds, the origin of which will be spoken of in the sequel.The lower division or English representative of the "Bunter" attains

* Geol. Trans., Sec. Ser., vol. v. p. 318, &c.
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a thickness of 600 feet in the counties last mentioned. Besides red and

green shales and red sandstones, it comprises much soft white quartzose
sandstone, in which the trunks of silicified trees have been met with at

A]lcsley Hill, near Coventry. Several of them were a foot and a half in

diameter, and some yards in length, decidedly of coniferous wood, and

showing rings of annual growth.* Impressions, also, of the footsteps of

animals have been detected in Lancashire and Cheshire in this formation.

Some of the most remarkable occur a few miles from Liverpool, in the

whitish quartzose sandstone of Storton Hill, on the west side of the Mersey.

They bear a close resemblance to tracks first observed in a member of the

Upper New Red Sandstone, at the village of Hesseberg, near Hildburg-
hausen, in Saxony, to which I have already al
luded. For many years these footprints have FIL 485.

been referred to a large unknown quadruped,
provisionally named C'/zeirotlLeriuni by Professor

Kaup, because the marks both of the fore and
hind feet resembled impressions made by a

hu-man

hand. (See 11g. 435.) The footmarks at

Hesseberg are partly concave and partly in re
lief; the former, or the depressions, are seen

upon the upper surface of the sandstone slabs,
but those in relief are only upon the lower sur- Binglo footstep of Cheirollie.

rium. Bunter Sandsteln,
faces, being in fact natural casts, formed in the Saxony; ODO.elgbth of nat.

size.
subjacent footprints as in moulds. The larger
impressions, which seem to be those of the hind foot, are generally 8
inches in length, and 5 in width, and one was 12 inches long. Near
each large footstep, and at a regular distance (about an inch and a half),

Fig. 430.

Lino of footsteps on slab ofsandstone. mldburghauzon, in Saxony.

before it, a smaller print of a fore foot, 4 inches long and 3 inches wide,
occurs. The footsteps follow each other in pairs, each pair in the same
line, at intervals of 14 inches from pair to pair. The large as well as the
small steps show the great toes alternately on the right and left sido;
each step makes the print of five toes, the first or great toe being bent
inwards like a thumb. Though the fore and hind foot differ so much in
size, they are nearly similar in form.
The similar footmarks afterwards observed in a rock of corresponding age

at Stortou Hill, were imprinted on five thin beds of clay, superimposed one

upon the other in the same quarry, and separated by beds of sandstone.
On the lower surface of the sandstone strata, the solid casts of each impres-

" .Biickliincl, Proc. Geol. Sne. vol. ii. p. 430; nnd Murcliison and Stricklarni.
Geol. Trans. Second St.r. vol. v. p 347.




22



338 FOSSIL REMAINS OF LABYE11TflOD0N'. [Cu. XXII

sion are salient, in high relief, and afford models of the feet, toes, and claws

of the animals which trod on the clay. On the same surfaces Mr. 3. Cuii

ningham discovered (1839) distinct casts of rain-drop markings.

As neither in Germany nor in England any bones or teeth had been

met with in the same identical strata as the footsteps, anatomists indulged,

for several years, in various conjectures respecting the mysterious animals

from which they might have been derived. Professor Kaup suggested

that the unknown quadruped might have been allied to the 1farsupialia;

for in the kangaroo the first toe of the fore foot is in a similar manner set

obliquely to the others, like a thumb, and the disproportion between the

lore and hind feet is also very great. But M. Link conceived that some

of the four species of animals of which the tracks had been fotuid in

Saxony might have been gigantic Batraclilans; and Dr. Buckland desig
nated some of the footsteps as those of a small web-footed animal, prob

ably crocodilean.
In the course of these discussions several naturalists of Liverpool, in

their report on the Storton quarries, declared their opinion that each of
the thin seams of clay in which the sandstone casts were moulded bad
formed successively a surface above water, over which the C'heirotIeriuni
and other animals walked, leaving impressions of their footsteps, and that
each layer had been afterwards submerged by a sinking down of the sur
face, so that a new beach was formed at low water above the former, on
which other tracks were then made. The repeated occurrence of ripple
marks at various heights and depths in the red sandstone of Cheshire had
been explained in the same manner. It was also remarked that impres
sions of such depth and clearness could only have been made by animals
walking on the laud, as their weight would have been insufficient to make
them sink so deeply in yielding clay under water. They must therefore
have been air-breathers.
When the inquiry had been brought to this point, the reptilian remains

discovered in the Ti'ias, both of Germany and England, were carefully
examined, by Prof. Owen. He found, after a microscopic investigation of
the teeth from the German sandstone called Keuper, and from the sand
stone of Warwick and Leamington (fig. 437), that neither of them could
be referred to true saurians, although they had been named .Afasto
donsaurus and Plqjtosajrus by Jäger. It appeared that they were ofthe Batrachjaa order, and attested the former ex-
istence of frogs of gigantic dimensions in compari-r, 1g. 48T.
son with any now living. Both the Continentaland English fossil teeth exhibited a most complicated texture, diffln'iog from that previously observed n any reptile, whether recent or extinct butmost nearly dualogous to the Iclahyosaurus. A

Tooth nrLal,,,rlneliodo7z;
flat. size. Warwicksection of one of these teeth exhibits a series of btoue.

irregular folds
resembling the labyrinthic windings of the surface of

I
the brain ; and f"0111 this character Pi-or. Owen has proposed the nameAbyrinthodon for the new genus. The annexed representation (fig.
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438) of part of one is given from his "Odontography," plate 64, A.

The entire length of this tooth is supposed to have been about three

inches and a half; and the breadth at the base one inch and a half.

Pig. 433.

47

Trausvce ecUon of tooth of Labyriniliodon. .TaeQeri, Owen (J.fasfoclonsLxurus Jaeqcri,
Meyer); nat. 1ze, and a segment magnified.

a. Pulp cavity, from wbicb the processes of pulp and dentino radiate.

When Prof. Owen had satisfied himself, from an inspection of the cra
nium, jaws, and teeth, that a gigantic Batrackian had existed at the

period of the Tiias or Upper New Rod Sandstone, he soon found, from
the examination of various bones derived from the same formation, that
he could define three species of Labyrin!1ioa'on, and that in this genus
the hind extremities were much. larger than the anterior ones. . This
circumstance, coupled with the fact of the Lø.i.yrinthodo;z having existed
at the period when the U/zeirot1ierurn footsteps were made, was the first

step towards the identification of those tracks with the newly-discovered
Batrac/ilan. It was at the same time observed that the footmarks of
U/zcirothcrium were more like those of toads than of any other living ani
mal; and, lastly, that the size of the three species of Labyrintlaodon
corresponded with the size of three different kinds of footprints which
had already been supposed to belong to three distinct Clicirotlieria. It
was moreover inferred, with confidence, that the Labyrint/Lodon was an

air-breathing reptile from the structure of the nasal cavity, in which the

posterior outlets were at the back part of the mouth, instead of being
directly under the anterior or external nostrils. It must have respired air
after the manner of SaUriaflS, and may therefore have imprinted on the
shore those footsteps, which, as we have seen, could not have originated
from an animal walking under water.

It is true that the structure of the foot is still wanting, and that a more
connected and complete skeleton is required for demonstration; but the
circumstantial evidence above stated is strong enough to produce the
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conviction that. the C1Cir0114?1 and Labyrinhlzoclon are one and the

same.
In order to show the manner in which one of these formidable BaIra

chians may have impressed the mark of its feet upon the shore, Prof

Owen has attempted a restoration, of which a reduced copy is annexed

Fig. 439.
-_ -

Rc8tQrcd OULIIUC of Labyrint/todon pac1sy1flathU8, Owen.

The only bones of this species at present known are those of the head;

the pelvis, and part of the scapula, which are shown by stronger lines in

the above figure. There is reason, for believing that the head was not

smooth externally, but protected by bony scutella. This character and

the presence of strong conical teeth implanted in sockets, together with

the elongated form of the head, induce many able anatomists, such as

Von Meyer and Mantell, to regard the Labyrinthodons as more allied to
crocodiles than to frogs. But the double occipital condyles, the position
of some of the teeth on the vomer and palatine bones, and other charac
ters, are considered by Messrs. Jägcr and Owen to give them superior
claims to be classed as batrachians. That they occupy an intermediate

place is clear, but too little is yet known of the entire skeleton to enable
us to determine the exact amount of their affinity to one or other of the
above-named great divisions of reptiles.

Triassic .1&fanzmjfer (Zalicrolesics an(iguus, Plieninger).-In the year
184'?, Professor Plieninger, of Stuttgart, published a description of two
fossil molar teeth, referred by him to a warm-blooded quadruped,* which
he obtained from a boue-hrecia in WUrtemberg occurring between the
has and the keuper. As the announcement of so novel a fact has never
met with the attention it deserved, we are indebted to Dr. Raw-, of Stutt
gart, for having recently reminded us of it in his Memoir on the Fossil
Mammalia of Wurteuiberg4

Pig. 440 represents the tooth first found, taken from the plate pub
lished in 184'?, by Professor Phieninger; and fig. 441 is a drawing of the
same executed from the original by Mr. flernianu Von Meyer, which lie
has-been kind enough to send me. Fig. 442 is a second and largermolar, copied from Dr. Jäger's plate lxxi., fig. 15.

I'
Wurtembcrgjscb. Naturwjsei, Jaliresliefte, 3 Jahr. Stuttgart., 1841.f Nov. Act. Acad. Olosnr. Leopold. Nat. Cur. 1850, p. 902. For figures, C8ibid. plate xxi. fig8. 14, 15, la, 1.
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Fig. 440.

211cro1e81e8 antlquue, Pileninger. Molar tooth magni-
fled. Upper Tries, Diegerlocb, near Stuttgart, WUr
trnborg.a. View ofInner side ? . Same, outer ø%do7

.i Same in profile. d. Crown of anme.




Fig. 441.
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U
2fkroioieei aflUQuuS,

Pilen.
View of Same molar
as No. 440. From a
drawing by Her
mann Von Meyer.
a. View of inner

aide?
b. Crown ofsame.

Professor Plieninger inferred in 184'?, from the Fig. 442.

double fangs of this tooth and their unequal size, and
from the form and number of the protuberances or

cusps on the flat crowns, that it was the molar of a

Mammifer; and considering it as predaceous, prob
ably insectivorous, he calls it .Microlestcs, from jixpo,
little, and X, a beast of prey. Soon afterwards, ,

he found the second tooth, also at the same locality, Molar of

Diegerloch, about two miles to the southeast of Stutt-




as large as the 11g.
gart. Some of its cusps are broken, but there seem 440. From the

tiias ofDiegerloch,
to have been six of them originally. From its agree- 6tuUL
ment in general characters, it is supposed by Professor

Plieninger to be referable to the same animal, but as it is four times as

big, it may perhaps have belonged to another allied species. This molar

is attached to the matrix consisting of sandstone, whereas the tooth, fig.
440, is isolated. Several fragments of bone, differing in structure from

that of the associated saurians and fish, and believed to be mammalian,

were imbedded near them in the same rock.
Mr. Waterhouse of the British Museum, after studying the annexed

figs. 440, 441, 442, and the descriptions of Prof. Plieninger, observes,

that not only the double roots of the teeth, and their crowns presenting
several cusps, resemble those of Mammalis, but the cingulum also, or

ridge surrounding the base of that part of the body of the tooth which

was exposed or above the gum, is a character distinguishing them from

fish and reptiles. "The arrangement of the six cusps or tubercles in two

rows, in fig. 440, with a groove or depression between them, and the

oblong form of the tooth, lead him, lie says, to regard it as a molar of the

lower jaw. Both the teeth differ from those of the Stoncsfleld Mammalia,

but do not supply sufficient data for determining to what order they be

longed.
Professor Plieninger has sent me a cast of the smaller tooth, which

exhibits well the characteristic mammalian test, the double fang; but
Prof. Owen, to whom I have shown it, is not able to recognize its affinity
with any mammalian type, recent or extinct, known to him.

It has already been stated that the stratum in which the above-men
tioned fossils occur is intermediate between the lia.s and the uppermost
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member of the trias. That it is really triassm may be deduced from the

following considerations. In Wurtemberg there are two "bone-beds,"

one of great extent, and very rich in the remains of fish and reptiles,

which intervenes between the rnuscbclkalk and keuper; the other, con

taining the Microlestes, less extensive and fossil iferous, which rests on the

keuper, or superior member of the trias, and is covered by the sandstone

of the has. The last-mentioned breccia, therefore, occupies nearly the

same place as the well-known English "bone-bed" of Axinouth and Aust

cliff near Bristol, which is shown above, p. 336, to include characteristic

species of muschclkalk fish, of the genus Saurichlliys, Ilybodus, and

Gyrokpis. In both the Wflrtemberg bone-beds these three genera are

also found, and one of the 'pceies, Saurk/dliys .Afougcoli.i, is common to

both the lower and upper breccias, as is also a remarkable reptile called

Hotlwsaurus mirabilis. The saurian called Bclodon by if. Von Meyer,
of the Thecodont family, is another triassic l'orm, associated a Diegerloch
with Aficrolestes.

Previous to this discovery of Professor Phieninger, the in.t ancient
Of known fossil Mamnialia were those of the Stonesfield slate, above de
scribed, p. 810, no representation of this class having as yet been met with
in the Fuller's earth, or inferior Oohite, nor in any member of the Lias.

Origin of Bed Sandstone and Rock-Salt.

We have seen that in various parts of the world, red. and mottled
clays, and sandstones, of several distinct geological epochs, are found
associated with salt, gypsum, magnesian limestone, or with one or all of
these substances. There is, therefore, in all likelihood, a general cause
for such a coincidence. Nevertheless, we must not forget that there are
dense masses of red and variegated sandstones and, clays, thousands of
feet in thickness, and of vast horizontal extent, wholly devoid of saliferous
or gypseous matter. There are also deposits of gypsum and of muriate of
soda, as in the blue clay formation of Sicily, without any accompanyingred sandstone or red clay.
To account for deposits of red mud and red sand, we have simply to

suppose the disintegration of ordinary crystalline or metamorphic schists.
Thus, in the Eastern Grampians of Scotland, in the north of Forfarshiro,for example, the mountains of gneiss, mica-schist, and clay-slate, are over
spread with ahluvitm, derived from the disintegration of those rocks; andthe mass of detritus is stained by oxide of iron, of precisely the same coloras the Old Red Sandstone of the adjoining Lowlands. Now this alluvium
merely requires to be swept down to the sea, or into a lake, to form strataof red sandstone and red marl, precisely like the mass of the "Old Red"or New Red systems of England, or those tertiaty deposits of Auvergno(see p. 100), before described, which are in hithological characters quiteUndistinguishable The pebbles of guciss in the Eocono red sandstone of
Auvergne point clearly to the rocks from which it. has been derived. Thered coloring matter may, as in the Grampians, have been furnished by the
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decomposition of hornblende or mica, which contain oxide of iron in

large quantity.
It is a general fact, and one not yet accounted for, that scarcely any

fossil remains are preserved in stratified rocks on which this oxide of

iron abounds; and, when we find fossils in the New or Old Red Sand

stone in England, it is in the gray, and usually calcareous beds that

they occur.
The gypsum and saline matter, occasionally iutcrstratified. with such

red clays and sandstones of various ages, primary, secondary, and ter

tiary, have been thought by some geologists to be of volcanic origin.
Submarine and subaerial exhalations often occur in regions of earth

quakes and volcanoes far from points of actual eruption, and. charged
with sulphur, sulphuric salts, and with common salt and muriate of soda.
In a word, such "solfiit.aras" are vents by which all the products which
issue in a state of sublimation from the craters of active volcanoes, obtain
a passage from the interior of the earth to the surface. That such giseous
emanations and mineral springs, impregnated with the ingredients before
enumerated, and often intensely heated, continue to flow out unaltered in

composition and temperature for ages, is well known. But before we can
decide on their real instrumentality in producing in the course of ages
beds of gypsum, salt, and dolomite, we require to know more respecting
the chemical changes actually in progress in seas where volcanic agency
is at work.

The origin of rock-salt, however, is a problem o so much interest in
theoretical geology as to demand the discussion of another hypothesis
advanced on the subject; namely, that which attributes the precipitation
of the salt to evaporation, whether of inland lakes or of lagoons com

municating with the ocean.
At Nortliwich, in Cheshire, two beds of salt, in great part unmixed

with earthy matter, attain the extraordinary thickness of 90 and even
100 feet. The upper surface of the highest bed is very uneven, forming
cones and irregular figures. Between the two masses there intervenes a
bed of ir.duratcd clay, traversed with veins of salt. The highest bed
thins off towards the southwest, losing 15 feet in thickness in the course
of a mile.* The horizontal extent of these particular masses in Cheshire
and Lancashire is not exactly known; but the area, containing saliferous
clays and sandstones, is supposed to exceed 150 miles in diameter, while
the total thickness of the trias in the same region is estimated by Mr.
Ormerod at more. 11-in 1700 feet. Ripple-marked sandstones, and the

footprints of animais, before described, are observed at so many levels
that we may safely assume the whole area to have undergone a slow and

gradual (leprei5sion during the formation of the Red Sandstone. The evi
dence of such a nioveinelit, wholly independent of the presence of salt
itself, is very important in retrenco to the theory under consideratiou.

In the "Principles of Geology" (chap. 27), 1 published a map, fur.

Orziierotl, Quart. Geol. Journ. 1S48, vol. iv. p. 277.



34 BUNN OF CUT(JIt. [On. XXIL

nisheci to me by the late Sir Alexander Burne, of that singular flat

region called the Rurni of Cutch, near the delta of the Indus, which is

1000 square miles in area, or equal in extent to about one-fourth of Ire

land. It is neither land nor sea, but is dry during a part of every year,

and again covered by salt water during the monsoons. Some parts of

it are liable, after long intervals, to be overflowed by river-water. Its

surface supports no grass, but is incrusted over, hero and there, by a

layer of salt, about an inch in depth, caused by the evaporation of sea

water. Certain tracts have been converted into dry land by upheaval

during earthquakes since the commencement of the present century, and,

in other directions, the boundaries of the Runn have been enlarged by

subsidence. That successive layers of salt might be thrown down, ono

upon the other, over thousands of square miles, in such a region, is un

deniable. The supply of brine from the ocean would be as inexhausti

ble as the supply of heat from the sun to cause cvaporaon. The only

assumption required to enable us to explain a great thickness of salt in

such an area is, the continuance, for an indefinite period, of a subsiding
movement, the country preserving all the time a general approach. to

horizontality. Pure salt could only be formed in the central parts of
basins, where no sand could be drifted by the wind, or sediment be

brought by currents. Should the sinking of the ground be accelerated,
so as to let in the sea freely, and deepen the water, a temporary suspen
sion of the precipitation of salt would be the only result. On the other
hand, if the area should dry up, ripple-marked sands and. the footprints
of animals might be formed, where salt had previously accumulated.
According to this view the thickness of the salt, as well as of the accom
panying beds of mud and sand, becomes a mere question of time, or
requires simply a repetition of similar operations.
Mr. ilugh Miller, in an able discussion of this question, refers to Dr.

Frederick Parrot's account, in his journey to Ararat (1836), of the salt
lakes of Asia. In several of these lakes west of the river Maneeh, "the
water, during the hottest season of the year, is covered on its surface
with a crust of salt nearly an inch thick, which. is collected with shovels
into boats. The crystallization of the salt is eiThcted by rapid evaporation from the sun's heat and the supersaturation of the water with mu-

briate
of soda ; the lake being so shallow that the little boats trail oil the

ottom. and leave a furrow behind them, so that the lake must be re
garded as a wide pan of enormous superficial extent, in which the brine
can easily reach the degree of concentration required."Another traveller, Major Harris, in his it

Highlands of Ethiopia," de-
scribes a salt lake, called the Bahr Assal, near the Abyssinian frontier,which once formed the prolongation of the Gulf of Tadjara, but was
afterwards cut off from the gulf by a broad bar of lava or of land UPraised by an earthquake. "Fed by no rivers, and exposed in a burningclimate to the unmit)gate(l rays of the sun, it has shrunk into an cllipttcat basin, seven mites in its transverse axis, half filled with smooth water,)f the deepest cerulean hue, and half with a solid sheet of glittering
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snow-white salt, the offspring of evaporation." ."If," says Mr. Hugh

Miller, "we suppose, instead of a barrier of lava, that sand-bars were

raised by the surf on a flat arenaceous coast during a slow and equable

sinking àf the surface, the waters of the outer gulf might occasionally

topple over the bar, and supply fresh brine when the first stock had been

exhausted by evaporation."*
We may add that the permanent impregnation of the waters of a

large shallow basin with salt, beyond the proportion which is usual in

the ocean, would cause it to be uninhabitable by mollusks or fish, as is the

case in the Dead Sea, and. the muriate of soda might remain in excess,

even though it were occasionally replenished by irruptions of the sea.

Should the saline deposit be eventually submerged, it might, as we have

seen from the example of the Runn of Cutch, be covered by a freshwater

formation containing fluviatie organic remains; and in this way the

apparent anomaly of beds of sea-salt and clays devoid of marine fossils,

alternating with others of freshwater origin, may be explained.
Dr. G. Buist, in a recent communication to the Bombay Geographical

Society (vol. ix.), has asked how it happens that the Red Sea should not

exceed the open ocean in saitness, bymore than 11u.th percent. The Red

Sea receives no supply of water from any quarter save through the

Straits of Babelmandeb; and there is not a single river or rivulet flowing
into it from a circuit of 4000 miles of shore. The countries around are

all excessively sterile and arid, and composed, for the most part, of burn

ing deserts. From the ascertained evaporation in the sea itself; Dr.

l3uist computes that nearly 8 feet of pure water must be carried off from

the whole of its surface annually, this being probably equivalent to rth

part of its whole volume. The Red Sea, therefore, ought to have 1 per
cent. added annually to its saline contents; and as these constitute 4

per cent. by weight, or 2} per cent. in volume of its entire mass, it

ought, assuming the average depth to be 800 feet, which is supposed to

be far beyond the truth, to have been converted into one solid. salt

formation in less than 3000 years. Does the Red Sea receive a supply
of water from the ocean, through the narrow Straits of Babelmandeb,

sufficient to balance the loss by evaporation? And is there an under

current of heavier saline water annually flowing outwards? If not, in

what manner is the excess of salt disposed of? An investigation of this

subject by our nautical surveyors may perhaps aid the geologist in fram

ing a true theory of the origin of rock-salt.

On 11w Hew Red Sandstone of the valley qf the Connecticut River in
the United Slates.

In a depression of the granitic or hypogeno rocks in the States of
Ia.sahusetts and Connecticut, strata of red sandstone, shale, and con-

Hugh Miller, First I'llpreions of England, 1847, pp. 183. 211.
Buiit, Trans. f Bombay Goograph. Sue. 1850, vol. ix. . 38.
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glomerate are found occupying an area more than 150 miles in length

from north to south, and about 5 to 10 miles in breadth, the beds dipping

to the eastward at angles varying from 5 to 50 degrees. The extreme

inclination of 50 degrees is rare, and only observed in the neighborhood

of masses of trap which have been intruded into the red sandstone while

it was forming, or before the newer parts of hc deposit had been com

pleted. Having examined this series of rocks in many places, I feel

satisfied. that they were formed in shallow water, and for the most part
near the shore, and that some of the beds were from time to Limo raised

above the level of the water, and laid dry, while a newer series, composed
of similar sediment, was forming. The red flags of thin-bedded sandstone

are often ripple-marked, and exhibit on their under sides casts of cracks

formed in the underlying red and green slinks. These last must have

shrunk by drying before the sand was spread over them. On some
shales of the finest texture impressions of rain-drops may be seen, and
casts of them in the incumbent argillaceous sandstones. Having observed
similar markings produced by showers, of which the precise date was
known, on the recent red mud of the Bay of Fundy, and casts in relief
of the same, on layers of dried mud thrown down by subsequent tides,*
I feel no doubt in regard to the origin of some of the ancient Connecticut

I have also seen on the mud-flats of the Bay of Fundy the
footmarks of birds (Tringa minuta), which daily run along the borders
of that estuary at low water, and which I have described in my Travcls.f
Similar layers of red mud, now hardened and compressed into shale, are
laid open on the banks of the Connecticut, and retain faithfully the im
pressions and casts of the feet of numerous birds and reptiles which
walked over them at the time when they were deposited, probably in the
Triassic Period.

According to Prof. Hitchcock, the footprints of no less than thirty-two
species of bipeds, and twelve of quadrupeds, have been already detected
in these rocks. Thirty of these are believed to be those of birds, four of
lizards, two of chelonians, and six of batraclijans. The tracks have been
found in more than twenty places, scattered through an extent of nearly80 miles from north to south, and they are repeated through a successionof beds attaining at some points a thickness of more than 1000 feet,
which may have been thousands of years in forming.As considerable skepticism is naturally entertained in regard to thenature of the evidence derived from footprints, it may be well to 0uun30-rate some facts respecting them on which the filth of the geologist mayrest. When I visited the United States in 1842, more than 2000 impressions had been observed by Professor I-hitchcock, in the districtalluded to, and all of them were indented on the upper surface of thelayers while the casts, standing out in relief, were always'

Principles of Geol. 9th ed. p. 203.
f Travels j North America, vol. ii. p. 168.Ilitcheock Morn, of Amer. Acad. New Ser, vol. iii. p. 129.Sec also Mern. Amer. Ac. vol. iii. 1848.
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on the lower surfaces or planes of the strata. If we follow a single line

F1q.443.
of marks, we find them uniform in size, and nearly

-. uniform in distance from each other, the toes of two

successive footprints, turning alternately right and

i') left (see fig. 443). Such single lines indicate a biped;
and there is generally such a deviation from a straight

H: line, in any three successive prints, as we remark in

the tracks left by birds. There is also a striking re

lation between the distance separating two footprints
in one series and the size of the impressions; in other

words, an obvious proportion between the length 01
"

the stride and the dimension of the creature which

walked over the mud. If the marks are small, they

1: :;1 may be half an inch asunder; if gigantic, as, for ex
amPIe, where time toes are 20 inches long, they are

occasionally 4 feet and a half apart. The bipedal
impressions are for the most part trifid, and show

I the same number of joints as exist in the feet of liv

ing tridactylous birds. Now such birds have three

phalangeal bones for the inner too, four for the middle,

I and five for the outer one (see fig. 443); but the im

I pression of the terminal joint is that of the nail only.
1, 13 - The fossil footprints exhibit regularly, where the

r.
joints are seen, the same number; and we see in
each continuous line of tracks the three-jointed and

Foot
.. ~.rlnts

ofabird. Tar-




five-jointed toes placed alternately outwards, first on
io nneUctS? the one side and then on the other. In some speci

Acad. vol. Iv. mens, besides impressions of the three toes in front,
the rudiment is seen of the fourth toe behind. It is

not often that the matrix has been fine enough to retain impressions of
the integument or skin of the foot; but in one fine specimen found at
Turner's Fulls on the Connecticut, by Dr. Deane, these markings are well

preserved, and have been recognized by Prof. Owen as resembling the
skin of the ostrich, and not that of reptiles.* Much care is required to
ascertain the precise layer of a laminated rock on which an animal has
walked, because the impression usually extends downwards through sev
eral l:imin; and if the upper layer originally trodden upon is wanting,
the mark of one or more joint-,, or even in some cases an entire too, which
sank less deep into the soft ground, may disappear, and yet the remainder
of the footprint be well defined.

The size of several of the tbssil impressions of the Connecticut red sand
stone so far exceeds that of any living ostrich, that naturalists at first
were extremely ndvene to the opinion of their having been made by
birds, until the bones and almost entire skeleton of the .Dinornis and of

This specimen was in the bite Dr. M:intell's mllueuw, mmd indknted a bird
of a size intermodiute between time small anti the largest of the Connecticut
pecie.
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other feathered of New Zealand were discovered. TMr dim@nm 
ions hai,e nt least destroyed the force of this particttlar objection. The 
magnitude of tlie impressions of the feet of a heavy animal, dlkh has 
walked on soft mud, increases for some distance below t l ~  surface ofigi- 
Bully trodden upon, In order, therefore, to guard against exflggeration, 
the casts rather than fie mould are relied on. These s l ~ ~  that 

some tile fossil bipeds had feet font times large as fie ostrich, but 
not perliibps much larger than the J h o k s *  

~l~~ eggs of noother gigantic bird, called apiornis, which has probn- 
biy beon ohminated by man, have recently been discovered in 
alluvinl deposit in Madatfusear. The ega; has six t i m ~ s  the capacity of 
that of tho ostrich ; but, jndgi~ff from t l i ~  I ~ o  S ~ M  of tho e g  of tho 
~pld~, Professor Owen docs not believe that tho w o r n i s  exceeded, if 
indeed it equalled, the Bi?tomk in staturern 

Among the suppgs&l biped01 tracks, a singlo tl1st111ct C S ~ ~ P I O  only hi 
0 b 3 e ~ ~ d  of feet in which tllero nra four toes di1*~ctcd forwflrdsm In 

this case a series of four footprints is seen, each 22 indies long and 
12 wide, with joints much resembling tliose in the toes of birds. Pro- 
fessor Agassiz has suggcstcil that it might have belonged to a gigantic 
bipedal batrachian. Other naturalists have called our nttention to the 
fact, that soma qutidnipeds, when waling, place the hind foot so precisely 
on the spot just quitted by tho for0 foot, as to produce a singlo line of 
imprints, like those of a biped ; and Mr. Waterhouse Itnwkins ti* re- 
marked. that certain species of frogs and. lizards in Australia have the two 
outer toes so slightly developed and so much raised Unit they might leave 
tridactylous footphts on mud and sand. Another osteologist, Dr. Leidy, 
in tlio United States, observed to me that the pterodactyl was a bipedal 
reptila npproaching tho bird so ncni'ly in tho structure and shape of its 
wingbones and tibiz, that some of these last, obtained from the Chalk 
and W~dclen in England, had been mistaken by tbo highest authorities 
for true birds' bones. May not the foot, therefore, of n pterodactyl have 
equally r ~ m b l ~ d  that of a bird ? Be tiis us it may, the greater num- 
ber of the Amicnn impressions agree so prccisoly in form and size with 

footmnrh of blown living birds, especially with tlioso of wndors, 
that we shall act most in accordance with. known by re- - 
ferring most of them fit present to fenlhered, rather than to fentherless 
bipeds, 

tones h w  yet been met with, whether of pterodactyl or bird, 
in rocks of Connecticut, but there are numerous coprol i t~  ; and 
an ingenious nrgumc~t been derived by Dr. Dann from the ' 

bodies, and the proportion they contain of uric acid, phosphate of 
lime, crionato of lime, and organic matter, to allow that, guano, 

the of bi r<ls, ~ ~ t l l o r  than of reptiles. 
S O ~ o  of quadrupedal footprints wliicli accompany those of birds 

to European C?i&o!h&a, and with a similar disproportion 
between liind ami f ~ r o  feet. Ollicra resoniblo ant icmnrknble rap- ''' J ? h ~ n c O s u l i ~ ' ~  of th Englisli Trias, creature linving some 
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relation in its osteology both to chelonians and birds. Other imprints,

again, are like those of turtles.
Mr. Darwin, in his "Journal of a Voyage in the Beagle," informs us

that the "South American ostriches, although they live on vegetable
matter, such as roots and grass, are repeatedly seen at Bahia Blanca (lat.

390 S.), on the coast of Buenos Ayrcs, coming down at low water to

the extensive mud-banks which are then dry, for the sake, as the Gauchos

say, of feeding on small fish." They readily take to the water, and

have been seen at the bay of San Bias, and at Port Valdez, in Patago
nia, swimming from island to island.* It is therefore evident, that in

our times a South American mud-bank might be trodden simultaneously

by ostriches, alligators, tortoises, and frogs; and the impressions left, in

the nineteenth century, by the feet of these various tribes of animals,

would not differ from each other more entirely than do those attributed

to birds, saurians, clielonians, and batrachians, in the rocks of the Con
necticut.
To determine the exact age of the red sandstone and shale containing

these ancient footprints in the United States, is not possible at present.
No fossil shells have yet been found in the deposit, nor plants in a de
terminable state. The fossil fish are numerous and very perfect; but

they are of a peculiar typo, which was originally referred to the genus
Falaoniscus, but has since, with propriety, been ascribed, by Sir Philip
Egerton, to a new genus. To this he has given the name of Isc1qpterus,
from the great size and strength of the fuleral rays of the dorsal fin

(from 1o'yjg, strength, and. '2rcEpv, a fin). They differ from Palcvoniscus,

as Mr. Redfield first pointed out, by having the vertebral column pro
longed to a more limited extent into the upper lobe of the tail, or, in
the language of M. Agassi; they are less heterocercal. The teeth also,

according to Sir P. Egerton, who, in 1844, examined for me a fine series
of specimens which I procured at Durham, Connecticut, differ from those
of Pala?ozziscus in being strong and conical.

That the sandstones containing these fish are of older date than the
strata containing coal, before described (p. 330) as occurring near Rich
mond in Virginia, is highly probable. These were shown to be as old
at least as the oolite and has. The higher antiquity of the Counecticut
beds cannot be proved by direct superposition, but may be presumed
from the general structure of the country. That structure proves them
to be newer than the movements to which the Appalachian or Alleghany
chain owes its flexures, and this chain includes the ancient coal forma
tion among its contorted rocks. The unconformable position of this New
Red with ornithienites on the edges of the inclined primary or palcozoic
rocks of the Appalachians is seen at. 4 of the section, fig. 05, p. 388.
The absence of fish with decidedly hoterocercal tails may afford nn

argument against the Permian age of the formation; and the opinion
that the red sandstone is triassic, seems, on the whole, the bent that we
can embrace in the present state of our knowlvd-e.

* Journal of Voyage of Beagle, &c. 2d edition, p. 8t, 1815.
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CHAPTER XXffl.

pEltislIAN O MAGNESIAN LIMESTONE CROUP.

Fossils of Magnesian Limestone and Lower New Red distinct from the Triassic

Term Permian-English and German cquivalcnts-Jariflo shells and corals of

English Magnesian limestoflc-PIL1LeOfliSCUS and other fish of the marl slate

Thecodont Saurians of doloiuitic conglomerate of Bristol-Zcchstcin and Rothlie

gendes of Thuringia-Permian Flora-Its generic affinity to the carboniferous

-Psaronites or tree-ferns.

WHEN the use of the term "Poikilitic" was explained in the last

chapter, I stated, that in some parts of England it is scarcely possible to

separate the red mans and sandstones so called (originally named "the

bW Red"), into two distinct geological systems. Nevertheless, the

progress of investigation, and a careful comparison of English rocks be

tween the has and the coal with those occupying a similar geological

position in Germany and Russia, have enabled geologists to divide the

Poikihitic formation; and has even shown that the lowermost of the two
divisions is more closely connected, by its fossil remains, with the car
boniferous group than with the tnias. If, therefore, we are to draw a
line between the secondary and primary fossiliferous strata., as between
the tertiary and secondary, it must run through the middle of what was
once called the "New fled," or Poikilitie group. The inferior half of
this group will rank as Primary or Paleozoic, while its upper member
will form the base of the Secondary series. For the Lower, or Magne
sian Limestone division of English geologists, Sir B. Murchison proposed,
in 1841, the name of Permian, from Penn, a Russian government where
these strata are more extensively developed than elsewhere, occupying an
area twice the size of France, and containing an abundant and varied
suite of fossils.

Prof. King, in his valuable monograph* of the Permian fossils of Eng-
land, has given a table of the following six members of the Permian
system of the north of England, with what ho conceives to be the corre
sponding formations in Thuningia.

North ofEngland.
1. Crystalline or concretionary, and

non-crystalline limestone.
2. Brecciated and pseudo-brecciated

limestone.
8. Fossjflf,5 limestone.
4. Compact limestone.
5. Marl-slate.
8. Inferior 8andston3 of various colors.




1. Stinkstein.

2. Rauchvncke.

8. Dolomit., or Upper Zechstcin.
4. Zcchstejn, or Lower Zcchstein.
6. Mergel-scliiefer, or Kupfcrschiefer.
0. Rotliliegendes.

Tiiurlngln.

*
PalLeontogrnpl,jcal Society, 1850, London.



0g. XXIII.] PERMIAN LIMESTONES. 351

I shall proceed, therefore, to treat briefly of these subdivisions, begin

ning with the highest, and referring the reader, for a fuller description of

the lithological character of the whole group, as it occurs in the north

of England, to a valuable memoir by Professor Sedgwick, published in

1835.*

Crystalline or concretionary limestone (No. 1).-This formation is seen

upon the coast of Durham and Yorkshire, between the Wear and the

Tees. Among its characteristic fossils are Schizodus Schiotlicirni (fig.

444) and .3fytilus scptfer (fig. 446).

Fig. 44-Si

&coctl&8 &MoThi'hn(, Gelnltz.
Crystalline limestone, Permian.




Fig. 'Us.

The hinge of&h1.odu8
tru,icaf,,j, King.Permian.




Fig. 440.

.M/tilU8 aept1/er, King.
Syn. 2lodiota acuminuta.

James Sow.
Permian crystalline lime

stone.

These shells occur at Hartlepool and Sunderland, where the rock as
sumes an oolitic and botroiclal character. Some of the beds in this
division are ripple-marked; and Mr. King imagines that the absence of
corals and the character of the shells indicate shallow water. In some

parts of the coast of Durham, where the rock is not crystalline, it con
thins as much as forty-four per cent, of carbonate of magnesia, mixed
with carbonate of lime. In other places,-for it is extremely variable in
structure,-it consists chiefly of carbonate of lime, and has concreted
into globular and hemispherical masses, varying from the size of a mar
ble to that of a cannon-ball, and radiating from the centre. Occasionally
earthy and pulverulent beds pass into compact limestone or hard granu
lar dolomite. The stratification is very irregular, in some places well
defined, in others obliterated by the concretionary action which has re
arranged the materials of the rocks subsequently to their original
deposition. Examples of this are seen at Pontefract and Ripon in
Yorkshire.

The breccia ted limestone (No. 2) contains no fragments of foreign
rocks, but seems composed of the breaking-up of the Permian limestone
itself, about the time of its consolidation. Some of the angular ma;scs
in Tynemouth Cliff are 2 feet in diameter. This breccia is considered
by Professor Sedgwiek as one of the forms of the preceding limestone,
No. 1, rather than as regularly underlying it. Time fragments are angu
lar and never water-worn, and appear to have been re-cemented on the
spot where they were formed. It is, therefore, suggested that they may
have been due to those internal movements of the mass which produced
the concretionary structure; but the subject is very obscure, and after

* Trims. Geol. Soc. Loud. Second Series, vol. iii. p. 37.
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Studying the phenomenon in the Marston Rocks, on the coast of Durham,

I found it impossible to form any positive opinion on the subject. The

well-known brecciated limestones of the Pyrenees appeared to me to

present the nearest analogy, but on a much smaller scale.

Tilefossiljferous limestone (No. 3) is regarded by Mr. King as a deep-

water formation, from the numerous delicate bryozoa which it includes.

One of these, Fcnestclk reliforniis (fig. 447), is a very variable species, and

Fig. 441.

it. .F'ene.ctelZa retV°r'", Schiol. p.
Byn. Qorgonia lnfu:idibutifvrrn is, Gohlt: Retcpora.flustracea, Phillips.1'. Port of the same highly mognifleil.

Mogneslan limestone, Ilumbleton ifiii, near Sunderland.*

has received many different names. It sometimes attains a large size, measur

ing 8 inches in width. The same zoophyte, or rather mollusk, with several
other British species, is also found abundantly in the Permian of Germany.

Shells of the genera Productus (fig. 448) and Stroplialoski (the latter
an allied form with teeth in the hinge), which do not occur in strata newer
than the Permian, are abundant in this division of the series in the ordinary

Fig. 443. Fig. 4-ID.

Prodzictus liorr(dus, Sowerby Sp1rifr ,ozdulatu.q, Sow. Min. Con.
(including P. calvue, Sow.) 5y 1Wozonot,"efci unduluta, King'sSunderland and Durham, In Mngnesinn Monogr.Limestone; Zcchstela and Kupfr- Mngnesiai Limestone.achiefer, Germany.

yellow magnesian limestone. They are accompanied by certain species of
Spir?fer (fig. 449), and other brachiopoda of the true primary or paleozoic
type. Some of this same tribe of shells, such as .AtlLyris .Rozssyi, allied to
Terebratula, are specifically the same as fossils of the carboniferous rocks.
Avzcula, .Arca, and Se1tjzoclu (see above, figs. 444, 445, 440), and other
lameilibrauchia bivalves, are abundant, but spiral univalves are very rare.

The compact limestone (No. 4) also contains organic remains, especially
bryozoa, and is intimately connected with the preceding. Beneath it
lies the marl-slate (No. 5), which consists of bard, calcareous sliales,
marl-slate, and thin-bedded limestones. At East Thickley, in Durham,
where t is thirty feet thick, this slate has yielded many fine specimens

King's Monograph, pl. 2.
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of fossil fish of the genera Falooniscus, Fygopterzs, Ccclacanthus, and

Flaeysomu; genera which are all found in the coal-measures of the car

boniferous epoch, and which, therefore, says Mr. King, probably lived at
no great distance from the shore. But the Permian species are peculiar.
and, for the most part, identical with those found in the marl-slate or

copper-slate of Thuringia.




Fig. 450.

The Falaoni.cus above mentioned belongs to that division of fishes
which M. Agassiz has called "ileterocercal," which have their tails une
qually bilobate, like the recent shark and sturgeon, and the vertebral
column running along the upper caudal lobe. (See fig. 451.) The
"Homocercal" fish, which comprise almost all the 8000 species at present

Mg. 451. Fig. 4.52

known in the living creation, have the tail-fin either single or equally
divided; and the vertebral column stops short, and is not prolonged
into either lobe. (See fig. 451.)
Now it is a singular faàt, first pointed out by Agassiz, that the heter

occrcalform, -which is confined to a small number of genera in the exist

ing creation, is universal in the Magnesian limestone, and all the more
ancient formations. It characterizes the earlier periods of the earth's
history, when the organization of fishes made a greater approach to that
of saurian reptiles than at later epochs. In all the strata above the
Magnesian limestone the homocercal tail predominates.
A full description has been given by Sir Philip Egerton of the species

of fish characteristic of the marl-slate in Prof. King's monograph before
referred to, where figures of the ichthyohites which are very entire and
well preserved, will be found. Even a single scale is usually so
charac-teristicallymarked ts to indicate the genus, and soinctilneS even the par.

23

Restored outilno ofa flab of tho gonus Pa&voniacttr, gau.
PaZaoMrIs.su,n Blainvillo.

Shark. Shad. (ClupeG, Itoning tribe.)Heferocercal. Hornoceroal.
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ticular species. They are often scattered through the beds singly, and

may be useful to a geologist in determining the ago of the rock.

Scales or fish. Magneslan limestone.

Fig. 453. FIg. 451. Fig. 455. Fig. 450.

2t(Si

Fig. 458. Pat(VofliaCua cOfliptU8. Agnsslz. Scale magnified. Marl-slate.
Fig. 451. Pakroni8cu8 ete(lanR, Seth. Under surfco of scale magnified. Marl-slate.
"FIg. 455. PthCOIZI8CU8 giapiqiruR, 'Kg. Under surface of scale magnified. Marl-slate.
Fig. 450. Cw(acantILfl8 granutatu8. Ag. Granulated surface of scale magnified. Marl-slato.

Fig. 457. Fig. 459.

.Pygop(erua ,nandibularis, Ag. Marl-slate.
a. Outside of scale magnified.
b. Under surface of same.

The inferior sandstones (No. 6, Tab. P. 350), which lie beneath the
marl-slate, consist of sandstone and sand, separating the mngncsmn
limestone from the coal, in Yorkshire and Durham. In some instances,
red marl and gypsum have been found associated with these beds.

They have been classed with the inaguesian limestone by Professor

Sedgwick, as being nearly co-extensive with it in geographical range,
though their relations are very obscure. In some regions we find t
stated that the imbedded plants are all specifically identical with those
of the carboniferous series; and, if so, they probably belong to that
epoch; for the true Permian flora appears, from the researches of
MM. Murchison and de Verneuil in Russia, and of Colonel von Gutbier
m Saxony, to be, with few exceptions, distinct from that of the coal (see
p. 356).

-Dolomitic conglomerate of Bristol.-Near Bristol, in Somersctshire,
and in other counties bordering the Severn, the unconformable beds of
the Lower Now Red, resting immediately upon the Coal-measures,
consist of a conglomerate called "dolomitic," because the pebbles of
older rocks are cemented together by a red or yellow base of dolomite
or magnesian limestone. This conglomerate or breccin, for the im
bedded fragmen are sometimes angular, occurs in patches over the
whole of the downs near Bristol filling up the hollows and irregularities n the mountain limestone, and being principally composed at every

Acrokpi8 £edgwicki&, Ag.
Outside of scale magnified.

Marl-slate.
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spot of the debris of those rocks on which it immediately rests. At
one point we find pieces of coal-shale, in another of mountain lime
stone, recognizable by its peculiar shells and zoophites. Fractured bones,
also, and teeth of saurians, are dispersed through some parts of the
breccia.

These saurians (which until the discovery of the Archegosaurus
in the coal were the most ancient examples of fossil reptiles) are all

distinguished by having the teeth implanted deeply in the jaw-bone,
and in distinct sockets, instead of being soldered, as in frogs, to a simple
alveolar parapet. In the dolomitic conglomerate near Bristol, the re
mains of species of two genera have been found, called Thecodonlosaurus
and Palcosaurus by Dr. Riley and Mr. Stutchbury ;* the teeth of which
arc conical, compressed, and with finely serrated edges (figs. 459 and

460).




Teeth of Sauriana. Dokmttlo con1omorato; Redland, near Bristol.

Fig. 49.




Tooth ofFaZc&aaurusr platyodon, nat. size.

:.




400.




Tooth of Tacodonto,auriii.
8 times msnffled.

11

Sir Henry de la Beche has shown that, in consequence of the isolated
position of the breccia containing these fossils, it is very difficult to de
termine to what precise part of the Poikilitic series they bolong.f Some
observers suspect them to be triassic; but, until the evidence in support
of that view is more conclusive, we may continue to hold the opinion of
their original discoverers.

In Russia, also, Thecodont saurians of several genera occur, in beds of
the Permian age; while others, named Frotorosaurus, are met with in
the Zeclistein of Tiiuringia. This family of reptiles is allied to the living
monitor, and its appearance in a primary or palcozoic formation, observes
Prof. Owen, is opposed to the doctrine of the progressive development of
reptiles from fish, or from simpler to more complex forms; for, if they
existed at the present day, these monitors would take rank at the head of
the Lacertian order.t
We learn from the writings of Sir IL Murchison, that in Russia

the Permian rocks are composed of white limestone, with gypsum and
white salt; and of red and green grits, occasionally with copper ore; also
'nagnesian Ii mestones, maristones, and conglomerates.

* Cool. Trans., Second Series, vol. v. p. 849, pl. 29, figures 2 and 5.
f Memoirs of Geol. Survey of Great Britain, vol. 1. p. 268.
Owen, Report on Reptiles, British Assoc., Eleventh Meeting, 1841, p. 19'T.
Russia and the Ural Mountains, 18.15; and Siluria, oh. xii. 1854.
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The country of Mansfeld, in Tl.iuiiugia, may be called the classic

ground of the Lower Now Red, or Magnesian Limestone, or Pormian

formation, on the Continent. It consists there principally of, first, the

Zechstein, corresponding to the upper portion of our English series; and,

secondly, the marl-slate, with fish of species identical with those of the

bed so called in Durham. This slaty mailstoue is richly impregnated

with copper-pyrites, for which it is extensively worked. Magnesian lime

stone, gypsum, and rock-salt occur among the superior strata of this

group. At its base lies the Rotliliegeudes, supposed to correspond with

the Inferior or Lower New Red Sandstone above mentioned, which occu

pies a similar place in England between the marl-slate and coal. Its

local name of "Rotbliegcndes," red-lyer, or "Roth-todt-liegcndes," red-

dcad-lyer, was given by the workmen in the German mines from its red

color, and because the copper has died out when they reach this rock,

which is not metallifevous. It is, in fact, a great deposit of red sand

stone and conglomerate, with associated porphyry, basaltic trap, and

amygdaloid.
Permian .Flora._VTo learn from the recent investigation of Colonel

von Gutbier, that in the Permian rocks of Saxony no less than sixty
species of fossil plants have been met with, forty of which have not yet

Fig. 401.

been found elsewhere. Two or three of these, as Ualamites pigas, Splze
noptcris erosa, and S. lobata, are also met with in the government ol
Penn in Russia. Seven others, and among them .Nuroptcris FIg. 402.Los/ii, PeCopicris arborescens, and P. simills, with several
species of Walchia (see fig. 40]), a genus of Conifers, called
Lyc0j13 by some authors, are common to the coalmeasures

Among the genera also enumerated by Colonel Gutbier arethe fruit called
Oa'rclioca,pon (see fig. 402), Asleioplzyllhtes Crdio&.arprniO1tuj, Outbier.and .Ilnflularja so characteristic of the carboniferous period; I'tru,lttn,sitx.also Lepidocle;zdron which is cominoli to the Perini;ui o1 4 diam.

SaXOiiy, Thurjnj and Russin, although not abundant.uV/qrru1/a ía

WlcMapfnformja1 Steynb. Permian, Saxony. (Gutbtor, pl. x.)a. Branch. b. Twig of the same. c. Leaf magnified.
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(see fig. 463), supposed by A. Brongniart to be allied to Cycas, is another

link between the Permian and Carboniferous vegetation. Conifere, of

the Araucarian division, also occur; but these are Fig. 468.
likewise met with both in older and newer rocks.
The plants called Siqillaria and Stigmaria, so I

as yet wanting.

marked a feature in the carboniferous period, are

Among the remarkable fossils of the rothlie

geudes, or lowest part of the Permian. in Saxony
and Bohemia, are the silicifled trunks of tree-ferns
called generically .Psaronius. Their bark was




,',
surrounded by a dense mass of air-roots, which
often constituted a great edition to the original
stem, so as to double or quadruple its diameter.
The same remark holds good in regard to certain

living extra-tropical arborescent ferns, particularly
those of New Zealand.

Psaronites are also found in the uppermost coal
of Autun in France, and in the upper
coal-meas-uresof the State of Ohio in the United States; but

specifically different from those of the rothuic

gendes. They serve to connect the Permian flora HoeqgeratMa cuneljbUa.
Ad. Brongninrt..ewith the more modern portion of the preceding or

carboniferous group. Upon the whole, it is evident that the Permian

plants approach much nearer to the carboniferous flora than to the tn
assic; and the same may be said of the Permian fauna.

* Murchison's Russia, vol. ii. p1. A, fig. 8.
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CHAPTER XXIV.

EIE COAL, OR CARBONIFEROUS GROUP.

Carboniferous strata in the southwest of England-Superposition of Coal-measures

to Mountain limestone-Departure from this typo in North of England and

Scotland-Carboniferous series in Ireland-Sections in South Wales-Under

clays with Stigmaria-Carboniferous Flora-Ferns, Lepidodendra, Equisctace,
Calamites, Asterophyllites, Sigillarite, Stigmarizn-Conifora-Stcrnbergia
Trigonocarpon-Grada of Coniferm in the Vegetable Kingdom-Absence of

Angiosperms-Coal, how formed-Ercct fossil trccs-Parkfield Colliery-St.
Etienne Coal-field-Oblique trees or snags-Fossil forests in Nova Scotia

Rain-prints-Purity of the Coal explained-Time required for lio accumula
tion of the Coal-measures-Brackish-water and marine strata-Crustaceans of
the Coal-Origin of Clay-iron-stone.

TUE next group which we meet with in the descending order is the
Carboniferous, commonly called "The Coal;" because it contains many
beds of that mineral, in a more or less pure state, interstratified with
sandstones, shales, and limestones. The coal itself; even in Great Britain
and Belgium, where it is most abundant, constitutes but an insignificant
portion of the whole mass. In the north of England, for example, the
thickness of the coal-bearing strata has been estimated by Professor Phil
lips at 3000 feet, while the various coal-seams, 20 or 30 in number, do
not in the aggregate exceed 60 feet.
The carboniferous formation assumes various characters in different

parts even of the British Islands. It usually comprises two very distinct
members; 1st, that usually called the Coal-measures, of mixed freshwater,
terrestrial, and marine origin, often including seams of coal; 2dly, that
named in England the Mountain or Carboniferous Limestone, of purelymarine origin, and containing corals, shells, and encrinites.

In the Southwestern part of our island, in Somersetsliiro and South
Wales, the three divisions usually spoken of by English geologists are:

1. Coal-measures (Strata of shale, sandstone, and grit, with occasional seams
1 of coal, from 600 to 12,000 feet thick.

ç A coarse quartzoso sandstone passing into a con lomerate,2. Millstone-grit
I

sometimes used for millstones, with beds ofshafe; usuallydevoid of coal; occasionally above GOD feet thick.3. Mountain or ) A calcareous rock containing marine shells and corals; de-Carboniferous
void of coal; thickness variable, sometimes 900 feet.

The
mllstone..grjt may be considered as one of the coal-sandstonesof coarser texture than usual, with some accompanying shales, in which

coal-plants are
occasionally found. In the north of England some bands
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of limestone, with pectens, oysters, and other marine Shells, occur in this

grit, just as in the regular coal-measures, and even a few seams of coal.

I shall treat, therefore, of the whole group as consisting of two divisions

only, the Coal-measures and the Mountain Limestone. The latter is

found in the southern British coal-fields, at the base of the system, or

immediately in contact with the subjacent Old Red Sandstone; but as we

proceed northwards to Yorkshire and Northumberland it begins to alter

nate with true coal-measures, the two deposits forming together a series

of strata about 1000 feet in thickness. To this mixed formation succeeds

the great mass of genuine mountain limestone.* Farther north, in the

Fifeshire coal-field in Scotland, we observe a still wider departure from

the typo of the south of England, or a nore complete intercalation of

dense masses of marine lirnestones with sandstones and shales contain

ing coal.
In Ireland a series of shales and slates, constituting the base of the

Mountain Limestone, attain so great a thickness, often upwards of 1000
feet, as to be classed as a separate division. Under these slates is a Yel
ow Sandsne, also considered as carboniferous from its marine fossils,

although passing into the underlying Devonian. A similar sandstone of
much less thickness occurs in the same position in Gloucestershire and
South Wales.
The following are the subdivisions adopted in the geological map of

Ireland, constructed by Mr. Griffiths:




Thicknesa in feet.
1. Coal-measures, Upper and Lower - - - - 1000 to 2200
2. Millstone-grit - - - - - - -850 to 1800
3. Mountain limestone, Upper, Middle (or Caip), and

Lower - - - - - - - -1200 to 6400
4. Carboniferous slate - - - - - - - 700 to 1200
5. Yellow sandstone (of Mayo, &c.) with shales and

limestone - - - - - - - 400 to 2000

COAL-MEASURES.

In South Wales the coal-measures have been ascertained by actual
measurement to attain the extraordinary thickness of 12,000 feet; the
beds throughout, with the exception of the coal itself, appearing to have
been formed in water of moderate depth, during a slow, but perhaps
intermittent, depression of the ground, in a region to which livers were
bringing a never-failing supply of muddy sediment and sand. The same
area wns sometimes covered with .vast forests, such as we sec in the deltas
of great rivers in warm climates, which are liable to be submerged be
neath fresh or salt water should the ground sink vertically a few feet..

In one section near Swansea, in South Wales, where the total thick
ness of strata is 3240 feet, we learn from Sir II. De Ia l3ecbe that there
are ten principal masses of sandstone. One of these is 500 feet thick,
* Sedgwick, Geol. Trans., Second Series, vol. iv.; and Phillips, Geol. of Yorab.

part 2.
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and the whole of them make together a thickness of 2125 feet. They

are separated by masses of shale, varying in thickness from 10 to 50 feet

The intercalated coal-beds, sixteen in number, are generally from 1 to s

feet thick, one of them, which has two or three layers of clay interposed,

attaining 9 feet. At other points in the same coal-field the slinks pre

dominate over the sandstones. The horizontal extent of some seams of

coal is much greater than that of others, but they all present one

charac-teristicfeature, in having, each of them, what is chiled its nndcrclaq.

These undcrclays, coextensive with every layer of coal, consist of arena

ceous shale, sometimes called fire-stone, because it can be made into bricks

which stand the fire of a furnace. They vary in thickness from 6 inches

to more than 10 feet; and Mi. Logan first announced to the scientific

world in 1841 that they were regarded by the colliers in South Wales as

an essential accompaniment of each of the one hundred seams of coal

met with in their coal-field. They are said to form the floor on which

the coal rests; and some of them have a slight admixture of carbonaceous

matter, while others are quite blackened by it.
All of them, as Mr. Logan pointed out, are characterized by inclosing a

peculiar species of fossil vegetable called Bilgmciria, to the exclusion of

other plants. It was also observed that, while in the overlying shales or
"roof" of the coal, ferns and trunks of' trees abound without any Slig
nzaricv, and are flattened and compressed, those singular plants of the

underclay very often retain their natural forms, branching freely, and

sending out their slender leaf-like rootlets, formerly thought to be leaves,

through the mud in all directions. Several species of Stigrnaria had long
been known to botanists, and described by them, before their position
tinder each seam of coal was pointed out, and before their true nature as
the roots of trees was recognized. It was conjectured that they might
be aquatic, perhaps floating plants, which sometimes extended their
branches and leaves freely in fluid mud, and which were finally enveloped
in the same mud.




CARI3OXIFEROUS FLORA.

These statements will suffice to convince the reader that we cannot
arrive at a satisfactory theory of the origin of coal until we understand the
true nature of Stigmaria; and in order to explain what is now known of
this plant, and of others which have contributed by their decay to pro-duce coal, it will be necessary to offer a brief preliminary sketch of the
whole carboniferous, flora, an assemblage of fossil plants with which w&
are better acquainted than -with any other which flourished antecedentlyto the tertiary epoch. I should also be remarked that Göppert has ascor
tamed that the remains of every family of plants scattered throuht the
coal-inessures are sometimes met with in the pure coal itself, a fact whichadds greatly to the geological interest attached to this flora.

.Fern&-Th0 number of species of carboniferous plants hitherto described amounts,
according to M. Ad. Brougniart, to about 500. These
Memoirs of Geol. Survey, 'o1. i. ). 1U.
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may perhaps be a fragment only of the entire flora, but they are enough

to show that the state of the vegetable world was then extremely different

from that now prevailing. We are struck at the first glance with the

similarity of many of the ferns to those now living, and the dissimilarity

F

PecopteriR lonc1 iUca. a. Sphenoptdris orenata.
(F oss. Plo. 153.) b. Part of tho samo, magnified.

(Fo$3. Plo. 101.)

of almost all the other fossils except the co-F1g. 468.

nifere. Among the ferns, as in the case of

Fecopteris for example (fig. 404), it is not V.
always easy to decide whether they should #

be referred to different genera from those
established for the classification of living ..

species; whereas, in regard to most of tho ''

other contemporary tribes, with the oxcep- \ M, 11
~tionoftheconiferce,itisoftendifficultto\\",1I

guess the family, or even the class, to which

they belong. The ferns of the carboniferous .j'
period are generally without organs of fruc-

\tification, but in sonic specimens these are
well preserved. In the general absence of : "

such characters, they have been divided into




LauloP(erIapr1mra, L1ndIy.genera distinguished chiefly by the branching
of the fronds, and the way in which the veins of the leaves are disposed.The larger portion are supposed to liavo been of the size of ordinary Eu
ropan fcnis, but some were decidedly arborcseciit,, especially time group

Fig. .104. Pig. 405.
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called caulopieris1 by Lindley, and the Psaronins of the upper or newest

coal measures, before alluded to (p. 35'l).

All the recent; tree-ferns belong to one tribe (Polypodiacece), and to r

small number only of genera in that tribe, in which the surface of the

trunk is marked with scars, or cicatrices, left after the fall of the fronds.

These scars resemble those of Uaulopteris (sec fig. 460). No less than

250 ferns have already been obtained from the coal-strata; and, even if

we make some reduction on the ground of varieties which have been

mis-taken,in the absence of their fructification, for species, still the result is

singular, because the whole of Europe affords at pie no more than 60

indigenous species.




Pig. 469.

Lepidoclenclron.-About 40 Species of fossil plants of the Coal have
been referred to this genus. They consist of cylindrical stems or trunks,
covered with leaf-scars. In their mode of branching, they are always di
chotomous (see fig. 471). They are considered by Brongulart and Hooker
to belong to the Lycopodicicea?, plants of this family beating cones, with
similar sporangia and spores (fig. 474). Most of them grow to the size
of large trees. The figures 470-472 represent a fossil Lpidodézdro; 49
feet long, found in Jarrow Colliery, near Newcastle, lying in shale parallelto the planes of stratification. Fragments of others, found in the same
shale, indicate, by the size of the rhomboidal scars which cover them, a
still greater magnitude. The living club-mosses, of which there are about;
200 Species, are abundant in tropical climates, where one species is some
times met with

attaining a height of 3 feet. They usually creep on the
ground, but some stand erect, as the I.. densum, from New Zealand
(fig. 473).




Living tree-ferns of different genera. (Ad. ]3rong.)
Pig. 46T. Tree-fern from Islo of Bourbon.
Fig. 469. ('ualhea tuuca, Mauritius.
Fig. 469. Treo.t.,rn (row Brazil.







Cu. XXIV.] LEPIDODENDRON. 863

Pig. 471.




Fir. 4T.

Lepidodendron Sternbergit. Coal-measures, near Newcastle.
Fig. 470. Branching trunk, 40 foot long, supposed to have bolongod to .1. Seern-

belT/U. (Foss. Plo. 208.)
Fig. 471. BranchIng stein with bark and leaves of L. 8Cern'erg1. (Foss. Plo. 4.)
Fig. 472. Portion oteamo nearer the root; natural size. (Ibid.)

Fig. 473.

a. Lycopocliuns densism; banks of B. Thames, New Zealand.
b. Branch, natural size. c. Part ofsame magnified.

In the carboniferous strata of Coalbrook Dale, and in many other coal

fields, elongated cylindrical bodies, called fossil cones, named Lidostro

bus by M. Adoiphe ]3rongniart, are met 'with. (See fig. 4'14.) They
often form the nucleus of concretionary balls of clay-ironstone, and are

Fig. 474.

a. Lepldoatrobus ornatus, l3rong. Shropshire; half natural mlze.
1. Portion of a section showing the largo apurnogla In their natural position, and each

supported by Its bract or scale.
c. Spores In these aporangin, highly magnified. (Hooker, Mew. Geol. Survey, vol. ii part

2, p. 440.)

well preserved, exhibiting a conical axis, around which a great quantity
of scales were compactly imbricated. The Opinion of M. Brongulart is
now generally adopted, that the Lepido1iv1ius is the fruit of Lepidoden-

Pig.470.
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drom; indeed, it is not uncommon in Coalbrook Dale, and elsewhere, to

find these SITOUIi or fruits terminating the tip of a branch of a well char

acterized .Tiepidockndron.

Equisetacca.-T0 this family belong two fossil Species of the Coal

one called EquiscIun ifundilntl?forno by Brougniart, and found also in

Nova Scotia, which has sheaths, regularly toothed, ribbed, and overlap-

ping like those on the young fertile stems of Equisetuni fluvicitlic. It

was much larger than any living "Horsetail." TheEquiscium giganteum,

discovered, by Humboldt and Boupland in South America, attained a

height of about 5 feet, the stem being an inch in diameter; but more

recently Gardner has met with one in Brazil 15 feet high, and Meycu

gives the height of E. Bogotensa in Chili as 15 to 20 feet.

C'ala,nites.-The fossil plants, so called, were originally classed by
most botanists as cryptogamous, being regarded as gigantic Eguisela;

C(ztami(c.q cannajornii., Seblot Cilamitea Suckowii Brong.;(Foss. Flo. 79.) o'nrnou in natural size. Common InEnglish coal, coal throughout Europe.
for, like the common "horsetail," they usually exhibit

Fig. 471.
little more than hollow jointed stems, furrowed ex

ternally. (See figs. 475, 476, 477.)
Mr. Salter stated to me, many years ago, his con

11 viction that the calamite, as frequently represented
t\tIJI11I ui by paleontologists, was in an inverted position, and

that the conical part given as the top of the stem was

\l1IIUII /JJ in truth the root. This point Mr. Dawson and I had
opportunities of testing in Nova Scotia, where we saw

llEjIIIii1 many erect calamites, having their radical termination
as in the annexed figure (fig. 477). The scars, from
which whorls of vessels have proceeded, are observed
at the upper, not the lower end of each joint or inter-

Radical termination of node.* The specimen, fig. 475, therefore, is no doubt
Nova the lower end of the plant, and I have therefore re-Sco 0.




versed its position as given in the work of Lindley
and Hutton.

N. Adolphø Brongniai.t, following up the discoveries of Germar andJorda, has shown in his " Gern dVég6taux Fossiles," 1840, that many
* 0




ee Dav80, Geol. Quart. Journal, 1851, vol. x. p. 35.

FIg. 476.Pig. 475.
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Calamities cannot belong to the Equiseta, nor probably to any tribe of

flowerless plants. He conceives that they are more nearly allied to the

Gymnospermous Dycotyledons. They possessed a central pith, surround

ed by a ligneous cylinder, 'which was divided by regular medullai'y rays.

This cylinder was surrounded in turn by a thick bark. Of fossil stems

having this structure Brongniart formed his genus Uala;nodendron, which

includes many species referred by Cotta, Pe.tzholdt, and Unger, to the

genus calaniitea. The Calamoclcndran is described as smooth exter

nally, its pith being articulated and marked with deep external vertical

strke, agreeing, in short, with 'what geologists commonly call a Calamite.

Since the appearance of Brongniart's essay, Mr. E. W. Binney has made

many important discoveries on the same subject; and Mr. 3. S. Dawes

has published (Quart.. Journ. Geol. Soc. Lond. 1851, vol. vii. p. 106) a

more complete account of this sin-
Fig. gular fossil. Their views have been

confirmed by Prof. Williamson of
Manchester, who has communicated

annexed cut (fig. 418), in 'which
to me a specimen, figured in the

we see an internal pith answering
.'




111"", 1 oil




in character to the Calamodcndron,
' i and yet having outside of it another

on its outer surface, so that in theI I I
.' jointed cylinder vertically grooved

'
, same stem we have one calamite

I




..'I.




enveloping another. Yet that they
both formed part of the same plant,

circum

stances:-1st. Near each articula-
I

uhlI

.,. is proved by the following circum-

tion of the pith, radiating spokes
Portion of a cala,,zite, near the base. &liowlng tho

external cylinder, connected by radiating se are seen to proceed and, penetrate
with the cast of the pith. Its position inverted the ligneous zone. One completeto allow the light to enter the cavity.
Coin inuiilcated by Prof. W. 0. Williamson. whorl or circle of these radii is

visible in the annexed figure near the bottom of the hollow cavity, 'whilst

another and superior whorl is incomplete; several radii, corresponding
to the first, remaining, while the rest have been broken away, their place

being shown by scars which they have left. 2dly. In addition to these

whorls, called medullary by Prof. Willinmson, there are seen in other

speciniciis a set of true or ordinary mcdullary rays. 8dly. Tile woodV

zone, penetrated both by the spoke-like vessels bel'orementioned and liv
the metlullary rays, is usually reduced to brown carbonaceous matter,

preserving merely a tendency to break in longitudinal slips, but in seine

specimens its fibrous tissue is retained, and resembles that of .Dadox'lon.

4thly. Outside of this zone ngmii is another cyhimnie;', suppose(l to have
been originally a thick cell ul:ir bark, nearly 0111:11 to onc-third of' the
whole stem iii diainetei', grooved and jointed cxtt'ri,:thlv li1' time pith.
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In Conclusion, I may remark, that these discoveries make it more and

more doubtful to what family the greater number of Calamites should be

referred. Their internal organization, says Prof. Williamson, was very

peculiar; for, while they exhibit remarkable affinities with gymno

spermous dicotylcdO11, the arrangement of their tissues differs widely from

that of all known forms of gymnosperms.

Asteroph!/lliteS._Th0 graceful plant represented in the annexed figure,

is supposed by M. Brougniart to be a branch of the Calamodendron,

and ho infers from its pith and medullary rays that it was dicotyledonous.

It appears to have been allied, by the nature of its tissue, to the gym

Fig. 470.

As(oroplqllliteafoUosa. (Foss. Flo. 25.) Coal-measures, Newcastle.

nogdn; and to Sigillaria. But under the head of As(erophylliles many

vegetable fragments have been grouped which probably belong to differ
ent genera. They have, in short, no character in common, except that
of possessing narrow, verticillate, one-ribbed leaves. Dr. Newberry, of
Ohio, has discovered in the coal of that country fossil stems which in
their upper part bear wedge-shaped leaves corresponding to Spkeno-
lLyllunz, while below the leaves are stalk-like and capillary, and would

have been called Astcrop/qjllltes if found detached. From this he infers
that Splienophyllun,.. was an aquatic plant, the superior and floating
leaves of which were broad, and possessed a compound nervation, while
the inferior or submersed leaves were linear and one-ribbed. "This
supposition," lie adds, "is further strengthened by the extreme length
and. tenuity of the branches of this apparently herbaceous plant, which
would seem to have required the support of a denser medium. than air."*

Sigillaria.___A large portion of the trees of the carboniferous period
belonged, to this gem., of which about thirty-five species are known.
The structure, both internal and external, was very peculiar, and, with
reference to

existing types very anomalous. They were formerly refer
re , y M. Ad. Brongulart, to ferns, which they resemble in the scala
riform texture of their vessels, and, in some degree, in the form of the

* Annals of Science, Cleveland, Ohio, 1853, p. 07.
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cicatrices left by the base of the leaf-stalks which have fallen off (see

fig. 480). But with these points of analogy to cryptogarnia, they corn-

FIg. 480. bine an internal organization much resembling

ZIT that of Sycads, and some of them are ascer

tained to have had long linear leaves, quite

! unlike those of ferns. They grow to a great

1 Ut1 ;j height, from 30 to 60, or even '70 feet, with

ilt( t. regular cylindrical stems, and without branch-

ealthough some species were dichotomouss,
'i towards the top. Their fluted trunks, from 1

I " . to 5 feet in diameter, appear to have decayed
4'T more rapidly in the interior than externally,

so that they became hollow when standing;
r and when thrown prostrate on the mud, they

I were squeezed down and flattened. Hence

'4 we find the bark of the two opposite sides (now
converted into bright shining coal) to consti-

S(qillarIa Zcv1qafa, Brong.




tute two horizontal layers, one upon the other,

half an inch, or an inch, in thickness. These same trunks, when they are

placed obliquely or vertically to the planes of stratification, retain their

original rounded form, and are uncompressed, the cylinder of bark having
been filled with sand, which now affords a cast of the interior.

Dr. Hooker still inclines to the belief that the Sigillariw may have

been cryptogamous, though more highly developed than any flowerless

plants now living. The scalariform structure of their vessels agrees pre
cisely with that of ferns.

Stigmaria.-This fossil, the importance of which has already been

pointed out, was formerly conjectured to be an aquatic plant. It is now
ascertained to be the root of Sigillaria. The connection of the roots with
the stern, previously suspected, on botanical grounds, by Brongniart, was
first proved, by actual contact, in the Lancashire coal-field, by Mr.

Binney. The fact has lately been shown, even more distinctly, by Mr.
Richard Brown, in his description of the S1gmaric occurring in the

FIg. 421.

Stigmarla attached to a trunk of Siqlituriu.

* The trunk in this cnso is referred by Mr. Brown to LephloJe;idron, but his
illustratior.s seem to show the usual markings assumed by &gillaria near t8
base.
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underelays of the coal-seams of the Island of Cape Breton, in Nova

Scotia.
In a specimen of one of these, represented in the annexed figure (fig.

481), the spread of the roots was 16 feet, and some of them sent out root-

lets, in all directions, into the surrounding clay.

In the sea-cliffs of the South Joggins in Nova Scotia I examined sev

eral erect Sigillari, in company with Mr. Dawson, and we found that

from the lower extremities of the truuk they sent out Stigmaricv as roots.

All the stools of the fossil trees dug out by us divided into four parts, and

these again bifurcated, forming eight roots, which were also dichotomous

when traceable far enough.
The manner of attachment of the fibres to the stern resembles that of a

ball and socket joint, the base of each rootlet being concave, and fitting
on to a tubercle (see figs. 482 and 483). Rows of these tubercles are

Fig. 4S.

Fig. 452.

Surfaco of another individual
of Enmo species, showingform of tubercles. (Foss.
P10.84.)




Stiginariaficoideg, Brong. One-fourth of not. size. (Foss. Plo. 82.)

arranged spirally round each root, which has always a medullary cavity
and woody texture, much resembling that of Sigillaria, the structure of
the vessels being, like it, scalariform.

C'onferw.-The coniferous trees of this period are referred to five genera; the woody structure of some of them showing that they were allied
to the .Araucarian division of pines, more than to any of our common
European firs. Some of their trunks exceeded 44 feet in height. Many,if not all of them, seem to have differed frm living Conifera?, in having
large piths; for Professor Williamson has demonstrated the fossil of the
Coal-measures called Slernbergia to be the pith of these frees, or rather
the cast of cavities formed by the sinking or partial absorption of the
original medullary axis (see figs. 484 and 485). This peculiar typo of
pith is observed in living plants of very different families, such as the com
mon Walnut and the White Jasmine, in which the pith becomes so re
duced, as simply to form a thin lining of the 31'LedulhaI'y cavity, acrosswhich transverse Plates of pith extend horizontally, so as to divide the
cylindrienj hofl0 into discoid iIltCl'Sl)aCCS. When these last have beenfilled up With inorganic matter, they constitute an axis to which, beforetheir true nature was known, the provisional name of Sternbcrqia (d, d,fig. 484) was given.
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Fig. 484.
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1. Fraganont of conIbrous wood, .Dadowi,10fl1
Endlichor, fricturd longitudinnily; from Coal-
brook Dale. V.'. 0. WiUlawson.'

a. Bark.
b. Woody zono or fibre (,plcuronchyma).
c. Medulla or p10..
d. Cast of hollow pill., or" SternberglL"

Fig. 485.

a.

C

In the above specimen the structure of the wood (b, figs. 484 and

485) is coniferous, and the fossil is referable to Endlieher's fossil genus
.Dadoxylon.
The fossil named Trigonocczrpon. (figs. 486 and 487), formerly supposed

Fl 480.

Tr4'onocarpum ovatun., Lindley & Ilntton.
Peel Quarry, Laiicw.blre.




Pig. 487.

(1'

'I'riionocarpum oliva'/ortu', Lln1lloy,
with Its fleshy envelope. Felling
Colliery, Newcastle.

to be the fruit of a palm, may now, according to Dr. Hooker, be referred,
.like the Stern licria., to the conifcrce. Its geological importance is great,
for so abundant is it in the Coal Measures, that in certain localities the
fruit of some species may be procured by the bushel; nor is there any
nart of the formation where they do not occur, except (lie undercinys and

Mnncht's(er Philos. Mcin.vu. ix. I 13f 1.
24

Mogntfied portion of fig. 484; transverse section.
C. Pith. b, b. 'Woody fibre. e, e. Madullary rays.
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limestone. ?.fhe sandstone, ironstone, shales, and, coal " itself, all contain

them. Mr. Binney has at length found in the clay-ironstone of Lanca

shire several specimens displaying structure, and from these, says Dr.

Hooker, we learn that the Trigonocarpo; belonged to that large section

of existing coniferous plants which bear fleshy solitary fruits, and not

cones. It resembled very closely the fruit of the Chinese genus Salisburia,

one of the Yew tribe, or Taxoid conifers. In five of the fossil specimens

there is evidence of four distinct integurnents, and of a large internal

cavity filled with carbonate of limo and magnesia, and probably once

occupied by the albumen and embryo of the seed. The general form of

the fossil when perfect is an elongated ovoid, rather larger than a hazie

nuL The exterior integument is very thick and cellular, and was no

doubt once fleshy (see fig. 487). It alone is produced beyond the seed,

and forms the beak. The second coal. was thinner, but hard, and marked

by three ridges. This coat., being all that commQuly remains in a fossil

state, has suggested the name of Trigonocarpon. Within this were the

third and fourth coats, both of which are very delicate membranes, and

may possibly have been two plates belonging to one membrane.

Grade of the Carbon.?feros .Flora.-On the whole, these fruits, says
Dr. Hooker, are referable to "a highly developed type, exhibiting exten

sive modifications of elementary organs for the purpose of their adaptation
to special functions, and these modifications are as great, and the adapta
tion as special, as any to be found amongst analogous fruits in the ex

isting vegetable world."* Professor Williamson, in his paper on Stern

bergia, has likewise remarked that its structure was complex, and that
"at a period so early as the carboniferous all the now-existing forms of

vegetable tissue appear to have been created." These pbservations de
serve notice, because a question has arisen-whether the Uon?ferce hold
a high or a low position among flowering plants,-a point bearing
directly on the theory of progressive development. By some botanists
all the Gyrnnospermous Dicotyledons are regaidàd its inferior in grade
to the Angiosperins. Others hold, with Dr. Hooker, that the Gymno
sperms are not inferior in rank, having every typical character of the

dicotyledons highly developed. Thus Coniferc have flowers, and are

propagated by seeds which are developed through the mutual action of
the stamens and ovules; they have distinct embryos, and germinate in a
definite manner. The seed-vessel (or ovary) is not closed, but this is also
the case in some genera of angiosperms, in which the ovary is open
before or after impregnation, so that this character cannot be relied on
as constituting a fundamental difference in structural development. The
Cothfere are exogenous, and have the same distinctions of pith, wood,
bark, and medull'y rays as have the angiospermous trees. Whether
the woody fibre with disks characteristic of Coniferte be a more or a
less complex tissue than the spiral vessels, is a controverted point. As
the spiral vessels occur in the young shoots, and are lost in the mature

*
Proceedings of (he Royal Society, vol. vii. March, 1854, p. 28.
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growth of some plants, and as they appear in: many acrogcn, they do
not' seem to mark a high development. In fine, there is much ambi

guity in deciding what should or should not be called high or low in

vegetable structure, and 'physiologists entertain very different abstract

ideas as to the perfection of certain organs and their relative func

tional importance, even where the function is clearly ascertained. It s

enough for the geologist to know, that fossil Conifeie abound in the

oldest rocks yielding a considerable number of vegetable remains, and
that plants of this order lay claim, if not to the highest at least to so

high a place in the scale of vegetable life, as to preclude us from char

acterizing the carboniferous flora as consisting of imperfectly developed
plants.

Although our data are confessedly too defective to entitle us to gen
eralize respecting the entire vegetable creation of this era, yet we may
affirm that so far as it is known it differed widely from any flora now

existing. The comparative inrity of Monocotyledons and of Dicotyle
donous Angiosperms seems clear, and the abundance of Ferns and Lyco
pods may justify Adoiphe Bronguiai't in calling the primary periods the

age of Acrogens.* ("La règne des Acrogens.") As to the Sigillari
and Calamites, they seem 'to have been distinct from all tribes of now

existing plants. That the abundance of ferns implies a moist atmo

sphere, is admitted by all botanists; but no safe conclusion, says hooker,
can be drawn from the Conifera alone, as they are found in hot and

dry and. in cold and dry, climates, in hot and moist and in cold and
moist regions. In New Zealand the.Conifere attain their maximum in
numbers, constituting B'd part of all the flowering plants; whereas
in a wide district around the Cape of Good Hope they do not form

0tli of the phenogamic flora. Besides the conifers, many species of
ferns flourish in New Zealand, some of them arborescent, together with

many lycopodiums; so that a forest in that country may make a nearer

approach to the carboniferous vegetation than any other now existing on
the glob.

Angiosperms.-Some of the grass-like leaves Fig. 488.
termed Poacites, having fine longitudinal stri, are

conjectured to belong to Monocotyledons; but the
determination is doubtful, as some of them may be
the leaves of Lepidokndra, others the stems of "/

Ferns. The curious plants called Antliolitiws by
Lindley have usually been considered to be flower

spikes, having what seems a calyx and linear petals
(see fig. 488). But Dr. Hooker suggests that these

'

may be rather tufts of scarcely opened buds with the

young leaves just bursting. He suggests that they
may be coniferous, although he cannot connect them
with any known fossil conifer.




Culliery, Newcastle.

For terminology of classification of lnnt, Bee above, note, p. 265.



872 COAL-ERECT FOSSIL TREES. [Cir. XXIV.

"
coal, iLowfor,fledEt

trees.-' shall now consider the manner in

which the above-mentioned plants are imbedded in the strata, and how

they may have contributed to produce coal. Professor Göppert, after

examining the fossil vegetables of the coal-fields of Germany, has

detected, in beds of pure coal, remains of plants of every family hitherto

known to occur fossil in the coal. Many scams, he remarks, are rich

in Sigillarku, Lepkloclenclr&, and StigmaricE, the latter in such abun

dance, as to appear to form the bulk of the coal. In some places, almost

all the plants were calamities, in others ferns.* . "Some of the plants of

our coal," says Dr. Buckland, "grew on the identical banks of sand, silt.,

and mud, which, being now indurated to stone and shale, form the strata

that accompany the coal; whilst other portions of these plants have

been drifted to various distances from the swamps, savannahs, and forests

that gave them birth, particularly those that are dispersed through the

sandstones, or mixed with fishes in the shale* bàds." "At Balgray, three

miles north of Glasgow," says the same author, "I saw in the year 1824,

as there still may be seen, an unequivocal example of the stumps of sev

eral stems of large trees, standing close together in their native place, in

a quarry of sandstone of the coal ibrmation."f
Between the years 1837 and 1840, six fossil trees were discovered in

the coal-field of Lancashire, where it is intersected by the Bolton rail

way. They were all in a vertical position, with respect to the plane of
the bed, which dips about 150 to the south. The distance between the
first and the last was more than 100 feet,, and the roots of all were im
bedded in a soft argillaceous shale. In the same plane witE the roots
is a bed of coal, eight or ten inches thick; hich has been ascertained
to extend across the railway, or to the distance of at least ten yards.
Just above the covering of the roots, yet beneath the coal seam, so large
a quantity of the Lepidoslrobus variabitis was discovered inclosed in nod
tiles of hard clay, that more than a bushel was collected from the small
openings around the base of the trees (see figure of this genus, p. 363).
The exterior trunk of each was marked by a coating of friable coal, va-
rying from one-quarter to three-quarters of an inch in thickness; but it
crumbled away on removing the matrix. The dimensions of 0110 of
the trees is 15 feet in circumference at the base, '1 feet at the top, its
height being 1.1 feet. All the trees have large spreading roots, solid
and strong, sometimes branching, and traced to a distance of several
feet, and presumed to extend much farther. Mr. ilawkslinw, who has
described these fossils, thinks that, although they were hollow when
submerged, they may have consisted originally of hard wood throughout; for solid dicotyledonous trees, when prostrated in tropical forests,
as in Venezuela, on the shore of the Caribbean Sea, were observed byhim to be destroyed in the interior, so that, little more is left. than an
outer shell,

consisting chiefly of the bark. This decay, he says, goes 0))
* Qunrt. Ocol..Tourn., vol. v., Mciii., j). 17.
t Anniv. Address to Gaol. Soc., 1810.
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most rapidly in low and flat tracks, in which there is a deep rich 8011
and excessive moisture, supporting tall forest-trees and large palms, below
which bamboos, canes, and minor palms flourish luxuriantly. Such tracts,

from their lowness, would be most easily submerged, and their dense vege
tation might then give rise to a seam of coal.*

In a deep valley near Capel-Cocibren, branching from the higher

pat of the Swansea valley, four stems of upright Sigillariw were seen,

in 1838, piercing: through the coal-measures of S. Wales; one of them

was 2 feet in diameter, and one 13 feet and a half high, and they were

all found to terminate downwards in a bed of coal. "They appear,"
says Sir H. Do Ia Beche, "to have constituted a portion of a subterranean
forest at the epoch when the lower carboniferous strata were formed."f

In a colliery near Newcastle, say the authors of the Fossil Flora, a

great number of Sigillathe were placed in the rock as if they had re

tained the position in which they grew. Not less than thirty, some of
them 4 or 5 feet in diameter, were visible within an area of O yards
square, the interior being sandstone, and the bark having been converted
into coal. The roots of one individual were found ithbedded in shale;
and the trunk, after maintaining a perpendicular course and circular form
for the height of about 10 feet, was then bent over so as to become hor
izontal. iero it was distended laterally, and flattened so as to be only
one inch thick, the flutings being comparatively distinctl Such vertical
stems are familiar to our miners, under the name of coal-pipes. One of
them, 12 feet in length, wñs discovered, in 1829, near Gosforth, about
five miles from Newcastle, in coal-grit, the strata of which it penetrated.
The exterior of the trunk was 'marked at intervals with knots, indicating
the points at which branches had shot off. The wood of the interior
had been converted into carbonate of lime; and its structure was beau

tifully shown by cutting transverse slices, so thin as to be transparent.
(See p. 40.)

These "coal-pipes" are much dreaded by our miners, for almost every
year in the Bristol, Newcastle, and other coal-fields, they are the cause
of fatal accidents. Each cylindrical cast of a tree, formed of solid sand
stone, and increasing gradually in size towards the base, and being with
out branches, has its whole weight thrown downwards, and receives no

support from the coating of friable coal which has replaced the bark.
As soon, therefore, as the cohesion of this external layer is overcome, the

heavy column falls suddenly in a perpendicular or oblique direction from
the roof of the gallery whence coal has been extracted, wounding or kill

ing the workman who stands below. It i. strange to reflect how many
thousands of these trees fell originally in their native forests in obe
dience to the law of gravity; and how the few which continued to stand
erect, obeying, after myriads of ages, the same force, are cast down to
immolate their human victims.

* Uawkehaw, Geol Trans., Second Series, vol. vi. pp. 173, 177, p1. 17.
f Ocol. Report on Cornwall, Devon, and Somerset, p. 143.
LndIcy and hutton, Foes. Flo. part 0, p. 160.
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It has been remarked, that if, instead of working in the dark, the

miner was accustomed to remove the upper covering of rock from each

seam of coal, and to ex- Fig. 4S9.

pose to the day the soils

on which ancient forests

grew, the cvideice of

their former growth
would be obvious. Thus




6
in South Staffordshire a

seam of coal was laid

bare' inthoyear l844,in
what is called an open /,
work atParkfieldCol- / .

" , .. 0 S

licry, near Wolverhamp- / . 5
0

ton. In the space of "

about a quarter of an 04,
acre the stumps of no less Ground-plan or a fossil '1brest ParkfIeld Colliery, near

Wolverhampton, showing tho position of 73 trees Inthan '73 trees with their a quarter of an acre.
roots attached appeared,
as shown in the annexed plan (fig. 489), some of them more than 8 feet
in circumference. The trunks broken off close to the root, were lying
prostrate in every direction, often crossing each other. One of them meas
ured 15, another 30 feet in length, and others less. They were invariably
flattened to the thickness of one or two inches, and converted into coal.
Their roots formed part of a stratum of coal 10 inches thick, which rested
on a layer of clay 2 inches thick, below which was a second forest, resting
on a 2-foot seam of coal. Five feet below this again was a third, forest
with large stumps of Lepicloclendra, (Jalamite; and other trees.

In the account given, in 1821, by M.Alex. Brongniartf of the coal-mine
of Treuil, at St. Etienne, near Lyons, lie states, that distinct horizontal strata
ofmicaceous sandstone are traversed by vertical trunks of monocotyledonous
vegetables, resembling bamboos or large' .Equiseta (fig. 490). Since the con
solidation of the stone, there has been here and there a sliding movement,
which has broken the continuity of the stems, throwing the upper parts of
them on one side, so that they are often not continuous with the lower.
From these appearances it was inferred that we have hero the
monu-mentsof a submerged forest. I formerly objected. to this conclusion,
suggesting that, in that case, all the roots ought to have been found at
one and the same level, and not scattered irregularly through the mass.
I also imagined that the soil to which the roots were attnchcd should
have been different from the sandstone in which the trunks are juclosed.
Having, however, seen calaniitcs near Pictou, in Nova Scotia, buried at
various heights in sandstone and in similar erect

attitudes)plan

I have nowlittle doubt that M. Broogniart's view was correct. These ts seemto have grown on a sandy soil, liable to be flooded from time to time,
* Messrs. Bceke,.t and Ick. Proceed. Geol. Soc. vol. iv. p. 287.j Anna1e des Mines, 1821.
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Fig. 400.

and raised by new accessions of sediment, as may happen in swamp2
near the banks of a large river in its delta. Trees which delight in

marshy grounds are not injured by being buried several feet deep at

their base; and other trees are continually rising up from new soils,

several feet above the level of the original foundation of the morass.

In the banks of the Mississippi, when the water has fallen, I have seen

sections of .a similar deposit in which portions of the stumps of trees

with their roots in situ appeared at many different heighth.'
When I visited, in 1843, the quarries of Treuil above-mentioned, the

fossil trees seen in. fig. 490 were removed, but I obtained proofs of other

forests of erect trees in the same coal-field.

Snags.-In 1830, a slanting trunk was exposed in Craigleith quarry,
near Edinburgh, the total length o(

Fig. 491. which exceeded 00 feet. Its diam-

eter at the top was about 7 inches,

and near the base it measured 5

feet in its greater, and 2 feet in its

lesser width. The bark was con

verted into a thin coating of the

_______ purest and Ilnest coal, forming a

striking contrast in color with the
L7=7--




white quartzoso sandstone in which

it la . The allitexed ligure repre-
IndUne position ofn fossil tree, enttln thrngli

horizontal hells of sanilMone, Cral1elL1i qnitr. sents a portion of this tree, about
ry. Ellnburgti. Anglo of Inclination from d 15 fteL long, which I saw exposedto 1' 270.




* PriucijJ1e4 of (Icul. t)tI id. . 2c,R.

Section showing the erect positIon or fossil trees in coal sandstone at
St. Etienno. (Alex. Broogniart.)
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in 1820, when all the strata had been removed from one side. The

beds 'which remained were so unaltered and undisturbed at the point of

junction,
as dearly to show that they had been tranquilly deposited

round the tree, and that the tree had not subsequently pierced through

them, while they were yet in a soft state. They were composed chiefly

of siliceous sandstone, for the most part white; and

divided into laminc so thin, that from six to fourteen

/1.
of them might be reckoned in the thickness of an

I inch. Some of these thin layers were dark, and
I
I . contained coaly matter; but the lowest of the in-

tersected beds were calcareous. The tree could not
4' ..




have been hollow when imbedded, for the interior

still preserved the woody texture in a perfect state,

reous.* It is also clear, that the lapidifyiug matterj
the petrifying matter being, for the most part, calea-

was not introduced laterally from the strata through
which the fossil passes, as most of these were not

02




calcareous. It is well known that, in the Mississippi
/ and other great American rivers, where thousands of

Igi £ trees float annually down the stream, some sinkU




',11




with their roots downwards, and become fixed in the40




mud. Thus placed, they have been compared to a

fi lance in rest and, so often do they pierce through the
'

bows of vessels which run S
against them, that theyP '

render the navigation extremely dangerous. Mr Hugh
V//I Miller mentions four other' huge trunks exposed in

quarries near Edinburgh, which lay' diagonally across
v " 2 the strata at an angle of about 300, with their lower-




o orheavier portions downwards,tho roots of all, save one,
rubbed oft' by attrition. One of these was 00 and an
other '70 feet in length, and from 4 to 6 feet in diameter.

I The number of years for which the trunks of trees,
I

when constantly submerged, can resist decomposition,
L




\, is very great; as we might suppose from the durability
of wood,in artificial piles, permanently coveredby water.
Hence these fossil snags maynot implya rapid accumu
lation of beds ofsand, although the channel of a river or

7
part of a lagoon is often filled up in a very few years.
Nova Scotia.-Ono of the finest examples in the

world ofa succession offossil forests of the carboniferous

period, laid open to view in a natural section, is that
seen in the lofty cliffs, called the South J'oggins, bor

dering the Chignecto Channel, a branch of the Bay of

Fundy, in Nova Scotia.t* See figures of texture, Witham, Foss. Veget. pL 3.
j. Sec Lyell's Travels in N.America, vol. ii. p. 179 ; ad Dttvson, Geol. Joiirn. No. 37
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" in the annexed section (fig. 492), which I examinid in July, 1842,

the beds from c to i are seen all dipping the same way, their average
inclination being at an angle of 24° S. S. W. The vertical height of the

cliffs is from 150 to 200 feet; and between ci and g, in which space I

observed seventeen trees in an upright position, or, to speak more cor

rectly, at right angles to the planes of stratification, I counted nineteen

seams of coal, varying in thickness from 2 inches to 4 feet. At low tide

a fine horizontal section of the same beds is exposed to view on the

beach. The thickness of the beds alluded to, between ci and g, is about

2500 feet, the erect trees consisting chiefly of large Sigillarice, occurring
at ten distinct levels, one above the other; but Mr. Logan, who after

wards made a more detailed survey of the same line of cliffs, found erect

trees at seventeen levels, extending through a vertical thickness of 4515
feet of strata; and lie estimated the total thickness of the carboniferous
formation, with and without coal, at no less than 14,570 feet., everywhere
devoid of marine organic 1cmains.* The usual height of the buried
trees seen by me was from 6 to 8 feet; but one trunk was about 25 feet

high and 4 feet in diameter, with a considerable bulge at the base. In
no instance could I detect any trunk intersecting a layer of coal, how
ever thin; and most of the trees terminated downwards in seams of coal

Some few only were based in clay and shale; none of them, except
calamiles, in sandstone. The erect trees, therefore, appeared in general
to have grown on beds of coal. In the underelays S1qznaria abounds.

In 1852 Mr. Dawson and the author made a detailed examination of

one portion of the strata, 1400 feet thick, where the coal-seams are most

frequent, and found evidence of root-bearing soils at sixty-eight different
levels. Like the seams of coal which often cover them, these root-beds
or old soils are at present the most destructible masses in the whole cliff,
the sandstones and laminated slinks being harder and more capable of

resisting the action of the waves and the weather. Originally the re
verse was doubtless true, for in the existing delta of the Mississippi those

clays in which the innumerable roots of the deciduous cypress and other

swamp trees ramify iii all directions are seen to withstand far more effec

tually the undermining power of the river, or of the sea at the *base of
the delta, than do beds of loose sand or layers of mud not supporting
trees.

This fact may explain why seams of coal have so often escaped denu
dation, and remain continuous over wide areas, since the tough roots, now
turned to coal, which once traversed them, would enable them to resist a
current of water, whilst other members of the coal-formation, in their

original and tniconsolida(ed state of sand and mud, would be readily re
moved.

In regard to the plants, they belonged to the same genera, and most
them to the same species, as those met with in the distant coal-fields

of Europe. In the sandstone, which filled their intetiors, I frequently
observed fern-leaves, :ind sometimes fragments of Stigmaria, which had

Quart. Geol. Jourii. vol. ii. p. 17.
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evidently entered together with sediment after the trunk had decayed and

become hollow, and while it was still standing under water. Thus the tree,

a 6, fig. 493, the same which is represented at a, fig. 494, or in the bed e in

the larger section, fig. 492, is a hollow trunk 5 feet 8 inches in length, tra

versing various strata, and cutoff at the top by a layer of clay 2 feet thick

Fig. 498

Jbj




Pig. 494.

Erect fossil trees. Coal-measures, Nova Scotia.
on which rests a scam of coal (b, fig. 494) 1 foot thick. On this coal
again stood two large trees c and il), while at a greater height the trees
/ and g rest upon a thin seam of coal (e), and above them is an under
clay, supporting the 4-foot coal.

11 we now return to the tree first mentioned (fig. 493), we find the
diameter (a b) 14 inches at the top and 16 inches at the bottom, the
length of the trunk 5 feet 8 inches. The strata in the interior consisted
of a series entirely different from those on the outside. The lowest of
the three outer beds which it traversed consisted of purplish and blue
shale (c, fig. 493), 2 feet thick, above which was sandstone (d) 1 foot
thick, and.abovc this clay (c) 2 feet 8 inches. But, in the interior, were
nine distinct layers of different composition: at the bottom, first, shale 4
inches, then sandstone 1 foot, then shale 4 inches, then sandstone 4 inches,
then shale ii inches, then clay (I) with nodules of ironstone 2 inches,
then lure clay 2 feet, then sandstone 3 inches, and lastly, clay 4 inches."

Fossil treo at right angles to planes of stratification.
Coal measures, Nova Scotia.
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Owing to the outward slope of the face of the cliff, thesection (fig. 403)
was not exactly perpendicnlarto the axis of the tree; and hence, probably,
the apparent sudden termination at the base 'without a stump and roots.

In this example the layers of matter in the inside of the tree are more

numerous than those without; but it is more common in the coal

measures of all countries to find a cylinder of pure sandstone,-the cast

of the interior of a tree, intersecting a great many alternating beds of

shale and sandstone, 'which originally enveloped the trunk as it stood

erect in the water. Such a want of correspondence in the materials

outside and inside, is just what we might epet if we reflect on the

difference of time at which the deposition of sediment will take place in

the two cases; the imbedding of the tree having gone on for many
years before its decay had made much progress.

In many places distinct proof is seen that the enveloping strata took

years to accumulate, for some of the sandstones sulTounding erect sigilla
nan trunks support at different levels roots and sterns of C'alaniitei; the
Calanzites having begun to grow after the older Sigillari bad been par
tially buried.
The general absence of structure in the interior of the large fossil

trees of the Coal implies the very durable nature of their bark, as

compared with their woody portion. The same difference of dura

bility of bark and wood exists in modern trees, and was first pointed
out to me by Mr. Dawson, in the forests of Nova Scotia, where the
Canoe Birch (Betuld papyrcicea) Las such tough bark that it may
sometimes be seen in the swamps looking externally sound and fresh,

although consisting simply of a hollow cylinder with all the wood de

cayed and gone. In such cases the submerged portion is sometimes
found filled with mud.
One of the erect fossil trees of the South Joggins has been shown by

Mr. Dawson to have Araucarian structure, so that some fJonjfer of the
Coal period grew in the same swamps as sS'igillaricv, just as now the
deciduous Cypress (Taxoc1iun dislichum) abounds in the marshes of
Louisiana, even to the edge of the sea.
When the carboniferous forests sank below high-water mark a spe.

dies of Spirorbis or Serpula (fig. 408) attached itself to the outside
of the stumps and stems of the erect trees, adhering occasionally
even to the interior of the bavk,-another proof that the process of

envelopment was very gradual. These hollow upright trees, covered
with innumerable marine annelids, reminded me of a "cane-brake,"
as it is commonly called, consisting of tall reeds of ilrundinaria
macrosperma, which I saw, in 1840, at the Balize, or extremity of the
delta of the Mississippi. Although these reeds are freshwater plants,
they were covered with barnacles, having been killed by an incursion
of salt water over an extent of many acres, where the sea had for
a season usurped a space previously gained from it. by the river.
Yet the dead reeds, in spite of this change, remained standing in the
soft mud, showing how easily the Si,i1Iuriw, hollow us they were
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but supported by strong roots, may have resisted an incursion of

the sea.
The high tides of the Bay of Funcly, rising more than 60 feet, are so

destructive as to undermine and sweep away continually the whole face

of the cliffs, and thus a new crop of erect fossil trees is brought into

view every three or four years. They are known to extend over a space

between two or three miles from north to south, and more than twice

that distance from east to vest, being seen in the banks of streams inter

secting the coal-field.

in Cape Breton, Mr. Richard BL-own has observed in the Sydney

coal-field a total thickness of coal-measures, without including the

underlying millstone-grit, of 1843 feet, clipping at an angle of 8°.

He has published minute details of the whole series, showing at how

many different levels erect trees occur, consisting of Sigillaria, Le-

idodendron, Ualamilcs, and other genera. In one place eight erect

trunks, with roots and rootlets tttachcd to them, were seen at the

same level, within a horizontal space 80 feet in length. Beds of coal

of various thickness are interstratifiecl. Taking into account forty
one clays filled with roots of Stigmcira in their natural position,
and eighteen layers of upright trees at other levels, there is, on the
whole, clear evidence of at least fifty-nine fossil forests, ranged one
above the other, in this coal-field, in the above-mentioned thickness
of strata.
The fossil shells of Cape Breton and those of the Nova Scotia section

(p. 378) consisting of Cypris, Unio (?), Afocliola, and an annelid proba
bly of the genus Spirorbis (see fig. 498), seem to indicate brackish water;
but we ought never to be surprised if, in pursuing the same stratum, we
should come either to a freshwater or a purely marine deposit; for this
will depend upon our taking a direction higher up or lower down the
ancient river or delta deposit

In the strata above described, the association of clays supporting up
light trees, with other beds containing marine and brackish-water shells,
implies such a repeated change in the same area, from land to sea and
from sea to land, that here, if anywhere, we should expect to meet with
evidence of the fall of rain on ancient .sea-beaches. Accordingly rain-prints
vero seen by me and Mr. Dawson L various levels, but the most perfecthitherto observed were discovered by Mr. Brown near Sydney in 'CapeBreton. They consist of very delicate impressions of rain-drops on greenish slates, with several worm-tracks (a, b, fig. 405), such as usually accom
pany rain-marks on the recent mud of the Bay of Fundy, and other
modern benches.

The casts of rain-prints, in figs. 406 and 491, project from the underside of "
two layers, occurring different levels, the one a sandyshale, resting on the green shale (fig. 405), the other a sandstone

presenting a similar warty or blistered surface, on which are also

* Geol. QuarL Journ. vol. ii. p. 393; and vol. vi p. 115.



OIL XXIV.J COAL-RAIN-PRINTS. 381.

FIg. 495.

((V' :;T V-
'

(T-

b- -TQ-T 'F
-/#

: I-




40




Fig. 496.

Fig. 405. Crboniferous rain-prints with vnrin.traek (a, b) on green ha1e1 from Cape
Breton, ova Scotia. Eat urui size.

Fig. 496. casts ofrnln.prints on a portion of the same slab, fig. .195, seen on the under
klo of an Incumbent layer ofnrennceous shale. .iVattz rat size.
The arrow represents (lie supposed direction of the shower.

observable some small ridges as at a, which stand out in relief, and

afford evidence of cracks formed by the shrinkage of subjacent clay, on

Fig. 497.

which rain had fallen. Many of the associated sandstones are ripple
marked.
The great humidity of the climate of the coal period had been pre

viously inferred from the nature of its vegetation and the continuity of
its forests for hundreds of miles; but it is satisfactory to have at length
obtained such positive prooc of showers of rain, the (1101)5 of which

rcsernbjed in their :tveligo size those which now fill from the clouds.
From such data we may presume that the atmosphere of the carbo
niferous period corresponded in density with that now investing 1110

globe, and that ditlirent currents of air varied theit as now in tempera-

--<-

11g. 407. Casts of carbonhicrous rztln.prints nuti hrinknga.cracks (a) on the under
hdo of a layer of sandstone, Cape Breton, Nova Scotia. Eaturai Size.
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inexhaustible of sediment, which, seems h.we been tr~n~110rtCd 
over ftll~ITlal plilins so far from the higher gro~~ntla k t  nil courser par ti- 
& nnd gravel were left beliind. Such plicnomeua imply llie cIi*ainngo 
and dcmulfition of a continent or Inrgo island, having within it 0110 or 
more ranges of mountains. The pmI;~\ intwmiliili on of I i ~ c k i s l i - ~  sit~r 
beds ftt certain points is equally consistentwith tho theory of a deltfi, tho 
lower parts of which firo always exposed to bo overflowed by tbc sea oven 
where no oscillations of level are cxpcricnccil. 

The purity of the coal itself, or the nbsonco in i t  of earthy particles 
and sand, throughout areas of vast extent, is a fact which appears very 
difficult to explain when we attribute cadi coal-seam to a vegetation 
growing in swamps. It has been nskcd how, during river inundations, 
cnpnble of sweeping away tlie lemes of ferns and the stems and foots of 
Sigitlarice and other trees, could, the waters fail to transport some fine 
nuil into the swamps ? Ono generation after another of (all trees grew 
with their roots in mud, and their leaves and prostrate trunks formed 
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trees and semi-aquatic plants. As a singular proof of this fact) I may
mention that, whenever any part of a swamp in Louisiana is dried up,

during an unusually hot season, and the wood set on fire, pits are

burnt into the ground many feet deep, or as fur down as the fire can

descend, without meeting with water, and it is then found that scarcely

any residuum or earthy matter is left..* At the bottom of all these

"cypress swamps" a bed of clay is found, with roots of the tall cypress

(Taxodiuni dss(icltum), just as the unclerclays of the coal are filled with

Stigmaria.
It has been already stated, that the carboniferous strata at the South

Joggins, in Nova Scotia, are nearly three miles thick, and the coal

measures are ascertained to be of vast thickness near Pictou, more than

100 miles to the eastward. If, therefore, we speculate on th probable
volume of solid matter, contained in the Nova Scotia coal-fields, there

appears little danger of erring on the side of excess if we take the

average thickness of the beds at '1500 feet, or about half that ascertained
to exist in one carefully-measured section. As to the area of the coal
field, it includes a large part of New Brunswick to the west, and extends
north to Prince Edward's Island, and probably to the Magdalen Isles.
When we add the Cape Breton beds, and the connecting strata, which
must have been denuded or are still concealed beneath the waters of the
Gulf of St.. Lawrence, we obtain an area comprising about 36,000 square
miles. This, with the thickness of '7500 feet before assumed, will give
51,000 cubic miles of solid matter as the volume of the carboniferou
rocks.
The Mississippi would take more than two million of years to convey

to the Gulf of Mexico an equal quantity of solid matter in the shape
of sediment, assuming the average discharge of water, in that great river
to bQ as calculated by Mr. Foi'shey, 450,000 cubic feet per second,
througaout the year, and the total quantity of mud to be, as estimated by
Mr. Riddell, 3,702,758,400 cubic feeLin the year.f

The Ganges, according to the data supplied to me by Mr.' Everest and
Captain Strachey, conveys so much larger a volume of solid matter an

nually to the Bay of Bengal, that it might accomplish a similar task in
375,000 years, or in less than a fifth of the time which the Mississippi
would require.
As the lowest of the carboniferous strata of Nova Scotia, like the

middle and uppermost., consist of shallow-water beds, the whole vertical
subsidence of three miles, at the South Joggins, must have taken place
gradually. If then this depression was brought. about in the course of
375,000 years, it did not exceed the rate of four feet in a century, resem
hUng that now experienced in certain countries, where, whether the

" Lyefl'8 Second Visit to the U. S., vol. ii. p. 2.15; and American Journ. of
Science, 2d series, vol. v. p. 17.

f Principles of Geology, 9th ed. 1853, p. 273.
Ibid. 1853.1). 283.
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movement be upward or downward, it is quite insensible to the inhabi

tants, and only known by scientific inquiry, If, on the other hand, it

was brought about in two millions of years according to the other stan

dard before alluded. to, the rate would be only six inches in a century.

But the same movement taking place in an upward direction would be

sufficient to uplift a portion of the earth's crust to the height of Mont

Blanc, or to a vertical elevation of three miles above the level of the sea.

The delta of the Ganges presents in one respect a striking parallel to

the Nova Scotia coal-field, since at Calcutta at the depth of eight or ten

feet from the surface the buried stools of trees with their roots attached

have been found in digging tanks, indicating an ancient soil now under

ground; and, in boring on the same site for an Artesian well to the

depth of 481 feet, other signs of ancient forest-covered lands and peaty
soils have been observed at several depths, oven as far down as 300 feet
and more below the level of the sea. As the strata pierced through con
tamed freshwater remains of recent species of plants and animals, they
imply a subsidence,which has been going on contemporaneously with the
accumulation of fiuviatile mud.

In the English coal-fields the same association of fresh, or rather
braeldsh-water strata, with marine, in close connection with beds of coal
of terrestrial origin, has been frequently recognized. Thus, for cxamle,
a deposit near Shrewsbury, probably formed in brackish water, has been
described by Sir R. Murchison as the youngest member of the
carbo-niferouseries of that district, at the point where the coal-measures are
in contact with the Permian or "Lower New Red." It consists of shales
and sandstones about 150 feet thick, with coal and traces of plants;
including a bed of limestone, varying from 2 to 9 feet in thickness, which
is cellular, and resembles some lacustrine limestones of France and. Ger
many. It has been traced for 30 miles in a straight line, and can be
recognized at still more distant points. The characteristic fossils are a
small bivalve, having the form of a Uyclas or Uyrena, also a small ento
mostracan which may be a Uypris, or, if marine, a cyiltero (fig. 409),and the microscopic shell of an annelid of an extinct genus called Micro-'

(fig. 498), allied to Serpula or Spirorbis.

Fig. 499.

a. 1(icroconcJ (.ptrorbIe)carbonarjua. Nat. tzo1and mngn%fled.
b. var. ofiamo.




Fig. 499.

(Jyprfs F inflafa (or (fyiherdfl
Nat. izo, and xuogntfled.
MurcL5on.*

Silurian System, p. 84.
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In the lower coal-measures of Coalbrook Dale, the strata, accord

ing to Mr. Prestwich, often change completely within very short dis

tances, beds of sandstone passing horizontally into clay, and clay intc

sandstone. The coal-seams often wedge out or disappear; and sections,

at places nearly contiguous, present marked lithological distinctions.

In this single field, in which the strata are from '100 to 800 feet thick,

between forty and fifty species of terrestrial plants have been discovered,

besides several fishes of the genera Mcgalichth?Js, Holoptychins, and

others. 1rustacc also are met with, of the . .
genus Limulus (see fig. 500), resembling in

all essential characters the Limuli of the
Oohitic period, and the king-crab of the
modern seas. They were smaller, however,
than the living form, and had the abdomen

deeply grooved across, and serrated at its

edges. In this specimen, the tail is wanting;




I
but in another, of a second species, from
Conibrook Dale, the tail is seen to ñgree with Li,nUl?:R roiunJa1u1 Prstwicli.

Coal, Coabrook Dale.that of the living Limtilus.
The perfect carapace of a long-tailed or decapod crustacean has

also been found in the iron-stone of these strata by Mr. Ick (see fig.
501). It is referred by Mr. Salter to Glypitea, a genus also occur-

ring in the Lias and Oolite. There are also
Fig 501.

upwards of forty species of mohlusca, among
which are two or three referred to the fresh
water genus Unio, and others of marine
forms, such as Nautilus, Orthoceras, Spirfer,

the intermixture of beds containing freshwater
and Procluctus. Mr. Prestwich suggests that

0

shells with others full of marine remains,
and the alternation of coarse sandstone and

conglomerate with beds of fine clay or shale

containing the remains of plants, may be ex-
Gtypliea? dubia, Salter.

plainl by supposing the deposit of Conibrook Svi. .4 pu dubliza, MOno Edwar4.
io oldest recorded

crustacean. (orDale to have originated in a bay of the sea or long-tailed) crustacean. Coal.

estuary into which flowed a considerable river
measures, Coalbruok Dale.

subject to occasional frcshes.*
One or more specks of scorpions, two beetles of the family C'urcu

lionidw, and a neuropterous insect resembling the genus c'ori,dalis, and
another related to the Phasmidw, have been found at Coalbrook Dale.
From the Coal of Wetting in Westphahia several specimens of the cock
roach or IJiatta family, and the wing of a cricket (ilcriditcs), have been
described by Gcrmar.f

* Prestwichi, Geol. Trans., 2d scrie, vol. V. p. 440.
f See Müzlstcr'8 Beitr. vol. v. pl. 13, 1842.

25
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More recently (1854) Mr. Fr. Goldenberg has published descriptions

of no less than twelve species of insects from the nodular clay-iron-stone

of Saarbrtlck near Treves.* They are associated with the leaves and

branches of fossil ferns. Among them are several Blattinw, three species

of Heuroptera, one beetle of the Scarabccus family, a grasshopper 01'

locust, Gryllacris (see fig. 502), and several white ants or Termites.

Fig. 502.

These newly-added species probably outnumber all we knew before of
the fossil insects of the coal.

In the Edinburgh coal-field, at Burdileliouse, fossil fishes, mollusks,
and cyprides (?), very similar to those in Shropshire and Stafford
shire, have been found by Dr. Hibbert. In the coal-field also of
Yorkshire there are freshwater strata, some of which contain shells
referred to the genus Unio; but in the midst of the series there is one
thin but very widely-spread stratum, abounding in fishes and marine
shells, such as (]oniatiles Listen (fig. 503), OrtiLoceras, and Avicula
paygracea, Golcif. (fig. 504).

Pig. 503. Pig. bud.

GoniaUCea Lister(,Martin, ap.

No similarly intercalated layer of marine shells has been noticed in
the neighboring coal-field of Newcastle, where, as in South Wales and

' Paiwont. Dunker and "V. Meyer, vol. iv. p. 11.

Wing of a Grasshopper.
Gryllacris Zi(lzanthraca, Goldoubcrg.

Coal, Saarbriick near Trcves.

4rlouZa papyracea. Goldi'.
(Pecten papyraceus, Sow.)
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Somersotshire, the marine deposits are entirely below those containing
terrestrial and freshwater rémains.*

Clay-iron-stone.-Bands and nodules of clay-iron-stone are common
in coal-measures, and are formed, says Sir II. De la Beche, of carbonate
of iron, mingled mechanically with earthy matter, like that constituting
the shales. Mr. Hunt of the Museum of Practical Geology, instituted.
a series of experiments to illustrate the production of this substance, and
found that decomposing vegetable matter, such as would be distributed

through all coal strata, prevented the farther oxidation of the proto-salts
of iron, and converted the peroxide into protoxide by taking a portion
of its oxygen to form carbonic acid. Such carbonic acid, meeting with
the protoxide of iron in solution, would unite with it and form a car
bonate of iron; and this mingling with fine mud, when the excess of
carbonic acid was removed, might form beds or nodules of argillaceous
iron-stone.f




CHAPTER XXV.

CARBONIFEROUS cnoui'-continued.

Coal-fields of the United States-Section of the country between the Atlantic
and Mississippi-Position of land in the carboniferous period eastward of the
Alleghanies-Mechanically formed rocks thinning out westward, and limest.ones
thickening-Uniting of many coal-seams into one thick bed-Horizontal coal
at Brownsville, Pennsylvania-Vast extent and continuity of single seams of
coal-Ancient river-channel in Forest of Dean coal-field-Climate of carbo
niferous period-Insects in coal-Rarity of air-breathing animals-Great num
ber of fossil fish-First discovery of the skeletons of fossil reptiles-Footprintsof reptilians-First land-shell found-Rarity of air-breather; whether verte
brate or invertebrate, in Coal-measures-Mountain limestone-Its corals and
marine shells.

IT was stated in the last chapter that a great uniformity prevails in
the fossil plants of the coal-measures of Europe and North America;
and I may add that four-fifths of those collected in Nova Scotia have
been identified with European species. Hence the former existence. at
the remote period under consideration (the carboniferous) of a continent
or chain of islands where the Atlantic now rolls its waves seems a fair
inference. Nor are there wanting other and independent proofs of such
an ancient land situated to the eastward of the present Atlantic coast of
North America; for the geologist deduces the same conclusion from the
mineral composition of the carboniferous and some older groups of rocks
as they are developed on the eastern flanks of the Alleghanies, contrasted
with their character in the low country to the westward of those moun
Lains.
The annexed diagram (fig. 505) will assist the reader in under-

* Phillips; art. 11
Geology," Encyc. Metiop. p 592.

f Memoirs nf Ocol. Survey, pp. 51, 255, &c.



Fig. 605.

Diagram explanatory of the geological structure of a part of the United States between the
Atlantic and the MiasiasippL

Appalachian Coal Field.
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standing the phenomena now alluded to, although I must guard him

against supposing that it is a true section. A great number of details

have of necessity been omitted, and the scale of heights and horizontal

distances are unavoidably falsified.

Starting from the shores of the Atlantic, on the eastern side of the

Continent, we first come to a low region (A n), which was called the

alluvial plain by the first geographers. It is occupied by tertiary and

cretaceous strata, before described (pp. 180, 231, and 254), which are

nearly horizontal. The next belt, from n to a, consists of granitic rocks

(hypogene), chiefly gneiss and mica-schist, covered occasionally with

uuconfbrmable red sandstone, No. 4 (New Red or Trias ?), remarkable

for its footprints (see p. 346). Sometimes, also, this sandstone rests

on the edges of the disturbed paleozoic rocks (as seen in the section).

The region (n c), sometimes called the "Atlantic Slope," corresponds

nearly in average width with the low and flat plain (A n), and is charac

terized by hills of moderate height, contrasting strongly, in their rounded

shape and altitude, with the long, steep, and lofty parallel ridges of the

Allegliany mountains. The out-crop of the strata in these ridges, like

the two belts of hypogene and newer rocks (A u, and n a), above alluded

to, when laid down on a geological map, exhibit long stripes of different

colors, running in a N. E. and S. W. direction, in the same way, as the

has, chalk, and other secondary formations in the middle and eastern

half of England.
The narrow and parallel zones of the Appalachians here mentioned,

consist of strata, folded into a succession of convex and concave flexures,

subsequently laid open by denudation. The component rocks are of

great thickness, all referable to the Silurian, Devonian, and Carboniferous
formations. There is no principal or central axis, as in the Pyrenees and

many other chains-no nucleus to which all the minor ridges conform;

but the chain consists of many nearly equal and parallel foldings, having
what is termed an antichinal and synclinal arrangement (see above, p. 48).
This system of hills extends, geologically considered, from Vermont to
Alabama, being more than 1000 miles long, from 50 to 150 miles broad,
and varying in height from 2000 to 6000 feet. Sometimes the whole

assemblage of ridges runs perfectly straight for a distance of more than

50 miles, after which all of them wheel round altogether, and take a new
direction, at an angle of 20 or 30 degrees to the first..
We are indebted to the state surveyors of Virginia and Pennsylvania,

Prof. W. B. Rogers and his brother Prof. II. D. Rogers, for the import
ant discovery of a clue to the general law of structure prevailing through
out this range of mountains, which, however simple it may appear when
once made out and clearly explained, might long have been overlooked,
amidst so great a mass of complicated details. It appears that the bend

ing and fracture of the beds is greatest on the southeastern or Atlantic
side of the chain, and the strata become less and less disturbed as we go
westward, until at length they regain their original or horizontal posi
tion. By reference to time section (fig. 505), it will be seen that on the
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eastern side, or in the ridges and troughs nearest the Atlantic, south

eastern dips predominate, in consequence of the beds having been folded

back upon themselves, as in i, those on the northwestern side of each arch

having been inverted. The next set of arches (such as A) are more open,

each having its western side steepest; the next (1) open out still more

widely, the next (m) still more, and this continues until we arrive at the

low and level part of the Appalachian coal-field (D E).

In nature or in a true section, the number of bendings or parallel

folds is so much greater that they could not be expressed in a diagram

without confusion. It is also clear that large quantities of rock have

been removed by aqueous action or denudation, as will appear if we

attempt to complete all the curves in the manner indicated by the dotted

lines at i and k.

The movements which imparted so uniform an order of airangement
to this vast system of rocks must have been, if not contemporaneous, at

east parts of one and the same series, depending on some common cause.

Their geological date* is well defined, at least within certain limits, for

they must have taken place after the deposition of the carboniferous
strata (No. 5), and before the formation of the red sandstone (No. 4).
The greatest disturbing and denuding forces have evidently been ex
erted on the southeastern side of the chain ; and it is here that igneous
or plutonic rocks are observed to have invaded the strata, forming dykes,
some of which run for miles in lines parallel to the main direction of the

Appalachians, or N. N. E. and S. S.W.
The thickness of the carboniferous rocks in the region o is very great,

and diminishes rapidly as we proceed to the westward. The surveys of

Pennsylvania and Virginia show that the southeast was the quarter
whence the coarser materials of these strata were derived, so that the an
cient land lay in that direction. The conglomerate which forms the gen
eral base of the coal-measures is 1500 feet thick in the Sharp Mountain,
where I saw it (at c) near Pottsvillc; whereas it has only a thickness of
500 feet about thirty miles to the northwest, and dwindles gradually

iaway
when foHowed stiU farther in the sarne direction, until its thickness

s reduced to 30 feet. The limestones, on the other hand, of the coal
measures2 augment as we trace them westward. Similar observations
aye been made in regard to the Silurian and Devonian formations in
New York; the sandstones and all the mechanically-formed rocks thin
ning out as they go westward, and the lirnestones thickening, as it were,
at their expense. It is, therefore, clear that the ancient land was to the
east, where the Atlantic now is; the deep sea, with its banks of coral
Dfld shells to the west, . where the hydrographical basin of the Missis
sippi is flow situated.

In that region, near Pottsvillc, where the thickness of the coal-incasures is greatest, there are thirteen seams of anthracjjjc coal, several of
them more than 2 yards thick. Some of the lowest of these alternate

* H. D. ltoger8, Trane. Assoc. Amer. Geol. 1840-42, p. 440.
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with beds of white grit and conglomerate of coarser grain than I ever

saw elsewhere, associated with pure coal. The pebbles of quartz ar

often of the size of a hen's egg. On following these pudding-stones and

grits for several miles from Pottsvillo, by Tamaqua, to the Lehigh Sum

mit Mine, in company with Mr. U. D. Rogers, in 1841, he pointed out

to me that the coarse-grained strata and their accompanying shales

gradually thin out, until seven seams of coal, at first widely separated,
are brought nearer and nearer together, until they successively unite; so

that at last they form one mass, between 40 and 50 feet thick. I saw

this enormous bed of anthracite coal quarried in the open air at Mauch

Chunk (or the Bear Mountain), the overlying sandstone, 40 feet thick,

having been removed bodily from the top of the hill, which, to use the

miner's expression, had been "scalped." The accumulation of vegetable
matter now constituting this vast bed of anthracite, may perhaps, before

it was condensed by pressure and the discharge of its hydrogen, oxygen,
and other volatile ingredients, have been between 200 and 300 feet
thick. The origin of such a vast thickness of vegetable remains, so un
mixed with earthy ingredients, can, I think, be accounted for in no other

way, than by the growth, during thousands of years, of trees and ferns,
in the manner of peat,-a theory which the presence of the Stigmaria
in situ under each of the seven layers of anthracite, fully bears out.

The rival hypothesis, of the drifting of plants into a sea or estuary, leaves

the absence of sediment, or, in this case, of sand and pebbles, wholly un

explained.
But the student will naturally ask, what can have caused so many

seams of coal, after they had been persistent for miles, to come together
and blend into one single seam, and that one equal, in the aggregate,
to the thickness of the several separate seams? Often had the same

question been put by English miners before a satisfactory answer was

given to it by the late Mr. Bowman. The following is his solution of
the problem. Let a a', fig. 506, be a mass of vegetable matter, capable,

Fig. 500.
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when condensed, of forming a 3-foot seam of coal. It rests on tho
underelay b 1/, filled with roots of trees in situ, and it supports a grow
ing forest (c D). Suppose that part of the same forest D E had become
submerged by the ground sinking down 25 feet., so that the trees have
been partly thrown down and partly renlaill erect in water, slowly de-
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caying, their stump3 and the lower parts of their trunks being enveloped

in layers of-sand and mud, which are gradually filling up the lake I) F

When this lake or lag on has at length been entirely silted up and

convertedinto land, say, in the course of a Century, the forest c D will

extend once more continuously over the whole area CF, as in fig. 507,

and another mass of egetable matter (gif), forming 3 feet more of

coal, may accumulate from c to F. We then find in the region F, two

seams of coal (a' and g') each 3 feet thick, and spar:ited by 25 feet of

sandstone and shale, with erect trees based upon the lower coal, while,

between D and c, we find these two seams united into a 2-yard coal.

It may be objected that the uninterrupted growth of plants during the

interval of a century will have thused the vegetable matter in the re

gion CD to be thicker than the two distinct se:nns a' and /' at r; and

no doubt there would actually be a slight excess representing one gener
ation of trees with the remains of other plants, forming half an inch or

an inch of coal; but this would not prevent the miner from affirming
that the seam a g, throughout the area C D, was equal to the two seams
a' and g' at F.
The reader has seen, by reference to the section (fig. 505, p. 300),

that the strata of th Appalachian coal-field assume a horizontal posi
tion west of the mountains. In that less elevated country, the coal
measures are intersected by three great navigable rivers, and are capable
of supplying for ages, to the inhabitants of a densely peopled region, an
inexhaustible supply of fuel. These rivers are the Monongaliela, the
Ahieghany, and the Ohio, all of 'which lay open on their banks the level
seams of coal. Looking down the first of these at Brownsville, we have
a fine view of the main seam of bituminous coal 10 feet thick, commonly
called the Pittsburg seam, breaking out in the steep cliff at the water's
edge; and I made the accompanying sketch of its appearance from the
bridge over the river (see fig. 508). Here the coal, 10 feet thick, is
covered by carbonaceous shale (b), and this again by micaceous sand
stone (c). Horizontal galleries may be (Iriven everywhere at 'cry slight
expense, and so worked as to drain themselves, while the cars, laden
with coal and attached to each other, glide down on a railway, so as to
deliver their burden into barges moored to the river's bank. The same
seam is seen at a distance, on the right bank (at a), and may be fol
lowed the whole way to Pittsburg, fifty miles distant. As it is nearlyhorizontal, while the river descends it crops out at a continually increas-

I
ing, but never at an inconvenient, height above the Monongahela. Be
OW the great bed of coal at Brownsville is a fire-clay 18 inches thick,and below this, several beds of limestone, below which again arc otherCoal seams. I have also shown in my sketch another layer of workablegoal (at ci d), which breaks out on the slope of the hills at a greatetheight. Here almost every proprietor can open a coal-pit on his ownbind, and the stratification being very regular, he may calculate withrecision the depth at which coal may 1)0 Won.The Appalachian coal-fiel(1, of which these strata form a part (from 0



Vlow of tho great Coal Scam on tho Monongnl~cTn nt Brownsville, Fcnnsylvanin. TL S. 
a. Ten-fuot miti of conL 8. BInrk bl tumlnous nr carbonaceous shelf, 10 feet tbick 
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dation, must have measured 900 miles in length, and in some places

more than 200 miles in breadth. By again referring to the section (fig.

505, P. 390), it will be seen that the strata of coal are horizontal to the

westward of the mountains in the region D E, and become more and

more inclined and folded as we proceed eastward. Now it is invariably

found, as Professor H. D. Rogers has shown by chemical analysis, that

the coal is most bituminous towards its western limit, where it remains

level and unbroken, and that it becomes progressively debituminized a

we travel southeastward towards the more bent and distorted rocks.

Thus, on the Ohio, the proportion of hydrogen, oxygen, and other vola-

tile matters, ranges from forty to fifty per cent. Eastward of this line,

on the Monongahela, it still approaches forty per cent., where the strata

begin to experience some gentle flexures. On entering the Alkghany
Mountains, where the distinct anticlinal axes begin to show themselves,

but before the dislocations are considerable, the volatile matter is gene

rally in the proportion of eighteen or twenty per cent. At length, wlieii

we arrive at some insulated coal-fields (o', fig. 505) associated with the

boldest flexures of the Appalachian chain, where the strata have been

actually turned over, as near Pottsville, we find the coal to contain only
from six to twelve per cent, of bitumen, thus becoming a genuine an
thracite.*

It appears from the researches of Liebig and other eminent chemists
that when wood and vegetable matter are buried in the earth, exposed
to moisture, and partially or entirely excluded from the air, they decom
pose slowly and evolve carbonic acid gas, thus parting with a portion of
their original oxygen. By this means, they become gradually converted
into lignite or wood-coal, which contains a larger proportion of hydrogen
than wood does. A continuance of decomposition changes this lignite
into common or bituminous coal, chiefly by the discharge of carburetted
hydrogen, or the gas by which we illuminate our streets and houses.
According to Bischoff, the inflammable gases which are always escaping
from mineral coal, and are so often the cause of fatal accidents in mines,
always contain carbonic acid, earburetted hydrogen, nitrogen, and ohifiant
gas. The disengagement of all these gradually transforms ordinary or
bituminous coal into anthracite, to which the various names of splint
coal, glance-coal, hard coal, cuim, and many others, have been given.We have seen that., in the Appalachian coal-field, there is an intimate
connection between the extent to which the coal has parted with its gaseous contents, and the amount of disturbance which the strata have
undergone. The coincidence of these phenomena may be attributed
partly to the greater facility afforded for the escape of volatile matter,
where the fracturing of the rocks had produced an infinite number of
cracks and crevices, and, also to the heat of the gases and water pene
trating these cracks, when the great movements took place, which have
rent and folded the Appalachian strttt, It is 'yell known that, at the

* Trans. of Assoc. of Amer. Geol. p. 470.
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present period, thermal waters and hot vapors burst out from the earth

during earthquakes, and these would not fail to promote the disengage
ment of volatile matter from the carboniferous rocks.

Continuity of seams of coal.-As single seams of coal are continuous

over very wide areas, it has been asked, how forests could have prevailed

uninterruptedly over such wide spaces. In reply, it may be said that

swamp-forests in one delta may extend for 25, 50, or 100 miles, while in

a contiguous delta, as on the borders of the Gulf of Mexico, another of

precisely the same character may bo growing; and, these may in after

ages appear to geologists to have been continuous, although in fact they
were simply contemporaneous. Denudation may easily be imagined in

such cases as the cause of interruptions, which were, in fact, original.
But as in all the American coal-fields there are numerous root-beds with

out any superincumbent coal, we may presume that frequently layers of

vegetable matter were removed by floods; and in other cases, where the

stigmaria-clays are for a certain space covered with coal, and then pro

longed without any such covering, the inference of partial denudation is

still more obvious.
In the Forest of Dean, ancient river-channels are found, which pass

through beds of coal, and in which rounded pebbles of coal occur.

They are of older date than the overlying and undisturbed coal-measures.

The late Mr. Buddle, who described them to me, told me he had seen

similar phenomena in the Newcastle coal-field. Nevertheless, instances of

these channels are much more rare than we might have anticipated, espe

peciahly when we remember how often the roots of trees (Stigmaric)
have been torn up, and drifted in broken fragments into the grits and

sandstones. The prevalence of a downward movement is, no doubt, the

principal cause which has saved so many extensive seams of coal from
destruction by fluviatile action.

Climate of Coal Period.-So long as the bonanist taught that a tropi
cal climate was implied by the carboniferous flora, geologists might well

be at a loss to reconcile the preservation of so much vegetable matter with
a high temperature; for heat hastens the decomposition of fallen leaves
and trunks of trees, whether in the atmosphere or in water. It is well
known that peat, so abundant in the bogs of high latitudes, ceases to grow
in the swamps of warmer regions. It seems, howovr, to have become
a more and more received opinion, that the coal-plants do not, on
the whole, indicate a climate resembling that now enjoyed in the equa
torial zone. Tree-ferns range as far south as the southern part of New
Zealand, and Araucarian pines occur in Norfolk Island. A great pre
dominance of ferns and lycopodiums indicates moisture, equability of

temperature, and freedom from frost, rather than intense heat; and we
know too little of the sigillarke, calamites, asteroplivllit.es, and other

peculiar forms of the carboniferous period, to be able to speculate with
confidence on the kind of climate they may have required.
The same may be said of the corals and cephialopoda of the Moun

tain Limestone,-they belong to families of whose climatal habits we know
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nothing; and even if they should be thought to imply that a warm tem

perature characterized the ndrtheru seas in the carboniferous era, the

absence of cold may have given rise (as at present in the seas of the Ber

mudas, under the influence of the Gulf-stream) to a very wide geographical

raiigc of stone-building corals and shell-bearing cuttle-fish, without its

beiu necessary to call in the aid of tropical heat.

CARBONIFEROUS REPTILES.

Where we have evidence in a single coal-field, as in that of Nova

Scotia, or of South Wales, of fifty or even a hundred ancient forests buried

one above the other, with the roots of trees still in their original position,
and with some of the trunks still remaiuing erect, we are apt to wonder

that until the year 1844 no remains of contemporaneous air-breathing
creatures should have been discovered. No vertebrated animals more

highly organized than fish, no mammaBa or birds, no Saurians, frogs, tor

toises, or suakes.were known in rocks of such high antiquity. In the

coalfields of Europe mention has been made of beetles, locusts, and a few

other insects, but no land-shells have even now been met with. Agassiz
described, in his great work on fossil fishes more than one hundred and

fifty species of ichthyolites from the coal-strata, ninety-four belonging to
the families -of shark and ray, and fifty-eight to the class of ganoids.
Some of these fish are very remote in their organization from any now

living, especially those of the family called Sauroid by Agassiz; as

.ilfegaliclLthys, Holopt!/chius, and others, which were often of great size,
and all predaceous. Their osteology, says M. Agassiz, reminds us in

many respects of the skeletons of saurian reptiles, both by the close
sutures of the bones of the skull, their large conical




Fig. 509.
teeth striated longitudinally (see fig. O9), the ar
ticulations of the spinous processes with the verte
br, and other characters. Yet they do not form
a family intermediate between fish and reptiles, but
are true fish, though doubtless more highly organ
ized than any living fisli.
The annexed figure represents a large tooth of

the HO1OpI9C/Lius, found by Mr. iorner, in the '

Cannel coal of Fifeshire. This fish probably in-




P
habited an estuary, like many of its contemporaries,
and frequented both rivers and the sea.
At length, in 1844, the first skclcton of a true

reptile was announced from the coal of Müuster- 4
Appel in 11hensh Bavaria, by II. Yon Meyer, under




HoZoj,ficiaiUi !Jlli7rt1, Ag.the name of Apatcn peclestis, time animal being liutslire cuAI.floid.
supposed to be nearly related to the salamanders. Tooth; unturni size.
Three years later, in 1847, Prof. von Dechon found in the coal-field of
SaavbrUck, at the village of Lebach, between Strasburg and Treves,

0
.Agassiz, Pois8. Fosa. Vol. ii. p. 88, &c.
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the skeletons of no less than three distinct species of air-breathing reptiles,
which were described by the late Prof. Goldfuss under the generic name

of Archegosaurus. The ichthyolites and plants found III the same strata

left no doubt that these re- Fig. 510.
mains belonged to the true
coal period. The skulls, teeth, .
and the greater portions of / I
the skeleton, nay, even a large

I I

part of the skin, of two of '
these reptiles have been faith- ".

fully preserved in the centre I




71
of spheroidal concretions of

ul
cay-iron-stone. The largest

V III
I J

of these lizards, .Aiiliegosau2C.




,1us .Declienz, must have been
3 feet 0 inches long The
annexed draw in represents i i,/j

Li &S1rA, .,




Olt
the skull and neck bones of
the smallest of the three, of ."

j 1

the natural size. They were
considered by Goldfuss as
saurians, but by Herman von ! 1h1 !f ii'

e)r
as most nearly allied

therefore, as before explained
(p. 340), having many char- . 2'
acters intermediate between
batrachians and saurians. The Arclzegosaurus minor, OohIfli. FosII rptflu from

the coa1.rneasure, 8aarbrick.remains or the extremities
leave no doubt that they were quadrupeds,

"
provided," says von Meyer,

"with hands and feet terminating in distinct toes; but these limbs were
weak, serving only for swimming or creeping." The same anatomist has

pointed out certain points of analogy be-
Fig. 511.

tween their bones and those of Proteus

anguinus; and Prof. Owen has observed
to me that they make an approach to the ' -

- 49Proteuè in the shortness of their ribs. Two
S --

IubrIcated covering of skin of Arclze.
specimens of these ancient reptiles retain a goscjipg me1iu8, Ooidf.;
large part of the outer skin, which con-
sisted of long, narrow wedge-shaped, tile-like, and horny scales, arranged
in rows. (See fig. 53.1.)

(ikcirolhcrian footprints in coal-niCaSZLreS, United States.-III 1844,
the very year when the Apatcon or Salamander of the coal was first met
with in the country between the Moselic and the urine, Dr. King pub
lished an account of time footprints of a large reptile discovered by him

Ooldfuss, Ncue Jennisehe Lit. Zeit. 18.18; aid Von Meyer, Quart. GeoL
Jouru. vol. iv. Misciill. v. 51.
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Fig. 512.

in North America. These occur in the coal strata of Greensburg, in

Westmoreland county, Pennsylvania; and I had an opportunity of ex

amining them in 1840. I was at once convinced of their genuineness,
and. declared my conviction on that point, on which doubts had been

entertained both in Europe and the United States. The footinarks were
first observed standing out. in relief from the lower surface of slabs of
sandstone, resting on thin layers of fine unctuous clay. I brought away
one of these masses, which is represented in the accompanying drawing
(fig. 512). It displays, together with footprints, the casts of cracks (a, a')
Of various sizes. The origin of such cracks in clay, and casts of the
same, has before been explained, and referred to the drying and shrinking
of mud, and the subsequent pouring of sand into open crevices. It will
be seen that. some of tile cracks, as at b, c, traverse the footprints, and
produce distortion in them, as might have been expected, for the imid
must have been soft. when the animal walked over it and left the impres-

Scale c'ne-Rtrlh Th(l )1i(/iflUl.
Slab of sandstone from the coal.men5llres of Penisy1vnnln, with footprints of

air-breathing reptile and casts of cracks.
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Fig. 518.

sins; whereas, when it afterwards dried up and shrank, it would be too
hard to receive such indentations.
No less than twenty-three footsteps were observed by Dr. King in the

same quarry before it was abandoned, the greater part of them so ar

ranged (see fig. 513) on the surface of one stratum as to imply that

they were rnn(1c successively by the same animal. Everywhere there
was a double row of tracks, and in each row they occur in pairs, each

pair consisting of a hind and fore foot, aud each being nearly equal

Series of reptilian footprints fit the coal-strata of Westmoreland
county, Pennsylvania.

(I. Mark of iiatl?
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distances from the next pair. In each parallel row the toes turn the one

set to the right, the other to the left. In the European Ulteiroiheriuni,

before mentioned (p. 337), both the hind and the fore feet have each five

toes, and the size of the hind foot is about five times as large as the fore

foot.. In the American fossil the posterior footprint is not even twice as

large as the anterior, and the number of toes is unequal, being five in the

hinder and four in the anterior foot.. In this, as in the European Uheiro

thorium, one toe stands out like a thumb, and these thumb-like toes turn

the one set to the right, and the other to the left. The American

C'/ieirotheriunz. was evidently a broader animal, and belonged to a dis

tinct genus from that of the triassie age in Europe.*
We may assume that the reptile which left these prints on the ancient

sands of the coal-measures was an air-breather, because its weight would

not have been sufficient under water to have made impressions so deep
and distinct.. The same conclusion is also borne out by the casts of the

cracks above described, for they show that the clay had been exposed to

the air and sun, so as to have dried and shrunk.
The geological position of the sandstone of Greensburg is perfectly

clear, being situated in the midst of the Appalachian coal-field, having
the main bed of coal, called the Pittsburg seam, above mentioned (p.
392), three yards thick, 100 feet above it, and worked in the neighbor
hood, with several other seams of coal at lower levels. The impressions
of Lepidodendron., Sigillaria, Stigmaria, and other characteristic car
boniferous plants are found both above and below the level of the reptil
ian footsteps.

Analogous footprints of a large reptile of still older data were after
wards found (1849) at Pottsvillo, 70 miles N. E. of Philadelphia, by Mr.
Isaac Lea, in a formation of red shales, called No. XI. by Prof. H. D.
Rogers, in the State Survey of Pennsylvania, and referred by him to the
base of the coal, but regarded by some geologists as the uppermost part
of the Old Red Sandstone. A thickness of 1700 feet of strata intervenes
between the footprints of Grcensburg, befbro described, and these older
Pottsville impressions. In the same Red Shale, No. XI., the "debatable
ground" between the Carboniferous and Devonian group, Prof. II. D.
Rogers announced in 1851. that he had discovered other footprints, re
ferred by him to three species of quadrupeds, all of them five-toed and in
double rows, with an opposite symmetry, as if made by right and left
feet, while they likewise display tho alternation of fore foot and hind foot.
One species, the largest of the three, presents a diameter for each foot
print of about two inches, and shows the fore and hind feet to be nearly
equal in dimensions. It exhibits a length of stride of about nine inches,
and a breadth betw the right and left footsteps of nearly four inches.The impressions of the hind feet are but, little in. the rear of the fore feet.The animal which made them is supposed to have been allied to a
Sau-rian,rather than to a l)atrac'hian or Chelonjan. With these footmarks'were seen shrinkage cracks, such as are caused by the sun's heat in mud,

* See Lydli'8 Second Visit, &c., vol. ii. p. 8O.
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and rain-spots, with the signs of the trickling of water on a wet, sandy
beach; all confirming the conclusion derived from the footprints, that the

quadrupeds belonged to air-breathers, and not to aquatic races.
In 1852 the first osseous remains of a reptile were obtained from the

coal-measures of America by Mr. Dawson and myself. We detected

them in the interior of one of the erect Sigi]larhe before alluded to as of

such frequent occurrence in Nova Scotia. The tree was about two feet

in diameter, and consisted, as usual, of an external cylinder of bark, con

verted into coal, and an internal stony axis of black sandstone, or rather

mud and sand stained black by carbonaceous matter, and cemented to

gether with fragments of wood into a rock. These fragments were in

the state of charcoal, and seem to have fallen to the bottom of the hollow
tree while it was rotting away. The skull, jaws, and vcrtebr of a rep
tile, probably about 2 feet in length (Dcndrerpelon Acaclianum, Owen),
were scattered through this stony matrix. The shell also of a Pupa, the
first pulmoniferous mollusk over met with in the coal, was observed in the
same stony mass. Dr. Wyman, of Boston, pronounced the reptile to be
allied in structure to )tfenobranclLus and Afcnoponza, species of batra
chians, now inhabiting the North American rivers. The same view was
afterwards confirmed by Prof. Owen, who also pointed out the resem
blance of the cranial plates to those seen in the skull of .Arclzeçjosaurus
and Labyrintlzodon.* Whether the creature bad crept into the hollow
tree while its top was still open to the air, or whether it was washed in
with mud .during a flood, or in whatever other manner it entered, must
be matter of conjecture.

Footprints of two reptiles of different sizes had previously been ob
served by Dr. Harding and Dr. Gesner on ripple-marked flags of the
lower coal-measures in Nova Scotia, evidently made by quadrupeds walk

ing on the ancient beach, or out of the water, just as the recent Meno

poma is sometimes observed to do.
In 1853 Prof. Owen announced the first discovery of fossil reptilian

remains in the British Coal-Measures; and, in 1854, the same osteologist
described a "sauroid batrachian," of the Lab!,rinhlLodom family, obtained

by Mr. Dawson, from the coal of Pictou, in Nova Scotia.
Thus in ten years (between 1844 and 1854) the skeletons or bones of

no less than seven carboniferous reptiles, referred to five genera, were

brought t light; to say nothing of numerous reptilian footprints, some
of them too large to belong to the same species as the bones.

Rarity of vertebrate and invertebrate Air-breathers in Coal.

Before the earliest date above mentioned (1844), it was common to
hear geologists insisting on the non-existence of vertebrate nnhLals of a
higher grade than fishes in the Coal, or in any rocks older than the Per
mian. Even now, it may be said, that we have scarcely made any pro-

Geol. Quart. Journ. vol. ix. p. 58.
26
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CARBONIFEROUS OR MOUNTAIN LThIESTONE-

It has been already stated (p. 359), that this formation underlies the

Coal-Measures in the South of England and Wales, whereas in the North

and in Scotland marine limestones alternate with Coal-Mcisurcs, or with

slinks and sandstones, sometimes containing scams of Coal. In its most

calcareous form the Mountain Limestone is destitute of land-plants, and

is loaded with marine remains,-the greater part, indeed, of the rock

being made up bodily of corals and crinoids.
The Corals deserve especial notice, as the cup-shaped kinds, which

have the most massive and stony skeletons, display peculiarities of struc

ture by which they may be distinguished, as MM. Mime Edwards and
ilaline first pointed out, from all species found in strata newer than the
Permian. There is, in short, an ancient or Palcozoic, and a modern or
Ncozoic type, if, by the latter ferm, we designate (as proposed by Prof.
E. Forbes) all strata from the triassic to the most modern, inclusive. The

accompanying diagrams (figs. 514, 515) may illustrate these types; and,

although it may not always be easy for any but a practised naturalist to

Fig. 514.

Fakooic typo of Inuidlliferous cup.slmpetl Coral. Order ZOANrukfll..t UUGOSA, Thluo Edwards
and Jules Ilnimo.

. Vertical section of Carnpopliyllum fiezunsun (CyatiLo
phyliu,n, Goldfuss); nat size: from the Devonian of
the Eltel. The Ic: ;nellw are seen around the inside of the
cup; the wnli consist of cellular tissue; and large trans
verse plates1 called tabulw1 divide the interior Into chain-'"- bers.

IRZ




r. b. Arrangement of the lameZle in Pol'jccrilaprojunda,Ger-mar, sp.; nut size: from the Maguesian Limestone, Dur
ham. This diagram shows (lie quadriparflte arrangement.- " of the lamelko characteristic ofpaleozolo corals, there beingS./.
number fit this type being always a multiple of four.
four principal and eight Intermediate lamella?. the whole

\i
c. Staurla aatrEruii Mime dwards. Young onp,iiat. size. Upper Silurian, Gothland. The lainolke in

each cup are divided by four prominent ridges into four
groups.

Fig. 515.

.W¬o:olc typo of lamdllIflrous cap-simped Coral. Order ZoAuAitIL APOflOSA, M. Edwards and
.1. ilaline.

a. ParaRml!ict ec'ntrallç MantelI1 op. Vertical section, nat. size.

6
b. Cyat/ilna. Boc.ij,tiiki11 Edwards and iratmo. Transverse

a Upper Chalk, Gravesend. In this typo the Iarnelttr are nuts.
slyt', and extend to (ho axis of lo(;--.o cellular tissue, without
any transverse plates like Hioso In fig. 514 a.

section, enInrcd. Onuult. Folkstone. In this coral the Iametlui
are a multiple (It six. 'i'iio twelve principal plates reach tit,

- .I three secoiulnrv plates, In fill forty-eight The short internie-
dinto plates whscIi proceed from the cilumehla are not counted.

)

central iuxis or coluineila, and between eai'h pnir there are

They are called putt.

gram of I six principal find six Ititeruuiciliato sepia, magnified.
c. .F:n:j1a. j,aI4lczrLq, Liunk. Recent: very young state. Din-

'rho sextuple arrangement Is nlwnys more iiiuintfest in the
young thaut in the adult state.

recognize the points of structure here described, every geologist should
understand them, as tim reality of the distinction is of no small theoreti
('ILl interest.
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1 will be seen that the more ancient corals have what is called a

quadripartite arrangement of the stony plates or lamella,,-parts of the

skeleton which support the organs of reproduction. The number of

these Iamdll in the palcozoic type is 4, 8, 16, &c.; while in the newer

typo the number is always 6, 12, 24, or some other multiple of six; and

this holds good, whether they be simple cup-like forms, as in figs. 514 a

and 515 a, or aggregate clusters of cups as in 514 c.

It is not enough, therefore, to say that the primary or more ancient

corals are all generically and specifically dissimilar from the secondary,

tertiary, and living corals,-for, more than this, they belong to distinct

Orders, although often so like in outward form as to have been referred

in many cases to living reef-building genera. Hence we must not too

confidently draw conclusions from the modern to the paleozoic polyps,

respecting climate and the temperature of the waters of the primeval
seas, inasmuch as the two groups of zoophytes are constructed on essen

tially different types. When the great number of the paleozoic and neo

zoic species is taken into account, it is truly wonderful to find how con
stant the rule above explained holds good; only one exception having as

yet occurred of a quadripartite coral in a neozoic formation (the creta-
ceous), and one only of the sextuple class (a Fungia 1) in paleozoic
(Silurian) rocks.
From a great number of lamelliferous corals met with in the Mountain

Limestone, two species have been selected, as having a very wide range,
extending from the eastern borders of Russia to the British Isles, and
being found almost everywhere in each country.




Fig. 517.

I-T

Cal Z!

Lithostrotton ba4aZiffor,ne, Phil. p. (.1.t1u)ltrot(,, 8t:'ft,7n, FJcmtl3g; Iletra!(gba.aU((or a, Conyb. and l'hUi.) Kendal; Ireland; flnssa; Iowa, and westward of thu ldlsslzsippl United States.(D. D. Ow.)




LonR?ate(a flor(Jbrmls (Martin, sp.)M. Edwards. (LiThoatrotlmfiorl/orrne,
Fleming. Slrotnbcnle&)a. Young apoclumen, with buds 'on the
(115k. -

b. Part of a full-grown compound mass.
Bristol, &c.; flusIa.

These fossils, together with numerous species of Zaplirentis, .A7flp1eXU83Uya llzophyllum, ClisiOplzylluin, S!/rinriopora, and .Mic1iclinca, * form a
group widely different from any that preceded or followed them.* For figures of these corals, see Paleontograpimical Society's Monographs, 182.

Fig. 516.
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Of the Bryozoa, the prevailing forms are Feneslella and Folypora, and

these often form considerable beds. Their net-like fronds are easily rec

ognized.
(irinokica are also numerous in the Mountain Limestone. (See figs.

518, 519.)

Ctiocriiiifes planus,
Miller. Body and
arms. Mountain
Limestone.




C'!/aflwcrinus caryoorinoides, M'Coy.a. Surface of one of the Joints of the stem.
1'. Pelvis or body; called also calyx or cup.
c. One of the pelvic plates.

In the greater part of them, the cup or pelvis, fig. 519 b, is greatly
developed in size in proportion to the arms, although this is not the case
in fig. 518. The genera Poleriocrinus, (Jyathocrinus, Penlre7nites,
.Aclinocrinus, and Platycrinus, are all of them characteristic of this
formation. Other Echinoderms are rare, a few Sea-Urchins only being
hown: these have a complex structure, with many more plates on their
surface than, are seen in the modern genera of the same group. One

genus, the Patc'2clLinus (fig. 520) is the analogue of the modern EcMnus.
The other, Arc1uocklaris, represents, in like manner, the Gidath of the

present seas.
Of Mollusca the Bracitiopocla (or Palliobrirnchiates) constitute the

larger part, and are not only numerous, but often of large size. Perhaps
the most characteristic shells of the formation are large species of Pro.
(lucius, such as P. gigantcus, P. lienuspkwricus, F. sernircticulatus (fig.
52]), and P. scabriculug. Large plaited spirifers, as iSpirjfcr sgriatus,

Fig 520.

'ro.1nua qiqas, M'Coy. fleduced.
Mountain Limestone:

Ireland.




Prodz:cti,s se:nI tkulalus, Martin, sp.(P unUq UUILM, Sow.) Mountain
Limestone. England; Russia; the
Andes, &c.

FIg. 519.Fig. 519.




Fig. 521.
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,S. rotundatus, and S. triqonalis (fig. 522), also abound; and smooth

species, such as Spirjfcr glaber (fig. 523), with its numerous varieties.

Fig. 52. Fig. 523.

" -.

cpirfer p?abr, ?fnrLin, 8p.
Mountain Limestone.

Among the pall lobranchi ate mollusks, Terebratula lULSkt(a deserves

mention, not only for its wide range, but because it. often retains the pat
tern of the original colored stripes which ornamented the living shell.

(See g. 524.) These colored bands are also preserved in several lame!

libranchiato bivalves, as in Aviculopeclen (fig. 525), in which dark stripes
alternate with a light ground. In some also of the spiral univalves, the

pattern of the original -painting is distinctly retained, as in the Fleuroto

maria (fig. 526), which displays wavy blotches, resembling the coloring
in many recent Trochidzc.

Fig. 524.

Terebra(uhz 1ataIa
Sow., with radiatingbands of color.
Mountain Lime
stono. Derbyshire :
Ireland; Russia, &c.

Fig. 525.

.1 oieidopect.cn 8ubtol,a¬us,
Phil. Monntnln Limp.
stone- Derbyshire;
Yorkshire.

Pl6urot(nnarla carluata, Sow.
(P.fianunlqt'ra, PhIIL)

Mountain Limestone. Derby
shire, &c

The mere fact that shells of such high antiquity should have preserved
the patterns of their coloring, is striking and unexpected; but I'rof. E.
Forbes has deduced from it an important geological conclusion. He
infers that the depth of the primeval seas in which the Mountain Lime
stone was formed, did not exceed 50 fathoms. To this opinion he is led
by observing, that in the existing seas the testacea which have colors
and. well-defined patteins, rarely inhabit, greater depths than 50 fathoms;
and the greater number are found where there is most light in very
shallow water, not more than two fathoms deep. There are even exam
ples in the British seas of testacea which are always white or colorless
when taken from below 100 fathoms; and yet individuals of the same
species, if taken from shallower zones, are vividly striped or banded.

Spir/'er trigo7aa!18, Martin. p.
Mountain Limestone : Derbyshire, c.




Fig. 52G.
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This information, derived from the color of the shells, is the more
welcome, because the Radiata, Ai'ticulata, and Mollusca of the Carbo

niferous period belong almost entirely to genera no longer found in the

living creation, and respecting the habits of which we can only hazard

conjectures.
Some few of the carboniferous mollusca, such as .Avicula, Nucula,

Soiernya, and Lilliodomus, belong no doubt to existing genera; but the

majority, though often referred to living types, such as .Tsocardia, Turn

tdlla, and Buccinum, belong really to forms which appear to have become
extinct at the close of the palcozoic epoch. Euomplzalus is a character

istic univalve shell of this period. In the interior it is often divided into

chiam'bers (fig. 527 d), the septa or partitions not being perforated as in

Fig. 52T.
(2 11

r... ,T
-\

On" 111"I




LL r.

EuomplialuR pen(aguZatu, Sowerby. Mountain Limestone.
(1, Tipper sitlo: 1,, lower, or umbilical side; c, viow showing mouth, which13 less pentagonal in older Individuals; d1 viow of 1)01hCd suction, showinginternal chambers.

fbraminifrous shells, or in those having siphuncles, like the Nautilus.
The animal appears to have retreated at different periods of its growth
from the internal cavity previously formed, and to have closed all
communication with it by aseptuin. The number
of chambers is irregular, and they are generally

FIg. 529.

wanting in the innermost whorl. The animal of
the recent Turritella communi3 partitions off in
like manner as it advances in age a part of its

spire, forming a sholly septum.
Nearly 20 species of the genus Belicrophon

(see fig. 528), a shell without chambers like thio
r At " .1

occuriiviig itrgouaut., 31! 1110 '1Olll1t1Ufl Lime- .lleThropho,i coata(us, Sow.
stone. The genus is not met with in strata of Mountain L1rucston
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kter date. It is most generally regarded
as belonging to the Hctcropoda1

and allied to the Glass-Shell, Uarinaric but by some few it is thought

to be a simple form of Cephalopod.
The carboniferous Cephalopoda do not depart so widely from the living

typo (the Nautilus), as do the more ancient Silurian representatives of

the same order; yet they offer some remarkable forms scarcely known in

strata newer than the coal. Among these is Ortlwccra; a siphuncled

and chambered shell, like a Nautilus uncoiled and straightened (fig. 529).

Some species of this genus are several feet long. The Goniatite is another

Fig. 520.

;
.TcVF üTi\

::J: ; j-

Portion of Ort/toceras ta(era(c'1 Phil'. Ips. Mountain Limestone.

genus, nearly allied to the .Ammonite, from which it differs in having the

lobes of the septa free from lateral denticulatious, or crenatures; so that

the outline of these is continuous and uninterrupted.
The species represented in fig. 530 is found in almost all localities, and

presents the zigzag character of the septal lobes in perfection.
In another species (fig. 531), the septa are but slightly waved, and sc

approach nearer to the form of those of the Nautilus. The dorsal position

Fig. 530.




77

G'oniatj(es creniatria, Phill. Mntintnln Qoiilatl(es rOtutI8, Phillips.Limestone. N. America; Britain; Itlountnln Limestone.
Germany, &e. Yorkshire.
a. Lateral view.
1'. Front view, showing the mouth.

Of the siphuncle, however, clearly distinguishes the Goniatito from the
Nautilus, and proves it to have belonged to the family of the Ammonites,
from which, indeed, some authors do not believe it to be generically distinct.
EMUfish-!-The distribution of these is singularly partial; so much

so, that M. do Roninck of Liege, the eminent paleontologist, once stated
to me that, in making his extensive collection of the fossils of the Moun
tain Limestone of Belgium, he had found no more than four or five ex
amples of the bones or teeth of fishes. Judging from Belgian data, lie
might have Concluded that this class of vertebrata was of extreme rarityin the carboniferous seas ; whereas the investigation of other coun
tries has led to quite a different result. Thus, near Clifton, on the Avon,

Fig. 531.
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there is a celebrated "bone bed," almost entirely made up of ichthyolltes;
and the same maybe said of the "fish-beds" of Armagh, in Ireland. They
consist chiefly of the teeth of fishes of the Placoid order, nearly all of
them rolled as if drifted from a distance. Some teeth are sharp and

pointed, as in ordinary sharks, of which the genus Cladodus affords an

illustration; but the majority, as in Psammoclus and Cocliliodus, are,
like the teeth of the Cestracion of Port Jackson (see above, fig. 288, p.

249), massive palatal teeth fitted for grinding. (See figs. 532, 53.3.)

Fig. &8?. Fig. 33.

P81n,,nOdIM pnraatz$1 Bone-hcI, Mountain
Limestone. Bristol; ArmngI.

There are upwards of '70 other species of fish-remains known in the

Mountain Limestone of the British Islands. The defensive fin-bones of

these creatures are not unfrequent at Armagh and Bristol; those known

as Oracanthus are often of a very large size. Ganoid fish, such as

Holoplyckius, also occur; but these are far less numerous. The great
.dfeqaliclulqjs Hibberti appears to range from the Upper Coal-measures
to the lowest Carboniferous strata.

Foraminftra.-This somewhat important group of the lower animals,

which is represented so fully at later epochs by the Nummulites rind
their numerous minute allies, appears in the Mountain Limestone to be
restricted to a very few species, the individuals, however, of which are

vastly numerous. Textulana, Hodosaria, Endothyra, Fig. 34.
and Fusulina (fig. 534), have been recognized. The
first two genera are common to this and all the after

periods; the third has already appeared in the Upper Fiiau!uiacylsvzdrica,
D'Orb.

Silurian, but is not known above the Carboniferous; Mngnifletl 3 dtam.

the fourth (fig. 534) is peculiar to the Mountain Lime- Mountain Limestone.

stone, and is charneteristic of the formation in the United States, Russia,
and Asia Minor.

STRATA CONTEMPORANEOUS WITU THE MOUNTAIN LIME.STON.E.

In countries where limestone does not form the principal part of the
Lower Carboniferous series, this formation assumes a very difFerent char
acter, as in the lthcmsh Provinces of Prussia, and in the llartz. The
slates and saiidstôiics called Kiesel-schiielir and Younger Greywacko
(Jungere grauwacke) by the Germans, were Ibrmnerly retrred to time
Devonian group, but are now ascertained to belong to the "Lower Car-

cochliodIz8 cnntortu4, Agn.c. Done-boil,
Mountain Limestone. Bristol; Ar"
inugh.
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boniferous." The prevailing
shell which characterizes the carbonaceous

schists of this series, both on the Continent and in England, is .Posido-

nonaya .Becheri (fig. 535). Some well

known mountain-limestone species, such
53"

as (Joniatitcs crenistria (see fig. 530)

and G. reticulat'us, also occur in the

Hartz. In the associated sandstones of

the same region, fossil plants, such as

Lepidodcizdro; and the allied genus

Saginaria, are common; also Knorria,

Ualanii(es Suckouii, and U. transi- P081d07Z0fl? mi .Thc1,eri, Gold.
Lower Carboniferous.

tionis, GOpp., some peculiar, others spe

cifically identical with ordinary coal-measure fossils. The true geological

position of these rocks in the Hartz was first determined by MM. Mui'chi

son and Sedgwick in 1840.*

CARBONIFEROUS LIMESTONE IN NOETfl AMERICA.

The coal-measures of Nova Scotia have been described (p. 3'77). The

lower division contains, besides large stratified masses of gypsum, some

bands of marine limestone almost entirely made up of encrinites, and, in

some places, containing shells of genera common to the mountain lime

stone of Europe.
In the United States the carboniferous limestone underlies the pro

ductive coal-measures; and, although very inconspicuous on the margin
of the Alleghany or Great Appalachian coal-field in Pennsylvania, it ex

pands in Virginia and Tennessee. Its still greater extent and importance
in the Western or Mississippi coal-fields, in Kentucky, Indiana, Iowa,

Missouri, and other western states, has been well shown by Dr. P. D.

Owen. In those regionsf it is about 400 feet thick, and abounds, as in

Europe, in shells of the genera Productus and Spir?fcr, with Pentre,nhteS

and other crinoids and corals. Among the latter, Lithostrotion basalti

forme or striatum (fig. 516, p. 404), or a closely-allied species, is common.

Trans. GeoL Soc. London, 2d series, vol. .vi. p. 228.
Owen's Geol. Survey of Wisconsin, &c 1852.
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CHAPTER XXVL

OLD RED SANDSTONE, OR DEVONIAN GROUP.

Old Red Sandstone of the Borders of Wales-Of Scotland and the South of

Irelaud-Fossil reptile and foot-tracks at Elgin-Fossil Devonian plants at

Kilkenny-Ichthyolites of 0!ashbinnk-Fossil fish, crustaceans, &c., of Caith
ness and Forfarshire-Distinct lithological type of Old Red in Devon and

Cornwall-Term Devonian-Organic remains of intermediate character be
tween those of the Carboniferous and Silurian systems-Devonian series of

England and the Continent-Upper Devonian, rocks and
fossils-Middle-Lower-OldRed Sandstone of Russia-Devonian strata of the United States
Coral-reefs at the Falls of the Ohio.

IT has been already shown in the section (p. 332), that the carbonifer

ous strata are surmounted by a system called "The New Red," and un

derlaid by another termed the "Old Red Sandstone." The last-mentioned

group acquired this name because in Herefordshire and Scotland, where

it was originally studied, it consisted chiefly of red sandstone, shale, and

conglomerate. It was afterwards termed "Devonian," for reasons which

will be explained in the sequel. For many years it was regarded as very
barren of organic remains; and such is undoubtedly its character over

very 'wide areas where calcareous matter is wanting, and where its color

is determined by the red oxide of iron.

"Old Red" in. Herefordshire, &c.-In Herefordshire, Worcestershire,

Shropshire, and South Wales, this formation attains a great thickness,

sometimes between 8,000 and 10,000 feet. In these regions, it has been

subdivided into

1st. Conglomerate, passing downwards into chocolate-red and green
sandstone and marl.

2d. Marl and cornstone,-red and green argillaceous spotted mans,
with irregular courses of impure concretionary limestone, provincially
called Cornstone, and some beds of white sandstone. In the cornstones,
and in those flagstones and mails through which calcareous matter is
most diffused, some remains of fishes of the genera Onclius and Cieplia
laspis occur. Several specimens of the latter have been traced to the
lowest beds of the "Old Red," in May Hill, in Gloucestershire, by Sir
R. Murchison find Mr. Strickland.*

Old Red Sandstone of Scotland and Ireland.-South of the Gram

plans, in For1trshirc, Kiucardineshire, and Fife, the Old Red Sandstone

may be divided into three groups.

Murchion's Silurin, p. 245.
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the Diptcrinn family. This family, ob- 
serves Mr. irurli Miller, is cnii)hnti- 
c a ~ y  clitirticteristic of tlio OM R C ~  
Sandstone. The scales of this . Sla- 
gowlepi% the only parts of the species 
yet known, arc so like tliose of Glyp- 
topomus in form find pttern ilmt they 
may possibly prove to bo referable to 
tlie same genus. Tlio Glystopmvs, as 
wo have seen, is found in tlie yellow 
sandstone of Dura Deu in Fife, and (lie 
genus hns uot hitherto been mot with 
ill any foniration except tlro Devouiau. 

Tho liglit-colored snudstouo of 

rccentky (18S1) the bones of a reptile, 
th f l ~ t  and only mein01-hl~ of thnt 

EISS yet discovered in a stratum of 
ell high antiquity. Titis fossil wns 
tinned by Mr. Patrick Duff. nutlior 
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The matrix is a flue-grained whitish sandstone, with a cement of carbon

ate of lime. Although almost all the bones except those of the skull

have decomposed, their natural position can still be seen. Nearly perfect
casts of their form were taken by Dr. Mantell from the hollow moulds

which they have left in the rock.

Slight indications are visible of minute conical teeth. Of ribs there

are twenty-four pains, very short and slender. The pelvis is placed after

the twenty-fourth vertebra, precisely as in the living Iguana. On the

whole, Dr. Mantell inferred that the animal possessed many Lacertian

characters blended with those of the Batrachians. He was unable to

decide whether it was a small terrestrial lizard, or a freshwater Batrachian,

resembling the Tritons and aquatic Salamanders.

Although this fossil is the most ancient quadruped of which any
osseous remains have yet been brought to light, it seems not to have
been the only one then existing in that region, for Captain Brickeuden
observed, in 1850, on a slab of sandstone from the same quarry at Cum
in ingstone, a continuous series of no less than thirty-four footprints of a

quadruped. A small part of this track, the course of which is supposed
to have been from i to n, is represented in the annexed cut (fig. 537).
The footprints are in pairs, forming two parallel rows; the hind foot being

Fig. 53T.

B
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Scale one-sixth the original size.
Part of the trail of a (Clieloninu?) qiindrupcd from the 0111 Red Sandstone of Cam

mlngtwio, near Elgin, Morayshire.-Captain Brickenden.

one inch in diameter, and larger than the fore foot in the proportion of 4
to 3. The stride must have been about 4 inches. The impressions re
semnble those left by a tortoise walking on sand; and, if this be the true
interpretation of the trail, they are the only indications as yet known of a
chelonian more ancient than the tnins.

I have already alluded (1. 400) to trails referred by American geolo
gists to several species of air-breathing reptiles, and discovered on the
eastern flank of the Alleghany range, in Pennsylvania, in a red shale, so
ancient that a question has arisen whether the rock should be classed as
the lowest member of the carboniferous, as Professor H. D. Rogers con
ceives, or as the upperinostDcvonian, as some have contended (see p. 400).
They at least demonstrate that certain quadrupeds, of larger size than
any of the bones that have been found in carboniferous rocks, existed at
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the time when the ancient Red Shale, usually termed, in the United

States, infra-carboniferous,"11 was in the course of deposition.

In Ireland, the upper beds of the Old Red or yellow sandstone of

Kilkenny contain fish of the genera C'occosteus and Dendrodu; cliarac.

tcristie forms of this period, together with plants specifically distinct

from any known in the coal-measures, but referable to the genera found

in them; as, for example, Lepiclodendrom and Uyclopteris (see figs. 588

and 539). The stems of the latter have, in some specimens. broad bases

of attachment, and may therefore have been tree-ferns.

Fig. 539. Fig. 539.

In the same strata shells having the form of the genus .Anodon, and
which probably belonged to freshwater testacea, occur. Some geologists,
it is true, still doubt whether these beds ought not rather to be classed
as the lowest beds of the carboniferous series, together with the yellow
sandstone of Mr. Griffitlis (see p. 359) ; but the associated ichthyolites
and the distinct specific character of the plants, seem to favor the opinion
above expressed.

B. (Table, p. 412.)-We come next to the middle division of the
"Old Red," as exhibited south of the Grampians, and consisting of-1st;
red shale and sandstone, with some corustone, occupying the valley of
Strathmore, in its course from Stonhv to the Firth of Clyde; and,

. 2dly, of a conglomerate, seen both at

the foot of the Grampians, and on the
flanks of the Sidlaw Hills, as shown in
the section at p. 48, Nos. 1, 2, and 3.
In the uppermost part of the divi
sion No. 1, or in the beds which,
in Fife, underlie the yellow sand
stone, the scales of a large ganoid
fish, of the genus Holoptychius, were
f-st observed b Dr. Fleming, ati Y

tire specimen, more than 2 feet in

1.:
fl




Clashbinnio, near Perth; and an en-

Scnh of llOlOpt1i7af na?,1Z1ptrn length, was afterwards found by Mr.
Clasbbrnnie. Nat. Bize. Noble. Some of these scales (see fig.

640) measured 3 inches in length, and 2. in breadth.

Stem of Lepidoclendron, 80 compressed as
to destroy the qutncnttc arraugetitent of
the scars. Upper Dovonlan, Kilkenny.




Ce1op(eri Ilibernka. Forbes.
Upper Dovouiaii, Kilkenny.
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C. (Table, p. 412).-The third or lowest division south of the Gram

plans consists of gray paving-stone and roofing-slate, with associated red

and gray shales; these strata underlie a dense mass of conglomerate. In

these gray beds several remarkable fish have been found of the genus

named by Agassiz Ueplialaspis, or "buckler-headed," from the extraor

dinary shield which covers the head (see fig. 541), and which has often

been mistaken for that of a trilobite, such as Asaphus.

Fig. 541.




('S
:.'

MSsr
.--

AN _~4-- .4 "\ \";bl'

('c'pliataRpi8 LyellU, Agass. Length 6 lncbo9.
From a specimen in my collection found at (iliimmiss, in Forfarshiro; see other figures,

Agnssi; vol. II. tab. I a, and 1 b.
a. One of the peculiar scales with which the head is covered when perfect. These scales

arc generally removed, as In the specimen above figured.
b, c. Scales from different parts of the body and tall.

In the same rock at Carmylie, in Foifarshire, commonly known as the

Arbroath paving-stone, fragments of a huge crustacean have been met

with from time to time. They are called by the Scotch quarrymen the

"Seraphim," from the wing-like form and feather-like ornament of the

hinder part of the head, the part most usually met with. Agassiz, having

Fig. 542.

Portions of the P&'rygotu angl(en, Agassiz.
1. Ifiddlo portion of tho "Seraphim" or beck of the bend, with the scale-like sculpturln.2. Portion of time dilated base of one of the anterior feet, whim its strong spines or teeth,

used as snaMienting organs..fi. The proximal portion ofone of the great anterior clriw&4. Tenimlmmation of the same, with the serrated pincers. (Sets gas. Puiss. Foss. duViouxGrs nouge. l)latO it.)
I and 2 are of time natural bizo; 8 and 4 ore sedmicemi one Lmni1
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previously referred some of these fragments to the class of fishes, was the

first to recognize their true nature, and in the first plate of his "Poissons

Fossiles du Vicux Grès Rouge," be figured the portions on which he

founded his opinion.
The carapace of this huge crustacean, which must have rivalled, if not

exceeded in size the largest crabs, is furnished at. its hinder part with

short prongs, and has two large eyes near the middle, mud' like those of

the Euryplerus found in the coal formation of Glasgow. The body con

sists of ten or eleven movable rings




Fig. 548.
(the exact number is not ascer-

oval-pointed tail. The whole stir-
tamed), and was terminated by an

face is covered by the scale-like ..

m-ldnas before mentioned as or-ai




(
namenting the head. Prof. M'Coy,




i.
to whom I owe these notes on the

general structure, has kindly fur- __




,
nished me with a restoration of the

entire animal (fig. 543), which lie
believes to be closely allied to the

great Euiypterus before mentioned,
if not of the very same genus, and,
moreover, of the same family as the

living King crab or Lhnulus.
Sir R. Murchison has expressed

Pte;ygotus probleniaticus, Agassiz.some doubts* whether the gray Restoration by Protcssor M'Coy.
beds of Forfarshire, containing the

Fieryqotus, may not be referable to the Upper Silurian or Upper Ludlow
beds; but, as they are associated at Bairuddeile with numerous speci
mens of Ueplzalaspis (the bony bucklers or head-pieces alone being pre
served), apparently belonging to two species, I think it far more probable
that they constitute a division of the "Old Red," and perhaps not so an
cient a one as the bituminous scbists (b, p. 418) in the North of Scotland.

In the same grty paving-stones and coarse roofing-slates in which the
C'eplialaspis and Plerygolus occur, in Forfar shire and Kincardineshire, the
remains of grass-like plants abound in such numbers as to be useful to the

Wgeologist
by enabling him to ideutify corresponding strata at distant points.

hether these be fucoids, as I formerly conjectucr'cd, or freshwater plantsof the family Fluviales, as some botanists suggest, cannot yet be deter
mined. They are oftei accompanied by fossils, called "berries" by the
quarrymen, and which are not unlike the form which a ornpresscd
blackberry or raspberry, might assume (see figs. 544 and 545). Some
of these were first observed in the year 1828, in gray sandstone of the
same age as that of Forfarshi,"e, at Purl-hill near Newburgh, in the north
of Fife, by Dr. Fleming. I afterwards found them on the north side of
St.rathmore, in the vertical shale beneath the conglomerate, and in the

0 Siluria, p. 24.
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same beds in the Sidlaw fills, at all the points where fig. 4 is introduced

in the section, p. 48.

FI. 544.

Parka decspti', Fkiuln.
In sandstone of lower hedi
of Old fled, Leys Mill.
Forfarshlre.




Fig. 545.

Dr. Fleming has compared these fossils to the panicles of a Tuncus, or

the catkins of Spa;qan lam, or some allied plant., and he was confirmed in

this opinion by finding a specimen at Balruddeiie, showing the undet

surface smoother than the upper, and displaying what

may be the place of attachment of a stalk. I have met Fig. 540.

with some specimens in Forttrshirc imbedded in sand

stone and not associated with the leaves of plants (see

fig. 544), which bore a considerable resesemblanco to

the spawn of a recent iYalica (fig. 540), in which the

eggs are arranged in a thin layer of sand and seem to Fragment of spawn
" . . of British species

have acquired a polygonal form by prcssmg against of aUCU.

each other; but, as no gasteropodous shells have been

detected in the same formation, the Parka has probably no connection

with this class of organisms.
The late Dr. Mantell was so much struck with the resemblance of one

Fig. 54T.




Fkr. 5I).




Fig. 54S.

la

fleeerul

j .1.
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Fig. 5471. Slab of Old Red Sandstone,
Forfarslilro, with bodies Ilko tho ,
ova of liatrachians.

a. Ova? In a carbonized state. I 2
b. Egg-cells?, the ova shed. J

Fig. 549. Eggs of the common frog,
Mina. kna;iorari.i. In a
carbon-izedstate, from a titled-up pond In
Claplinin Common.

a. Tim ova.
1'. A trnnverso Section of (ho

muss ethIbltIng the form of
the egg-culls.

Fl--,. 519. Shale of Old poll qatillstone, 01
Ik.vnlan, Forfar.lilro. with IIIIIireslou;of pintits and eggs of Batrachiuna?
a. Two pair of ova? resembling

itoo of large Sainmajisiers in
Tritons-on the sawo leaf

b, 1. I)etneheit ova?
e. Egg-cells ) offrogs or Ranina.

Parka (1eipunR, Mining.
In shnio of lower beds ofOld Red, Fire.

Fossil.--Old lied.
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of my specimens (see fig. 54'I) to a small bundle of the dried-up eggs of

the common English frog, which he had obtained in a black and car

bonaceous state (see fig. 548) from the mud of a pond near London, that

he suggested a bati'achiau origin for the fossil; and Mr. Newport con

curred in the idea, adding that other larger and more circular fossils (fig.

549), which I procured from shale in. the same "Old Red," occurring

singly or in pairs, and attached to the leaves of might possibly be

the ova of some gigantic triton or salamander.

The general absence of reptilian remains from strata of the Devonian

period will weigh strongly with many geologists against such conjectures.
" Old Red" in the .LYortk Scolland.-The whole of the northern part

of Scotland, from Cape Wrath to the southern flank of the Grampians, has

been well described by Mr. Hugh Miller as consisting of a nucleus of

granite, guciss, and other hypogene rocks, which seem as if set in. a sand

stone frame.* The beds of the Old Red Sandstone constituting this frame

may once perhaps have extended continuously over the entire Grampians
before the upheaval of that mountain range; for one band of the sand
stone follows the course of the Moray Fritli far into the interior of the

great Caledonian valley, and detached hills and island-like patches occur
in several parts of the interior, capping some of the higher summits in
Sutherlandshire, and appealing in Morayshire like oases among the granite
rocks of Strathspey. On the western coast of Ross-shire, the Old Red
forms those three immense insulated hills before described (p. 67), where
beds of horizontal sandstone, 3000 feet high, rest unconformably on a base
of gneiss, attesting the vast denudation which has taken place.
As the mineral character of the 'Old Red" north of the Grampians

differs considerably from that of the south, especially in the middle and
lower divisions, I shall now allude to it separately. The Upper portion,
consisting of light-colored sandstones, and containing the- Teleipeton of
Elgin, has been already classed, A., p. 412, as the equivalent of the yel
low sandstone of Fife. That upper member passes downwards into red
and variegated sandstone and conglomerate, which may correspond with
the beds called B., in the same section at p. 412. To the above succeeds,
in the descending order, "the middle formation" of Mr. Hugh Miller, com
posed of thin, fissile, gray sandstone, in which, in Morayshiire, Dr. Malcolm
son found a species of UeplLalaspi.!; but whether these beds are of the
ago of the paving-stone of Arbroath (0. Table, p. 412) is as yet uncertain.
Next below is the "inferior division" of Hugh Miller, comprising-

a. Red and variegated sandstones.
b. Bituminous &cliisls.
c. Coarse sandstone.
ci. Great Conglomerate.

BIn
the schists b, a great variety of fish are met with in the counties oi

anff, Nairn, Moray, Cromarty, and Caithness, and also in Orkney, be-
onging to the genera Ftcrichtli.ys (fig. 550), Uoccosteus, .DiplopteruG,
Dipicrus, Clieiracanthus, Astc,olcj,is, and others described by Agassiz.

"Old Red Sandstone," 1841.
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Five species of Piericizikys have

Fig. 650.




been found in this lowest divi

sion of the Old Red. The wing
like appendages, whence the

genus is named, were first sup

posed by Mr. Miller to be pad
dles, like those of the turtle; but

Agassiz regards them as weapons
of defence, like the occipital

spines of the River Bull-head

(Coitus çjobio, Linn.); and con

siders the tail to have been the

only organ of motion. The go
iieua J)ipierus and L)iplopterus
are so named, because their two

dorsal fins are so placed as to

front the anal and ventral fins,

so as to appear like two pair of

wings. They have bony enamelled scales.

The.Asierolepzs was a ganoid fish of gigantic dimensions. A. Asmusii,

Eichwald, the species characteristic of the Old Red Sandstone of Russia

as well as that of Scotland, attained the length of between 20 and 80

feet.. It was clothed with strong bony armor, embossed with star-like

tubercles, but it had only a cartilaginous skeleton. The mouth was

furnished with two rows of teeth, the outer ones small and fish-like, the

inner larger and with a reptilian charaeter.t The Asicrolepis oocurs also

in the Devonian rocks of North America, in the lower division of the

Old Red. Coniferous wood,, with structure showing medullary rays, has

likewise been detected in the lower division by Hugh Miller,t who has

pointedly dwelt on the importance of the fact., as the oldest example yet
known of so higUy organized a plant occurring in a rock of such antiquity.

South Dcvoi and Cornwall.-Term Devonian.-A great step was
made in the classification of the slaty and calciferous strata of South
Devon and Cornwall in 1837, when a large portion of the beds, pre
viously referred to the "transition" or Silurian series, were found to be

long in reality to the period of the Old Red Sandstone. For this reform
we are indebted to the labors of Professor Scdgwick and Sir R. Murchison,
assisted by a suggestion of Mr. Lonsdale, who, in 1837, after examining
the South Devonshire fossils, perceived that some of them agreed with
those of the Carboniferous group, others with those of the Silurian, while

many could not be assigned to either system, the whole taken together
exhibiting a peculiar and intermediate character. But these paleouto
logical observations alone would not have enabled us to assign, with accu-

11 Old Red Sandstone. Plato 1) fig. 1. Mr. Miller's description of the fish 18
most graphic and correct.

t Footprints of the Creator, by Hugh Miller.
f Footprints, p. 199.

Ptericl,lhy6, Agnsiz; tipper side. Ebowilig
mouth; as restored by Ii. Miller.*
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racy, the true place in the geological series of these slate-rocks and

limestones of South Devon, had not Messrs. Scdgwick and Murchison,

in 1836 and 1837, discovered that the culmiferous or anthracitie shales

of North Devon belonged to the Coal, and not, as preceding observers

bad imagined, to the "transition" period.

As the strata of South Devon here alluded to are far richer in organic

remains than the red sandstones of contemporaneous date in Herefordshire

and Scotland, the new name of the "Devonian system" was proposed as

a substitute for that of Old Red Sandstone.

The link supplied by the whole assemblage of imbedded fossils, con

necting as it does the paleontology of the' Silurian and Carboniferous

groups, is one of the highest interest, and equally striking whether we

regard the genera of the corals or of the shells. The species are mostly

distinct, except in the upper group.
The rocks of this group in South Devon consist., in great part., of green

chloiitic slates, alternating with hard quartzose slates and sandstones.

Here and there calcareous slates are interstratified with blue crystalline
limestone, and in some divisions conglomerates, passing into red sand

stone. But the whole series is much altered and disturbed by the intru

sion of the granite of Dartmoor and other igneous rocks.
In North Devon, on the contrary, the Devonian group has been less

changed, and its relations to the overlying carboniferous rocks or cc Cuim
Measures" are clearly seen. The following sequence is exhibited in the
coast section on the Bristol Channel between Barnstaple and the North
Foreland.*




Devonian Series in IST0,.tlt Devon.

Upper

(a. Calcareous brown slates; with fqssils, many of them common to
1. the Carboniferous group. (Bnrnstaple, l'ilton, &c.)b. Brown and yellow sandstone, with shells and land-plants-Shy

maria, Knorria, and others. (Buggy Point, Marwood, &c.)
2. Hard gray and reddish sandstones and inicaceous flags, without

Middle-

fossils, resting on soft greenish schists of considerable thickness.
(Morte Bay, Bull Point, &c.)3. Calcareous slates, with eight or nine courses of limestone, full of
corals and shells like those of the P1
Martin, lifracombo Harbor, &c.)

limestone. (Combo

4. Hard, greenish, red, and purple sandstones; with occasional fossils,
Lower

{

Spirfcrs, &c. (Linton, North Foreland, &e.)5. Soft chioritous slates, with some sandstones; Orihis, Spirfcr, and
some Corals. (Valley of Rocks, Lynmouth, &c.)

The successive beds of this section have been compared with those
of South Devon and Cornwall, both by the authors of the "Devonian"
system and by other observers. And Prof. Sedgwiek has again lately
brought them into closer comparison.t Other geologists, at home and
abroad, have successively identified them with the Devonian series in
France, Belgium, the Rhienish Provinces, Central Germany, and Ainer-
* Sedgwick end Mnrcb500, Trans. Geol. Soc., New Series, vol. . p. 044. Dela Beche, Geol. Report, Devon and Cornwall, pl. 3. Murchison's Silurin, p. 258.
j Quart. Journ. Geol. Soc. Vol. Viii. p. 1, et seq.
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ica.* I shall proceed first to treat of the main divisions which have been

established in Europe.




Upper Devonian Rocks.

The slates and sandstones of Barnstaple (No. 1, a, b of the preceding
section) are represented in Cornwall by the limestones and slates of Pether

wyn, which rise in like manner from under the Cuim Measures, consti

tuting the Petherwyn group of Prof.

Sedgwick. These beds contain the 551.

very common Spirfcr clisjunctus,
Sow. (S. Vcrneuilii, Murch.), (see

fig. 551), a species distributed over
the whole of Europe, and found even

in Asia Minor and China. Among Spirjjˆr dIsunctu., sow. Syn. Sp. Vr
iieuliii, Murch.

many other fossils the Ulynzenia Upper Dovonian, BouIoe.
lznearzs (fig. 552) and the minute

crustacean (Jypriclina scrrato-s(riata (fig. 553) are so characteristic of

these upper beds in Belgium, the Rhenish Provinces, the Hartz, Saxony,

Fig. 552.

AX~ X,

C2ymenia Zineari., Minstor.
Pethcrrp, Cornwall; Eibersreutb, Bavaria.




Fig. 558.

(80
0

C'?/prldl;UL 8errato-.striata. Sandbergor.
Wcilburg, &o.; Nassau; Saxony; Bel-
g'um.

and Silesia, that strata of this division in Germany are distinguished by
the names of" Clynienien-Kalic," and "Oypridincn-schiefer."f
With these are many Goniatiles (G. subsulcalus, MUnster, and other

species) both in England and on the continent. In Germany they are

usually confined to distinct beds, as at Oberseheld, also at Couvin in

Belgium, &c. Trilobites are not uufrcqucnt in Cornwall and North
Devon; they are chiefly restricted to species of .Pliacops (for genus, see

fig. 585) ; but in the upper Devonian limestones of the Fiehtelgebirgo, as
at Elbersrctfth in Bavaria, there arc numerous genera and species which
never rise higher in the series or appear in any portion of the
carbonifer-ouslimestone.




jViddle Devonian
The unfossiliforous series (No. 2, p. 420) of North Devon, and the calca

reous beds of llfracoinbo (3), correspond to the Dartmouth and Plymouth
* See Dr. Fi'idolin Snndberger on the Devonian rocks of Nassau (Geol. Verhalt.

Nassau); Fried. A. Roerner, on the hartz Devonian Rocks, in Dunkor and Von
Meyer's Pnlontographica, 3d vol. pt. 1.

f See Murchison's Siluria, chapters x. xiv. and xv.



FOSSILS OF THE [Cn. XXVI 

groups of Prof. Sedgwick's South Dcvon series, and are the most typical 
"portion of the Devonian system. They include tho great limestones 01 

Plymoufi und Torbay, replete with shells, trilobites, and corals. A thick 
of sinto and schist, full of the same fossils, occupies nearly 

all the southern portion of Devonshire and a largo part of Cornwall. 
Among tho corals we find tho genera Favosites, Heltolites, and Cyatho- 
phylhm, the last genus equally abundant in Uio Silurian and Cnrbonifcr- 
oils systems, the two former so frequent i n  Silurian rocks. Some few 
even of tlio species nro common to the Devonian and Silurian goups, as, 
for example, Favosites polifmorplta (fig. 554), one of tlie commonest of all 
the Devonshire fossils. The CyattiOphyUm ~ ( ~ s p l t o s u m  . fiw. ;-> 5 5 5 )  and 

Fig. 655. 

Fig. 65L 

-- 
favMiteapotyi~rj~Tia, Ooldt. S. Devon, from a polished 

specimen. 
a. Portion of tho ~ n m o  mngnificd, to allow Iho pores. 

0. Cyatho AyIlttnt casspftosun~, 
GO f tit ,  r i p o u t l ~ .  

6. A tormiiinl atnr. 
a. TorUcni section, exhibiting 

trnnsvcrsa pliitcs, and part of 
nnotlicr branch. 

nelioiites pyriformis ( 6 3  556) are peculiarly cliiiracteristic; as is another 
very common species, the Aviopra sevens (fig. 557), wliicli creeps 
corals and shells in its young st ate, as here figured, hut nitoriviirds grows 

Fig. 657. 

~ ~ ~ a r d s ' a n d  bcc~mia n cluster of tubes connected bv minute processes. 
In this state it has been supposed to be it disliuct coral, and has been 
called Syrmyopora. 
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With the above are found many stone-lilies or crinoids, some of them,

such as Cupressocrinites, of forms generically distinct from those of the

Carboniferous Limestone. The mollusks also are no less characteristic,

among which the genus Siringoceplialus (fig. 558) may be mentioned as

Fig. 558.

44)




\" V
Se,ingocep1alus .lJurtini, Derr. (Tcrel'ratubr pozrecta, sow.) Eire; also ouuth Devon.

a. Valves united. Ii. Side view ofsame.
c. Interior of larger valve, showing thick pnrlitlon, and part of a large process which

projects from its upper end "uito across the shell.

exclusively Devonian. Many other Brachiopod shells, of the genus Spir

i/'r, &c., abounded, mid among theni the .Airypa reticularis, Linu. sp.

(fig. 575,1). 434), which seems to have been a comopolite species oc

curring in Devouiaii strata from America to Asia Minor, and which, as

we bliall hereafter see (p. 433), lived also in the Silurian seas. Among
the peculiar lamellibr:uieliiato bivalves common to the Plymouth lime

stone of Devonshire and the Continent, we find the iTegalodon (fig. 559),

together with many spiral univalves, such as .iliurcli.isonia, .Euompltalu;
and Macroclicilus; and Pteropods such as Gon ularia (fig. 500). The

Fig. 560.

Fig. 559.

!egaZodon CUCU11aIUR, sow. Elfel ; also lirnilloy, S. I)cvun. Conislaria ornata, D'Arcb. et
a. The valves united. Do Vera
ii. Interior of valve, showing the largo cnrdiun tooth. (Geol. Trans. 2i1 s. vol. vi. pi. 29.)

Relath, near Cologne.

ceplialopoda, such as Uyrtoceras, G1,roeeras, and others, are nearly all of

genera distinct from those prevailing ill the Upper Devonian Limestone,

or Clymenien-kalk of the Germans already mentioned (p. 421). Although
but few species of Trilobites occur, the characteristic Brontes fiabellfer

(fig. 501 p. 424) is far more rare, and all collectors are familiar with its
fan-like tail. The head is seldom found perfect; a restoration of it has
been attempted by Mr. Salter (fig. 502).

In this same 1riimation, comprising in it the "
Stringoceplialus Lime-0
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Fig. 561.




Fig. 562

Restored outline of head of l?ron(e4
flubel1ifi.r

3ronk8fiallftr, GoldC Elfel; also S. Devon.

Stone," or "Eifel Limestone" of Germany, several remains Coccosteus

and other ichthyolites have been detected, and they serve, as Sir R. Mur-

chison observes (Siluria, p. Fig. 568.
371), to identify the rock

with the 01(1 Red Sandstone
of Britain and Russia

Beneath the great Eiflb
Limestone (the priucpa1
type of "the Devonian" on I

the Continent), lie certain cakeoza sa,ulaZina, Lam. ElM; also South Dovon.

schists called by German
a. Ventral valve. b. Inner side of dorsal valve.

wiiters "Calceola-schiefer," because they contain in abundance a fossil

brachiopod of very curious structure, Galceola &andalina (fig. sca).

Lower Devonian.

Beneath the Middle Devonian limestones and schists already enumera
ted, a series of slaty beds and quartzoso sandstones, the latter constituting
the "Older Rhenish Greywacke" of Roemei and the "Spirifer sandstone"
of Sandberger, are exhibited between Cobleutz and Caub.* A portion ot
these rocks on the Rhine and in some of the adjacent countries were re

garded a 'Upper Silurian" by Prof. Sedgwick and Sir R. Murchison in
1839, but Weir true age has since been determined. Their equivalents
are found in England in the sandstones and slates of the North Foreland
and Linton in Devon (No. 4 and 5 of the section, p. 420), and, ac

cording to Mr. Salter, in the sandstone of Torbay in South Devon,
where many of the characteristic Rhenish fossils are met with. The

broad-winged Spirifers
which distinguish the r. 1g. 564.

"Spirjfer.sandstejn' of
Germany have their rep
resentatives in the De
vonian strata of North
America see fig. 564). Sp1rfe," n,uc,.o,uth, hail. Dovonlnn of Pennsylvania.

1UrC11isofl' Siluria, p. 363.
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Among the Trilobites of this era a large species of Hornalonotus (fig.
565) is conspicuous. The genus is still better known as a Silurian form,
but the spinose species appear to belong exclusively to the "Lower De

vonian."
With the above are associated many species of Brachiopods, such as

Orthis, Lepiwna, and Clioneics, and some Lamellibranchiata, such as

Pierineci; also the very remarkable fossil coral, called Fleurodictyum

problernaticum (fig. 5(36).




rh'igrodiclyuniprn?b'maticu,n, Gol(1fIIs9. Lower
Devonian; Dletz, Nassau, &c.

Mo. Attached to a worm-like body (&rpuia).The specimen Is a cast in sandstone, (ho thin ex.
panded base of the coral being rentoved, and ex.
posing tho large polygonal coils; the wails ofthese
culls are performed, and (Ito casts of these perforations produce the clinin-liko rows of dots between
the cells.

ffornatonotua arniatua, l3urmelster. Lower
Devonian; Daun, in the Milk!).

O?rn. The two rows of spines down the body
give an appearance or more distinct triloba
tion than really occurs In this or most other
Species of (ho genus.

Devonian of .Russia.-The Devonian strata of Russia extend, according
to Sir R. Murcliison, over a region more spacious than the British Isles;
and it is remarkable that where they consist of sandstone like the "Old
Red" of Scotland and Central England, they are tenanted by fossil fishes
often of the same species and still oftener of the same genera as the Brit
ish, whereas when they consist of limestone they contain shells similar to
those of Devonshire, thus confirming, as Sir Roderick observes, the con
temporaneous origin previously assigned to formations exhibiting two very
distinct mineral types in different parts of Britain. The calcareous and
the arenaceous rocks of Russia above alluded to alternate in such a man
ner as to leave no doubt of their having been deposited at the same
period. Among the fish common to the Russian and the British strata
are Astcrolèpis Asznusii before mentioned; a smaller species, A. minor,
Ag.; Holop4jcltius nobilissimus (p. 414); Dendrodus sir/ga(us, Owen ;
Fiericlahys major, Ag.; and many others. But some of the most
marked of the Scottish genera, such as Uephalaspis, Uoccoscus, .Diplacan
lliu; G'/ieiracanhltus, &c., have not yet been found in Russia, owing
perhaps to the present. imperfect state of our researches, or possibly to
geographical causes limiting the range of the extinct species. On the

* Silurin, p. 829.

Fig. fjG5.




Fig. 560.
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whole, no less than forty species of 1)laCOid and ganoid fish have been

already collected in Russia, some of the placoids being of enormous size,

as before stated, p. 410.

Devonian Strata in 11w United States.

In no country hitherto explored is there so complete a series of strata

intervening between the Carbouiibrous and Silurian as in the United

States. This intermediate or Devonian group was first studied in all its

details, and with due attention to its fossil remains, by the Government

Surveyors of New York. In its geographical extent., that Slate, taken

singly, is about equal in size to Great Britain; and the geologist has the

advantage of finding the Devonian rocks there in a nearly horizontal and

undisturbed condition, so that the relative position of each formation can

be ascertained with certainty.

Subdivisions of the .i'Tcw York .Devoniam Strata, in 11w l*pouts of the
Government Surveyors.

Names of Groups. ThIckne in Feet
1. Catskill group or Old Red Sandstone - - - - 200fl
2. Cliemung group - - - - - - 1600
3. Portage - - - - - - - - - 10004. Genesee
15. Tully - - - - - - - - - 15
6. Hamilton - - - - - - - - 1000
'7. Marcellu - - 50
S. Coniferous

609. Onondaga
10. Seholinrie
1]. Cauclri-Gallj grit

- 10
12. Oriskany sandstone - - - - - - 6 to 30

These subdivisions are of very unequal value, whether we regard the
thickness of the beds or the distinctness of their fossils; but they have
each some mineral or organic character to distinguish them from the
rest. Moreover, it has been found, on comparing the geology of other
North American States with the New York standard, that some of the
above-mentioned groups, such as Nos. 2 and 3, which are respectively
1500 and 1000 feet thick in New York, are very local and thin out when
followed into adjoining States; whereas others, such as Nos. 8 and 9, the
total thickness of which is scarcely 50 feet in New York, can be traced
over an area nearly as large as Europe.

Respecting the upper limit of the above system, there Us been very
little difference of opinion, since the Red Sandstone No. 1 contains
HoloptyciLius nobiljsgjmug and other fish characteristic generically or
specifically of the European Old Red. More doubt has been entertained
in regard to the classification of Nos. 10, 11, and 12. M. do Verneuil
proposed in 184'i, after visiting the United States, to include the Oriskanysandstone in the Devonian ; and Mr. P. Sharpo, after examining the fossils
which I had collected in America in 1842, arrived independently at the
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same conclusion.* The resemblance of. the Spirifers of this Oriskany
sandstone to those of the Lower Devonian of the Elfel was the chief mo

tive assigned by M. do Verneujl for his view; and the overlying Sehoharie

grit, No. 10, was classed as Devonian because it contained a species of

Asterolepis. On. the other hand, Prof. Hall adduces many fossils from

Nos. 10 and 12 which resemble more nearly the Ludlow group of Mur

obison than any other European type; and ho thinks, therefore, that those

groups may be "Upper Silurian." Although the Oilskany sandstone is

no more than 30 feet thick in Now York, it is sometimes 300 feet thick m

Pennsylvania and Virginia, where, together with other primary or paleo
zoic strata, it has been well studied by Professors VT. B. and II. D. Rogers.
The upper divisions (from the Catskill to the Genesee groups, inclu

sive, Nos. 1 to 4) consist of arenaceous and shaly beds, and may have
been of littoral origin. They vary greatly in thickness, and few of them
can be traced into the "far west;" whereas the calcareous groups, Nos.
8 and 9, although in Now York they have seldom a united thickness of
more than 50 feet, are observed to constitute an almost continuous coral
reef over an area of not less than 500,000 square miles, from the State of
New York to the Mississippi, and between Lakes Huron and Michigan, in
the north, and the Ohio River and Tennessee in the south. In the
Western States they are represented by the upper part of what is termed
"the Cliff Limestone." There is a grand display of this calcareous for
mation at the falls or rapids of the Ohio River at Louisville in Kentucky,
where it much resembles a modem coral-reef. A wide extent of surface
is exposed in a series of horizontal ledges, at all seasons when the water
is not high; and, the softer parts of the stone having decomposed and
wasted away, the harder calcareous corals stand out in relief; their erect
stems sending out branches precisely as when they were living. Among
other species I observed large masses, not less than 5 feet in diameter, of
Favositcs got/ilandica, with its beautiful honeycomb structure well dis

played, and, by the side of it., the .F'avistella, combining a similar honey
combed form with the star of the Astra. There was also the cup
shaped cyatliophyllum, and the delicate network of the Feneslella, and
that elegant and well-known European species of fossil, called "the chain
coral," catenipora escitaroides (see fig. 519, p. 435), with a profusion of
others. These corallino forms were mingled with the joints, stems, and

occasionally the heads of lily encrinites. Although hundreds of flue

specimens have been detached from these rocks to enrich the museums
of Europe and America, another crop is constantly working its way out,
under the action of the stream, and of the sun and rain in the warm sea
son when the channel is laid dry. The waters of the Ohio, when I visitc'd
the spot in April, 1840, were more than 40 feet below their highest level,
and 20 feet. above their lowest, so that large spaces of bare rock were ex
posed to view.f
* Do Vcrtieujl, Bulletin, 4, 618, 1847. D. Sliarpe, Quart. Jourii. Geol. Soc. vol

iv. pp. 145, 1847.
f Lycli's ecor;d Visit to the United Stnte, vol ii. p. 277.
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No less than 46 species of British Devonian corals are described in the

Monograph published in 1853 by Messrs. M. Edwards and Jules Haime

(Paleontographical Society), and only six of these occur in America; a

fact, observes Prof. E. Forbes, which, when we call to mind the wide lati

tudinal range of the Anthozon, has an important bearing on the deter

mination of the geography of the northern hemisphere during the Devo

nian epoch. We must also remember that the corals of these ancient

reefs, whether American or European, however recent maybe their aspect,
all belong to the Zoaniliaria rugosa, a suborder which, as before stated

(p. 403, et seq.), has no living representative. Hence great caution must

be used in admitting all inductions drawn from the presence and forms of

these zoophytes, respecting the prevalence of a warm or tropical climate

in high latitudes at the time when they flourished,-for such inductions,

says Prof. E. Forbes, have been founded "on the mistaking of analogies
for affinities.*

This calcareous division also contains Goniatiles, Spirfbrs, Fcntrc-
mites, and many other genera of Mollusca and Cilnoidea, corresponding
to those which abound in the Devonian of Europe, and some few of the
forms are the same. But the difficulty of deciding on the exact parallelism
of the New York subdivisions, as above enumerated, with the members
of the European Devonian, is very great., so few are the species in com
mon. This difficulty will best be appreciated by consulting the critical
essay published by Mr. Hall in 1851, on the writings of European authors
on this interesting question.f Indeed we are scarcely as yet able to de
cide on the parallelism of the principal groups even of the north and
south of Scotland, or on the agreement of these again with the Devonian
and Rhenish subdivisions.

* GeoL Quart. Journ. vol. x. p1. lx. 1854.
f Report of Foster and Whitney on Geol. of Lake Superior, p. 302, Washing.ton, 1851.
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CHAPTER XXVII.

8ILURIAN AND CAMBRIAN GROUPS.

Silurian strata formerly called Transition-Term Grauwack-Subd.iv1sions of

Upper, Middle, and Lower Silurians-Ludlow formation and fossils-Ludlow
bone-bed, and oldest known remains of fossil fish-Wcnlock formation, corals,

cystideans, trilobites-Middle Silurian or Caradoc sandstone-Its unconformn

bility-Pentamori and Tcutaculitcs-Lower Silurian rocks-Liandeilo flags
C.yatidetc-Trilobitcs-Graptolitcs-Vnst thickness of Lower Silurian strata in

Wales-Foreign Silurian equivalents in Europe-IJngulito grit of Russia
Silurian strata of the United States-Amount of specific agreement of fossils
with those of Europe-Canadian equivalents-Deep-sea origin of Silurian
strata-Fossiliferous rocks below the Liandeilo beds-Cambrian group.-Liu
gula flags of North Wales-Lower Cambrian-Oldest known fossil remains
"Primordial group" of Bohemia-Characteristic trilobites-Metamorphosis of
trilobites-Alum schists of Sweden and Norway-Potsdam sandstone of United
States and Canada-Footprints near Montreal-Trilobites on the Upper Mis

sissippi-Supposed period of invertebrate animals-Upper Silurian bone-bed
-Absence of fish in Lower Silurian-Progressive discovery of vertebrata in
older rocks-Inference to be drawn from the greater success of British Pa
leontologists-Doctrine of the non-existence of vertebrata in the older fossilif
erous periods premature.

WE come next in the descending order to the most ancient of the

primary fossiliferous rocks, that series which comprises the greater part of
the strata formerly called "transition" by Weruer, for reasons explained
in chap. viii., pp. 01 and 93. Geologists were also in the habit of ap
plying to these older strata the general name of "grauwacké," by which
the German miners designate a particular variety of sandstone, usually an

aggregate of small fragments of quartz, flinty slate (or Lydian stone), and

clay-slate cemented together by argillaceous matter. Far too much im

portance has been attached to this kind of rock, as if it belonged to a
certain epoch in the earth's history, whereas a similar sandstone or

gilt is found in the Old Red, and in the Millstone Grit of the Coal,
and sometimes in certain Cretaceous and even Eocene formations in the

l)S.
The name of Silurian was first proposed by Sir Roderick Murchison

for a series of fossiliferous strata lying below the Old Red Sandstone, and

occupying that part of Wales and some contiguous counties of England
which once constituted the. kingdom of the Silures, a tribe of ancient
Britons. The following table will explain the various formations into
which this group of ancient strata may be subdivided.
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UPPER SILURIAN ROCKS.
Thick

Prevailing Llthological ness In
characters. FeeL

I. Ludlow
formation.

2. Wenlock.
formation.




fa. Tilc.tonC3.-1
Finely lamina-
ted reddish and

r
800!

Upper
green micaCCOUS
sandstones.

Ludlow.
b. Micaccous gray

1I sandstone and
( mudstone.

Aymestry Argillaceous lime2000
limestone. stone.

( Shale, with concre-
tions of lime-
stone.

C Concretionary andWenlock thick-bedded I
limestone. limestone. Above

( Argillaceous shale, 2000
\Tenlock ( frequently flag-ehaic.

j( stone.

MIDDLE SILURIAN ROCKS.

Caracloc ( Caradoc I stone, sandstone,
(Shale, shelly lime-'




2000formation. sandstones. 1 and conglome
I rate.

LOWER SILURIAN ROCKS.

(Dark colored cal-
Liandeilo ( Liandeilo I careous flags; 1,,. 20,000formation. flags. 1 slates and saud-

stones.

UPPER SILURIAN ROCKS.




Organic remains.

Marine moihisca of
almost every or
der, the Brachio-
poda most
abun-dant.Serpulites,
Crustaceans of
the Trilobite fa
mily. Placoid
fish (oldest re
mains of fish yet
known). Sea
weeds; and in
the uppermost
strata land plants.

Marine Mollusca of
various orders as
before. Crinoidea

I and corals plenti
I fuL Trilobites,

J Graptolites.

Crinoidea, Corals,
Mollusca, chiefly

. Brachiopoda.
I (The genusPenta

nierus abundant.)

(Mollusea, Trilo
bites, Cystidete,

1 Crinoids, Corals,
I.. Graptolites.

Ludlow formation.-This member of the Upper Silurian group, as
will be seen by the above table, is of great thickness, and subdivided
into three parts,-the Uppo and the Lower Ludlow, and the intervening
Aymestry limestone. Each of these may be distinguished near the town
of Ludlow, and at other places in Shropshire and Herefordshire by pe
culiar organic remains.

1. Upper Ludlow, a. Tilcstones.-_This uppermost subdivision, called
the Tzlestone8, was originally classed by Sir R. Murchison with the Old
Red Sandstone, because they decompose into a red soil throughout time
Silurian region. They were regarded as a transition group forming a
passage from Silurian to Old Red; but it is now ascertained that the
fossils agree in great part specifically, and in general character entirely,
with those of the underlying Silurian strata. Among these are Ortlio-
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ceras bullatum, Trockus? lielicites, Belleroplion trilobatus, Ulwnctes Zata,

&c., with numerous defences of fishes. These beds are well seen at King
ton in Herefordshire, and at Downton Castle near Ludlow, where they
are quarried for building.

b. Gray Sandstone, &c.-The next subdivision of the Upper Ludlow

consists of gray calcareous sandstone, or very commonly a micaceOus

stone, decomposing into soft mud, and contains, besides the shells just

quoted, the Lingula cornea, which is common to it and the Tilestone beds.

The Orthis orbiculauis, a round variety of 0. elegantula, is characteristic

of the Upper Ludlow; and the lowest or mudstone beds are loaded for a

thickness of 30 feet with .Atliyris navicula (fig. 568). As usual in strata

of the Primary periods, the brachiopodous mollusca predominate over the

Fig. 501'.

OrM(s ciegan(uta Daim. Var. orbicularla,
J. Sow. Delbury.
Upper Ludlow.




Fig. &63.

AMyria (Terebs.auZa) navicuZa J. Sow.
Aymestry limestone; also in
Upper and Lower Ludlow.

lainellibranchiate; but the latter are by no means unrepresented. Among
other genera, for example, we observe Avicula (or Fterinca), Gardiola,
.2'Tucula, San,quinolites, and .Mbdiola.
Some of the Upper Ludlow sandstones are ripple-marked, thus afford

ing evidence of gradual deposition; and the same may be said of the ac

companying fine argillaceous shales which are of great thickness, and have
been provincially named "mudstones." In some of these shales stems of
crinoidea are found in an erect position, having evidently become fossil on
the spots where they grew at the bottom of the sea. The facility with
which these rocks, when exposed to the weather, are resolved into mud,

proves that, notwithstanding their antiquity, they are nearly in the state
in which they were first thrown down.
The bone-bed of the Upper Ludlow deserves especial notice as affording

the oldest well-authenticated example of the fossil remains of fish, it

usually consists of a single thin layer of brown bony fragments near the

junction of the Old Red Sandstone and the Ludlow rocks, and was first
observed by Sir R. Murchison, near the town of Ludlow, where it is three
or four inches thick. It has since been traced to a distance of 45 miles
from that point into Gloucestershire and other counties, and is commonly
not more than an inch thick. At May Hill two bone-beds were observed,
with 14 feet of intervening strata full of Upper Ludlow fossils. At that
point immediately above the upper fish-bed numerous globular bodies
were found, which were determined by Dr. Hooker to be the spores of a
cry)togamic laud-plant, probably Lycopod inceous. These beds occur just

* MurcIIiaon'8 Siluria, pp. 137-237.
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beneath the lowest strata of the "Old Red." Some of the fish are of the

shark family, and their defences arc referred to the genus Onchus (fig.

569). There are also numerous minute shagreen scales (fig. 570), which

FIg. 569. Fig. 570.

:




qgk_._900

OnciLus tefl2liefrlat ti8 Agas. Shagreen scales of a placoid flh
Bone-bed. Upper Silurian; Ludlow. (Thelodus).

Bone-bed. Upper Ludlow.

may possibly belong to the same placoid fish. The jaw. and teeth of
another predaceous genus (fig. s7].) have also Fig. 571.
been detected. As usual in bone-beds, the

teeth and bones are, for the most part, frag
mentary and rolled. Many statements have Plectrodu8 Infrabills1 Agass.
been published of fish remains obtained from Bone-bed. Upper Ludlow.

older members of the silurian series; but Mr. Salter has shown all
these to be spurious.* Professor Phillips has, however, discovered fish
bones at the bottom of the "Upper Ludlow," at its junction with the

Aymestry Rock ;f and lower than this no one seems as yet to have suc
ceeded in tracing them downwards, whether in Europe or North America,
for N. Barrande's most ancient ichthyolites (bony fragments, 8 inches

long) occur in the Upper Silurian of Bohemia; and those of the American

Geologists are from the Oriskany Sandstone, a formation which is still
considered as debatable ground between the Devonian and Silurian sys
tems (see p. 426, above).
In England it is true, as in the United States and Canada, globular,

cylindrical, or flattened masses have been detected, composed principally
of phosphate of lime, in the Lowest Silurian rocks, and they have been
suspected to be coprohtic. Messrs. Logan and Hunt have recently shown
that shells of the genera Linqula and Orbiculci, which occur abundantly
in the same formations, are also made up of phosphate and carbonate of
lime, mixed in the like proportions; and it has been suggested that the
decomposition of such shells might give rise to the nodules alluded to,
which may owe their form to concretionary act.ion.t Even if the oologist
should think it more likely that the phosphatic matter was rejected in
fcal lumps, by creatures feeding on Lingula3 and Orbiculie, we cannot
decide that such feeders were of the vertebrate class, rather than.
Cepha-lopods,Crustaceans, or some other of the Invertc'brata. In regard to the
doctrine of the supposed non-existence of fish in the Silurian seas before
the time of the Ludlow bone-bed, I shall consider that question fully in
the concluding pages of this chapter, p. 453, et seq.

* GeoL Quart. Journ. vol. vii p. 203.
+ Memojia GeoL Sum vol. ii.

Logan and Runt; Silhjmn!,'B Journ. No. o, 2d series, March, 1864.
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2. .A!,mestry limestone.-The next group is a subcrystalliue and

argillaceous limestone, which is in some places 50 feet thick, and dia..

tinguished around Aymestry by the abundance of Fentamcrus Knighth,
Sow. (fig. 572), also found in the Lower Ludlow. This genus of brachi-

Fig. bTiJ.

Pn(amru8 Rniglstli, Sow. Ayrnestry. ilcilt nat. size.
a. View of both valves unite&L
b. Longitudinal section through both valves, showing the central plates ' septa.

opoda was first found in Silurian strata, and is exclusively a paleozok
form. The name was derived from 'IrEvcs, pcnle, five, and mero;
a part., because both valves are divided by a central septum, making four
chambers, and in one valve the septum itself contains a small chamber.

making five. The size of these septa is enormous compared with those
of any other brachiopod shell; and they must nearly have divided the
animal into two equal halves; but they are, nevertheless, of the same
nature as the septa or plates which are found in the interior of Spirifer,
Terebratula, and many other shells of this order. Messrs. Murchison

- and Do Verneull discovered this species dispersed in
Fig.

myriads through a white limestone of Upper Silurian

age, on the banks of the Is, on the eastern flank of
the Urals in Russia, and a similar species is frequent

(

in Sweden.
"' Three oilier abundant shells in the Avmestrv limc-

LIi.guhr J.ewl8il,
J. Sow.

Abberloy Hills.




stone are, 1st, Linpula Lcwisii (fig. 5'13); 2d.

.Rkynclzonclla Wilsoni, Sow. (fig. 574), which is also
common to the Lower Ludlow and Weniock lime
stone ; 3d, Air!/pa reticularis, Lin. (fig. 575), which
has a very wide range, being found in every part of
the Silurian system, even in the upper portion of the
Liandeilo flags.

Fig. 5T4.




RIP
Rhi,nclio,cella (TcrebraCtthz) Wil.con1, Sow. Aymetry.

2S
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Fig. 575.

&

..its'3,pa reticularis, Llnn. (Terelira(uZa aJ/inie, Mm. Con.) Aymestry.
a. Upper valve. ii. Lower valve.
c. Anterior margin of the valves.

The Ayniestry Limestone contains so many shells, corals, and trilobites

agreeing specifically with those of the subjacent Wenlock limestone, that

it is scarcely distinguishable from it by its fossils alone. Nevertheless,

many of the organic remains are common to
Fig. the Aymestry limestone and the Upper Lud-

low, and several of these are not found in the
rW enlock.*
3. Lower Ludlow slucle.-This mass is a

III




duk gtay aigillaceous deposit, containing,

among other fossils, many large chambered
shells of genera scarcely known in newer

: . rocks, as the P1 agnocercis of Biodei ip, and
the Litui(cs of Breyn (see lbs. 576, 577).

'atter is partly straight and partly con-he 1.

voluted, nearly as in Spirula.
The Ort/zoceras Ludensa (fig,. 578), as

Aymestry; nat. size, well as the cephalopod last mentioned, is

peculiar to this member of the series.

Fig. 578.

LituifC4 c7lganteu8, 3. Sow. Fragment of Ortlioceras Ltule'zae1 3.
BOW-HearLudlow ' also In the Aymestry Lcintwnrtllne, Shropshire.and WIok limestones; ( size.

A Species of Graptohite, G. Luden.iis, Murch. (fig. 588, p. 437), a form
of zoophyte which has not yet been met with in strata above the Silurian,
xcurs plentifully in the Lower Ludlow.

* Murehison'a Silurlo, p. 138.

Fig. 577.
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Jvenloclformation.-Wc next come to the Wenlock formation, which

has been divided (see Table, p. 430) into the Wenlock limestone and the

Wenlock shale.
1. The Wenlock limestone, formerly well known to collectors by the

name of the Dudley limestone, forms a continuous ridge in Shropshire,

ranging for about 20 miles from S.W. to N. E., about a mile distant from

the nearly parallel escarpment of the Aymestry limestone. This ridgy

prominence is due to the solidity of the rock, and to the softness of the

shales above and below it. Near Weulock it consists of thick masses of

gray subcrystallinc limestone, replete with corals and encrinites. It is

essentially of a concretionary nature, and the concretions, termed "ball

stones" in Shropshire, are often enormous, even




Fig. 579.
80 feet in diameter. They are of pure
carbo-nateof lime, the surrounding rock being more

or less argillaceous.* Sometimes in the Mal

vern Hills this limestone, according to Proflssor

Phillips, i3 oolitic.

Among the corals in which this formation is

so rich, the "chain-coral," Halysites catenula

tus, or caknipora escitarokies (fig. 570), may
be pointed out as one very easily recognized,
and widely spread in Europe, ranging through
all parts of the Silurian group, from the

Aymestry limestone to near the bottom of the

series. Another coral, the 33'avosites Goth- Halyeitea caCenulaua, Inn. sp.
landica (fig. 580), is also met with in profusion

S'n. Jatenfpora e8charoid3,
Go1d. Upperand Lower Silurian.

in large hemispherical masses, which break up
into prismatic fragments, like that here figured (fig. 580). Another

common form in the Wenlock limestone is the Omphynia (fig. 581),
which, like many of its companions, reminds us of some modern cup
corals, but all the Silurian genera belong to the paleozoic type before men-

Fig. 5S0.

F11vo81k8 (2of1la,zdica, Lam. Dudley.
a. Portion oralarge mass; less than the

natural size.
is. ?Iagniflcil liortlon to 5110W the pOrt'Sand the pnrtftIuii In the tubes.




Omplayma tisrTsinatum, Linn. p.
(Cyaflwjiliyllurn, OWE)

Wenlock Lttnebtone, Shropshire.

Murchison's Sihiria, p. 116.




Pig. 581.
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tioneci (p. 403), exhibiting the quadripartite arrangement of the lamelke

within the cup.
Among the numerous Ciiuoicls, several peculiar species of C'yailwcrinus

(for genus, see figs. p. 405) contribute their calcareous stems, arms, and

cups towards the composition of the Wcnlock limestone. Of Cystideans

there are a few very remarkable forms, some of them peculiar to the

Upper Silurian formation, as for example the F$cudocri,z lies, which was

furnished with pinuated fixed arms, as represented in the annexed fig

ure (fig. 582).
The Brachiopoda are for the most ii o the same species as those of

the Ayiuestry limestone; as, for example, .ilirypa reilculuris (fig. 575,

p. 434), and Slroplzonzena depressa, Sow. sp. (fig. 583) ; but these species

range also through the Ludlow rocks, Wdulock shale, and Caradoc

Sandstone.




,Sfropho,nena (Leptwza) depre.aa, Sow.
Wcnlock and Ludlow Rocks.

PdeudocrinheR iIfaRciatuQ, rearce.
Wenlock limestone, Dudley.

The Crustaceans are represented almost exclusively by Trilobites, which
are very conspicuous. The Ualymenc Biumenbaclili, called the "

Dudley
Trilobite," was known to collectors long before its true place in the animal

kingdom was ascertained. It is often found coiled up like the common
On'iscus or wood-louse, and this is so common a circumstance among the
trilobites as to lead us to conclude that they must have habitually resorted
to this mode of protecting themselves when alarmed. Splewrexochus

Fig. 594.

Catymn6 IJlurnenbac1f1,
Brong.

Wentock, Ludlow, and
Aymc8try lllne5toncs.




Fig. 590.

Sphwrexoclt'Is ,nirllR, Boy
rich. Coiled up.

Dudley; also in Ohio,
Iii. America.

Phacop* cauda(uA, Brong.Wenhoek, Aymostry, and Ludlow Roek8.
E. Forbe8, Mern. Geol. Survey, vol. ii. p. 4l0.

Fig. 592.




Fig. 5S3.

Fig. 5S5.
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mirus (fig. 580) is almost a globe when rolled up, the fozehead of this

species being extremely inflated. The Homalonotus, a form of Trilobite

in which the tripartite division of the dorsal crust is Fig. 587.

this division of the Silurian series.
almost lost (see fig. 58'7), is very characteristic of

2. The TVenlocL Shale.-This, observes Sir R

Murchison? is infinitely the largest and most per
sistent member of the Weulock formation, for the

limestone often thins out and disappears. The shale,

like the Lower Ludlow, often contains elliptical con-




l
in

con

cretions, of impure earthy limestone. In the Malvern

district it is a mass of finely levigated argillaceous
matter, attaining, according to Prof. Phillips, a thick

ness of 640 feet., but it is sometimes more than 1000

feet thick in Wales. The prevailing fossils, besides

corals and trilobites, and some crinoids, are several

small species of Ortl4is, with other brachiopods and




Homalonofu deZlino
certain thin-shelled species of Orihoceratites. One c6p1u11U8, Konig. bntiiey

species of Grczptolite, a group of zoophytes before Castlo; nat. size

alluded to as being confined to Silurian Fl 5ss.

rocks, is very abundant in this shale, and

occurs more sparingly in "the Ludlow." ciaptozie1ius Luden8ie, Murcblson.
Of these fossils, which are more eharac- Ludlow and Wenlock Sbale3.

terist.ic of the Lower Silurian, I shall again speak in the sequel (p. 442).

MIDDLE StLURTAN ROCKS.

Caradoc Sandstone.-This sandstone, so named from a mountain called

Caer Caradoc, in Shropshire, was originally considered by Sir Roderick

Murchison as the sandy and upper portion of the Lower Silurian strata.

Subsequent investigations have led to the conclusion that the original c

typical Caradoc is divisible into two forniations,-the lower, an arenaceous

form of Llaiideilo flags, and containing identical species of fossils; the

other or superior sandstone, a series of strata resting unconformably on the

Liandeilo beds, and chiefly characterized by Upper Silurian fossils, yet

having sonic intermixture of species common to the "Lower Silurian."

Hence the Caradoc, as distinct from the Llanddilo, must either be classed

as the base of the Wenlock Shale, an opinion to which some authorities

incline,-or it may be regarded as a Middle Silurian group, an alternative

which I have embraced provisionally in common with many officers ot

our Government, Survey. Time larger part, therefore, of what was once

termed " the Caradoc" has merged into the Liandeilo, and is time equiva
lent of the upper and middle portions of that division.
The first step towards placing in a clearer light the relations of " the

Caradoc" to the strata above and below it, was made in 1848 by Professor

Siluria, p. lii.
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Ramsay and Mr. Avdine, who observed that in the Lougmynd Hills the

Caradoc sandstone rested unconfornmbly on the Lower Silurian, and that

the latter or "Liandeilo flags," together with some still older rocks, must

have constituted an island in the Caracloc sea. Professor E. Forbes at the

same time observed that the island was probably high and steep land

using from a deep sea, and that the Caradoc fossils, some of them of lit

toral aspect, as Littorina and Turritella, were deposited round the mar

gin of that ancient land. It was also remarked that while the sandstone

and conglomerate of this upper Caradoe* reposed unconformably on the

Liandeilo beds, it at the same time graduated upwards, as Sir R. Murehi

son had stated, into the Wenlock Shale.

Subsequently Professor Seclgwick and Mr. M'Coy, pursuing their inves-

tigations independently of the Survey in. North Wales, became convincedf
that the Caradoc beds of May Hill and the Malverus, constituting the

Upper Caradoc, already mentioned, were full of Upper Silur: an fossils;
and that the strata of Caradoc sandstone at iorderly and other places
east of Oaer Caradoc belonged to the Bala group (or equivalent of the
Liandeilo), being distinguished by Lower Silurian Species. This opinion
was finally substantiated by Mr. Salter and Mr. Aveline, in 1853, by an

appeal to parts of Shropshire where "the Caracloc" had been originally
studied by Sir R. Murchison, and where they found the Upper Caradoc
unconformable on the lower, and filled with a series of very distinct

fossils.t
In the restricted sense, therefore, in which it is now understood, the

Caradoc Sandstone comprises a series of beds of passage from the Lower
to the Upper Silurian group. It is everywhere characterized by species
of Pcntamerus and .Atrypa unknown in the overlying WTenlock or Lud
low beds, but which descend into the strata of the Liancleilo group. Pen
tame)-us kevis (fig. 589), and P. oblongus may be particularly mentioned

Fig. Mo.

L/
'\

4

Pen(ameru8 lccth1 Sow. Caradoc Santletone.
Perhaps the young of Pen(amerua oblongu,.Zs. Vie" ofthe 818011 itselç from figures in Mnrclilsons Sit. Sstdc.

Cast with portion orshell remaining, and with (he hollow of the central septum flllod with 8 sr.Internid castor a
NIt

IVO, the space once occupied by the septuni belug ropresonLed by ek 901*low In which is t of the chumber within the selitum.en a "as
" Quart. Geol. Jour,. i. p. 207. f Goal. Quart. Journ. 1852.

± Geol. Qtnt"t,. Jourzi. vol. x. p. 62.
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as brachiopods which abounded in Sihula, and had a very wide geo

graphical range, being met with in the same place in the Sihulan series

of Russia and the United States. Among
its fossils, too, Tentaculites annulatus (fig.

rIg. (9O.

pula, is exceedingly common. This also
(

..........
590), an annelid probably allied to Scr

is a link to connect it with the Lower

rather than the Upper Silurian. All the

Shelly sandstone of the Malvern and AbT
.utae,dik8 an,,ula(s:, ScidoL

berly Hills, of Tortworth in Gloucester- Interior casts in sandstone.

shire, and of the centre of the May Hill Eastnor Park; not. size and meg
nitted.

and Woolliopo districts belong to this

Middle Silurian, which in the Malvern range attains a thickness of 000

feet. Of the same age are dense masses of sandstone with shale, 2000

feet in thickness, in the higher and disturbed regions of North Wales, as

in the Berwyn Mountains for example. According to Professor Sedg
wick the hard quartzoso Coniston Grits of Westmoreland may also be

referred to the same period.

LOWER SILURIAN ROCKS.

Liandeilo Flags.-The Lower Silurian strata were originally divided

D Sir R. Murchison into an upper group, already described, and termed

the Caradoc Sandstone, and a lower one, called, from a town in Caer

martiienshire, the Lianddllo Flags. The strata last mentioned consist of

dark-colored micaceous flags, frequently calcareous, with a great thickness

of shales, generally black, below them. The same beds are also seen a

Builth in Radnorshire, and here they are interstratifled with volcanic

matter. Above these typical Llandeilo beds, however, the Lower Silurian

contains, both in North and South Wales, some strata in which the

Pentameri of the Middle Silurian, already alluded to (p. 438), are asso

ciated with species of fossils identical with those in the Liandeilo flags.
The corals of the calcareous zone of the Liandeilo belong to the genera

Jialysiles (see fig. 'i9), HelioWes, .Pctraia, Stenopora, Favosites (fig.

580), and others;* and there are peculiar Crinoids and Cystideans in the

same rocks. These last are amongst the most recent additions made by

)alcOr1tOlOgiStS to the .Radia(a. Their structure and relations were first

elucidated in an essay published by Von Buch at Berlin in 1845. They
are the Spha'roniks of old authors, and are ustmlly met with as spheroidal
bodies covered with polygonal plates, with a mouth on the upper side,
and a point of attachment for a stein (which is almost always broken off)

on the lower (fig. 591, b). They are considered by Profl.ssor E. Forbes
as intermediate between the crinoids and echinoderms. The Spluerouite
here represented (fig. 591) occurs in the Llandeilo beds in Wales,t as
also in Sweden and Russia.

Examples are not wanting, though very rare, of star-fish in the same
* Murchison's Silurin, p. 178.
f Quart. Geol. Journ. vol. vii. p. 11 ; and Mon. Geol. Surv. vol. ii. p. 518.



440 LOWER SILURIAN ROCKS.

beds. Brachiopod shells are in the greatest

abundance, chiefly of the genera On/us,

Lepkcna, and S1rop1uomen' (fig. 591). Of

the OH/tides, those species with broad simple

ribs (fig. 502) are particularly characteristic.

Such shells as i11r/pa and Spfrifer, so fre

quent in the Upper and Middle Silurian, are

rare or confined to the superior part of the

Lower. Silurian, while G7ioncles and Procluc

ties are wholly absent. It is remarkable,

however, that Rhyncluonella and Lingula,

genera of which there are living represeiita
lives in the present seas, were common in

the Silurian ocean.

Fig. 509.

OrULis Iritrenari(z,
"I'll.

New York. CAnSIII.
nat. size.




Rig. 503.
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Fig. 591.

On IL 1. rpcrtilio, Sow. S1rop1Lom.na (Orlliis) grandis, Sowerby.
Shropshire; N. and S. flat. Size.

\Vaks. Itorderly, Shrnpsliire; also Conlston,
nut. size. LancnhIro.

Among the Cephalopoda are Ont1eocera1ite, with the siphuncle of
large dimensions and placed on one side; also Lituites (see fig. 577),
licilerophon (see p. 407), and some of the floating tribes of mollusca
(Pteropods). The Crustaceans were plentifully represented by the Trilo
bites, which appear to have swarmed in the Silurian seas just as crabs
and. shrimps (10 in our own. The genera ilsapluus (fig. sOs), Ogygia
(fig. 596), and. Tninucicus (figs. 597 and 598) are especially characteristic

A8aphus tyrunnue March.
Llanddllo; Blhop's Castle, &.




Og!/gla .Th:c1sl1 flurm. (ii8aphusb'ueltIl, Brolign.)
flulitli, Riubiorsliire; Lliiilflo, Caerinarthonslilre.

/1
Ec1e1noap1urrite. 1,auicu,q, Etch-

wall, (Of tho flimily cys-
tit1v.)
ti. 'Month.
ii. Point of ntthchinont of stem.

Lower Silurian, S. and N. Wales.

Fig. 595.




Fig. 504.

Fig. 596.
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of strata of this age, if not entirely confined to them; but very numerous

other genera accompany these. Burmeister, in his work on the organi
zation of trilobites, supposes them to have swum at the surface of the

water in the open sea and near coasts, feeding on smaller marine animals,

and to have had the power of rolling themselves into a ball as a defence

against injury. He was also of opinion that they underwent various

transformations analogous to those of living crustaceans. M. Barrando,

author of an admirable work on the Silurian rocks of Bohemia, confirms

the doctrine of their metamorphosis, having traced more than twenty

species through different stages of growth from the young state just after

its escape from the egg to the adult form. He has followed some of them

from a point in which they show no eyes, no joints to the body, and no

distinct tai], up to the complete form with the full number of segments.
This change is brought about before the animal has attained a tenth part
of its full dimensions, and hence such minute and delicate specimens are

rarely met with. Some of his figures of the metamorphoses of the com
mon Trinucicus are copied in the annexed wood-cuts (figs. 507, 508).

Pig. 5!S.

Fig. 597.
C. U

I?RN

Young lndhiiunls or Trtnitckue con0
(7. ornutu8, Barr.)

a. Youngest stale. Natural size and
niagniflc'd; the body rings not at all
developed.

1'. A little older. One thorax joint.
c. Still more advanced. Three thorax

joints. Thu fourth, fifth, and sixth
segments are successively produced,
probably each time the animal moult
cd Its Crust.

A still lower part of the Llandeilo or Bala rocks consists of a black
carbonaceous slate of great thickness, frequently containing sulphate of
alumina and sometimes, as in Dumfriesshire, beds of anthracite. It has
been conjectured that this carbonaceous matter may be duo in great
measure to large quantities of imbedded animal remains, for the number
of Graptolites included in these slates was certainly very great. I col
lected these same bodies in great numbers in Sweden and Norway in
1835-0, both in the higher and lower graptolitie slabs of the Silurian

system; and was informed by Dr. Beck of Copenhagen, that they were
fossil zoophytes related to the Viryulari and Pcnnu(ula, genera of which
the living species now inhabit mud and slimy se(lundnt. The most emi
nent, naturalists still hold to this opinion.




2'rinucleus concen tricus, Eaton.
Syn. T caractaci, Murch.

N. Ireland; Wales: Shropshire; N. America;
Bohemia.
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Fig. 599.




o.

.Djdy;,1ograP8U8t7e?1t11us, flLlnger, Bp.

a, b. .DidyrnograPSlt8 ((raploU(cs) Mur
C/i160fl ii, Beck.

Llnndeiio Flogs. Wales

Fig. 6011.




Fig. 602.




Fig. 603.

Diplo(,rapnuRIolium
lllsinger.

Scotland; Sweden.




i.)iplo7rap8u8 pristia,
llisingor, 8p.

Shropshro; Wales; Swedon,

Beneath the black slates above described no graptolites appear as yet
to have been found, but the characteristic shells and trilobites of the

Lower Silurian rocks are still traceable downwards, in North and South

'"Tales, through a vast depth of shaly beds, inter-stratified with trappean
formations, sometimes not less in their aggregate thickness than 11,000

feet.. Hence the total thickness of the beds assigned to the Lower Si

lurian, or the Lkndeilo group of Murcliison, is not less than 20,000 feet,

and the Upper Silurian rocks are above 5000 feet in addition. If these

beds were all exclusively of sedimentary origin we might well expect,
from the analogy of other parts of the earth's crust, to find that they
must be referred palcontologically to more than one era; in other words,
that changes in animal and vegetable life, as great as those which oc
curred in the course of several such periods as the Devonian, Carbonifer
ous, and Permian, would be found to have taken place while the accumu-
lation of so enormous a pile of rocks was effected. But in volcanic
archi-pelagoes,as in the Canaries for example, we see the most active of all
known causes, aqueous and igneous, simultaneously at work to produce
great results in a coinuaratively moderate lapse of time. The outpour
ing of repeated streams of lam-the showering down upon land and
sea of volcanic ashes,-the sweeping seaward of loose sand and cinders,
or of rocks ground down. to pebbles and sand, by torrents descending
steeply inclined clmnnels,-the undermining and eating away of long
lines of sea-cliff exposed to the swell of a deep and open ocean,-abovo
all, the injection, both above and below the sea-level, of sheets of melted
matter between the lavas previously formed at the surface,-these op
erations may combine to produce a considerable volume of superimposed
matter, without there being time for any extensive change of species.

.Ra8triteSperegrin US, Barrande.
Scotland; Bolem1n; Simony.
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Nevertheless, there would seem to be a limit to the thickness of stony
masses formed even under such favorable circumstances, for the analogy
of tertiary volcanic regions lends no countenance to the notion that sed

imentary and igneous rocks 25,000, much less 45,000 feet thick, like

those of Wales, could originate while one and the same fauna should

continue to people the earth. If, then, we allow that 25,000 feet of

matter may be ascribed to one system, such as the Silurian, from the top
of "the Ludlow" to the base of "the Llandeilo" inclusive, we may be

prepared to find in the next series of subjacent rocks, the commencement

of another assemblage of species, or even in part of genera, of organic
remains. Such appears to be the fact., and I shall therefore conclude

with the Liandeilo beds, the original base-line of Sir R. Murchison, my
account of the Silurian formations in Great Britain, and proceed to say

something of their foreign equivalents, before treating of rocks older than

the Silurian.
It would lead me into too long a digression to attempt to follow the

Upper, Middle, and Lower Silurian into Scotland, the lake country,
Cornwall, and other parts of the British Isles. For au account of these

rocks in Ireland, the render is referred to Col. Portiock's Report on Ty
rone, to the writings of Mr. Griffith and. Prof. M'Coy, and those of the

officers of the Government Survey, as well as to the sketch recently given

by Sir R. I. Murchison.
When we turn to the Continent of Europe, we discover the same

ancient series occupying a wide area, but in no region as yet has it been

observed to attain great thickness. Thus, in Norway and Sweden, the

total thickness of strata of Silurian age, is scarcely equal to 1000 feet?

although the representatives both of the Upper and Lower Silurian of

England are not wanting there, and even some beds of schist have been

comprehended which, as we shall hereafter see, lie below the Llandeilo

group. In Russia the Silurian strata, so far as they are yet known, seem
to be even of smaller vertical dimensions than in Scandinavia, and they
appear to consist chiefly of Middle and Lower Silurian, or of a lime
stone containing Pentanierus oblongus, below which are strata with fossils

corresponding to those of the Liandeilo beds of England. The lowest
rock with organic remains yet discovered, is "the Ungulite, or Obolus

grit" of St. Petersburg, probably coeval with the Llaudeilo, and not ex

hibiting any of those peculiar forms which distinguish "the Liugula flags"
of Wales, or the Bohemian "primordial fauna" of Barraude.
The slinks and grits near St. Petersburg, above alluded to, contain

green grains in their sandy layers, and are in a singularly unaltered state,

taking into account their high antiquity. The prevailing brachiopods
consist of the Obolus or Ungailite of Pander, and a Siplionolctra (see
figs. 604, 005). As bearing on the antiquity of this 1nuation, it is in
teresting to notice that both genera have recently been found in our own
Dudley limestone.




* MureInsoII'8 Siluiiu, p. 321.
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,g1ello qf the Iozce8t knownFoesii/erOil8 cc1 in Ru881a.
Fig. 005.

Slpltono(rda iinu?zlata, Eloliwald.
rrum the ]oweL Silurlan Sandstone, "Obolus

grlL" of Petersburg.
a. Outsido o( perforated valve.
b. Interior o(snrne, showlug the termination of

the foremen within.




Obolus Apollin is, Eichwatd.
From the amo locality.

a. Interior or tho larger or ventral valve.
b. Exterior of the upper (dornl) valve.

(Davidson.)

Among the green grains of the sandy strata above mentioned, Pro

fessor Ehrenberg has recently (1854) announced his discovery of remains

of foraminifera. These are casts of the cells; and amongst five or six

forms, three are considered by him as referable to existing genera (e. g.,

Textularia, .Rotalia, and Gu ttulina).

SILURIAN STRATA OF TILE UNITED STATES.

The position of some of these strata, where they are bent. and highly

inclined in the Appalachian chain, or where they are nearly horizontal to

the west of that chain, is shown in the section, fig. 505, p. 288. But these'

formations can be studied still more advantageously north of the same

line of section, in the States of New York, Ohio, and other regions north

and south of the great Canadian lakes. Here they are found, as in Russia,

nearly in horizontal position, and are more :rich in well-preserved fossils
than in almost any spot in Europe. In the State ofNew York, where the
succession of the beds and their fossils have been most carefully worked
out by the Government Surveyors, the subdivisions given in the first
column of the annexed list have been adopted.
Subdivisions of the Silurian Strata of New York. (Strata below the

Oriskany Sandstone, see Table, p. 426.)
New York Names. Brltbh Equivalents.

1. Upper Pentamerus Limestone
2. Encrinnl Limestone
3. Doithyris Slimly Limestone
4. Pentamerus Limestone Upper Silurian (or Ludlow and
5. Tentacullte Limestone Wenlock formations).
6. Onontluga Salt-group1. Niagara Group8. Clinton Group
9. Mecuina Sandstone Middle Silurian (or Caradoc Sand

10. Oneida Conglomerate stone).11. Gray Sandstone
12. Hwlson River Group13. Utica Slate
14. Trenton Limestone
15. Black-River Limestone Lower Silurian (or Liandeilo beds).16. Bir1'a.Ev, Limestone
Vi. Chazy Limestone.
18. Calciferous Sandstone .1

Cambrian? (or Lingula flags and19. Potsdain Sandsthno
beds, older than "the Llandeilo.")

Iii the second Column of the same table I have added the supposedBritish equivalents. All
Paleontologists, European and American, Such
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as MM. do Verneuil, D. Sharp, Prof. Hall, and others, who have entered

upon this comparison, admit that there is a marked general correspond

ence in the succession of fossil forms, and even species, as we trace the

organic remains downwards from the highest to the lowest beds; but it is

impossible to parallel each minor subdivision. In regard to the three fol

lowing points there is little difference of opinion.
1st. That the Niagara Limestone, No. 7, over which the river of that

name is precipitated at the great cataract., together with its underlying

shales, corresponds to the Weulock limestone and shale of England.

Among the species common to this formation in America and Europe are

(Jalymene, Blumcnbackii, Hornalonotus deiphinocepiLalus (fig. s87), with

several oilier trilobites; Rhync1zoncll Wiisoni, and B. cuneata; Orths

elegantula, Pentamerus gaicatus, with many more brachiopods; Or!ho

ceras annulcdum, among the cephalopodous shells; and FUVOSUCS gotit

landica, with other large corals.

2d. That the Clinton Group, No. 8, containing Pentanzerus oblongus
and P. lawis, and related more nearly by its fossil species with the beds

above than with those below, is the equivalent of the Middle Silurian as

above defined, p. 437.

3d. That the Hudson River Group, No. 12, and the Trenton Lime

stone, No. 14, agree paleontologically with the Liandeilo flags, containing
in common with them several species of trilobites, such as .Asapltus (Iso
telus) gigas, Trinucicus concentricus (fig. 598, p. 441); and various

shells, such as Orihis stricitula, Orthis bforata (or 0. lynx), 0. porcata

(0. occidentalis of Hall), Belleropliom bilobatu3, &c.*

Mr. D. Sharpe, in his report on the mollusca collected by me from

these strata in North America,f has concluded that the number of species
common to the Silurian rocks on both sides of the Atlantic is-between 30

and 40 per cent.; a result which, although no doubt liable to future

modification, when a larger comparison shall have been made, proves
nevertheless that many of the species had a wide geographical range.
It seems that comparatively few of the gasteropods and lamellibranchiate
bivalves of North America can be identified specifically with European
fossils, while no less than two-fifths of the brachiopoda, of which my col
lection chiefly consisted, are the same. In explanation of these facts, it is

suggested that most of the recent brachiopoda (especially the orthidiform
ones) are inhabitants of deep water, and that they may have had a wider

geographical range than shells living near shore. The predominance of
bivalve mollusca of this peculiar class has caused the Silurian period to be
sometimes styled "the age of brachiopods."
The calcareous beds, Nos. 15, 10, 17, and 18, below the Trenton Lime

stone, have been considered by M. do Vcrneuil as Lower Silurian, because

they contain certain species, such as Asapltus (Isotelus) gigas, flicenus
crassicauda, and Orthoccras bilhuzeatum, in common with the overlying
Trenton Limestone.t But, according to Professor Hall, the Illci'nus was

* See Murcliison's Siluria, p. 414. f Quart. Geol. Journ. vol. iv.
Soc. Géol. France, Bulletin, vol. iv. p. 651, 18-17.
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erroneously identified, an error to which he confesses that ho himself con

tributed; and on the whole these lower beds contain, he thinks, a very

distinct set of species, only three or four of them out, of eighty-three

passing upwards into the incumbent formations.*

Be this as it may, the Black River Limestone, No. 15, contains certain

forms of Oriltoceras of enormous size (some or them 8 or 9 feet long!),

of the subgenera, Ormoceras and Endoceras, seeming to represent the

Lower Silurian or Orthoceras limestone of Sweden. Moreover, the gen

eral fades of the fauna of all these beds is essentially similar. Another

ground for extending our comparison of the Liandeilo beds of Europe as

far down as the calciferous sandstone is derived from the researches of

Mr. Logan in Canada, and the study by Mr. Salter of the fossils collected

by the Canadian Surveyor near the S. E. end of the Ottawa River, where

one mass of limestone incloses species common to all the beds from the

-Calciferous Sandstone (No. 18) up to the Trenton Limestone (No. 14).
In this rock, the .ilsapltus çjigas and other well-known Trenton species are

blended with the Maclurca (a left-handed Eaomplialus, fig. 606), a genus

FosiZs.f,os,i Allurnette Rapids, Rives' Ottawa, Cinada.
a Fig. COG.




I,

.3!aclur
a. View of the shelL




--ca

a Loqani, Salter.
1'. Its curious operonlum.

characteristic of the Chazy Limestone, or No. 17; r-1.,% 601.
and Murcitisonia gracilis (fig. 607) is another
Trenton Limestone species found in the same Silu
rian limestone of Canada ;f while one of the most

phalus) 2iniaflqulajj, Hall, a species
character-isticin New York of the Calciferous Sandstone
itself. .turcMo'on (a ç,lraciii8, Hall.

A fossil characturistlo of theIn Canada, as in the State of New York, the Trenton Limestone. The
gonna is conunon in LowerPotsdani Sandstone underlies the above-mentioned Sliurlan rocks.calcareous rocks, but contains a different suite of

fossils, as will be hereafter explained. In parts of the globe still more
remote from Europe the Silurian strata have also been recognized, as in
South America, Australia, and recently by Captain Strachey in India.In all these regions the fades of the fauna, or the types of organic life,
enable us to recognize the contemporaneous origin of the rocks; but thefossil species are distinct, showing that the old notion of a universal diffusion throughout the it

primcval seas" of one uniform specific fauna was
* Flail; Forster and Whitney's Report on Lake Superior, Pt. II. 1861.f Logan, Report Brit. Assoc. Ipswich, pp. 59, 63.
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quite unfounded, geographical provinces having evidently existed in the

oldest as in the most modern times.*
Whether the Silurian. rocks are of deep-water origjn.-Thc grounds

relied upon by Professor E. Forbes for inferring that the larger part of the

Silurian Fauna is indicative of a sea more than lO fathoms deep, are the

following: first, the small size of the greater number of conchifera;

secondly, the paucity of pectinibrancliiata (or spiral univalves) ; thirdly,
the great number of floaters, such as ].3ellerophzon, Ortlwceras, &c.;

fourthly, the abundance of orthidiform brachiopoda; fifthly, the absence

or great rarity, of fossil fish.
It is doubtless true that some living Terebratulw on the coast of Aus

tralia, inhabit shallow water; but all the known species, allied in form to

the extinct Orthis, inhabit the depths of the sea. It should also be re

marked that Mr. Forbes, in advocating these views, was well aware of the

existence of shores, bounding the Silurian sea in Shropshire, and of the

occurrence of littoral species of this early date in the northern hemisphere.
Such facts are not inconsistent with his theory; for he has shown, in

another work, how, on the coast of Lycia, deep-sea strata are at present

forming in the Mediterranean, in the vicinity of high and steep laud.
Had we discovered the ancient delta of some large Silurian river, we

should doubtless have known more of the shallow-water, brackish-water,
and fluviatile animals, and of the terrestrial flora of the period under con
sideration. To assume that there were no such deltas in the Silurian
world, would be almost as gratuitous an hypothesis, as for the inhabitants
of the coral islands of the Pacific to indulge in a similar generalization
respecting the actual condition of the globe.

CAMBRIAN GROUP.

Upper Cambrian.-We have next to consider the fossiliferous strata
that occupy ft lower position than the "Linudeilo beds," which last form,
as we have seen, the Lower division of the great Silurian series, as origi
nally defined by Sir II. Murchison. In the Appendix to his important
work before cited,f Sir Roderick has given, on the authority of Mr. Salter,
a list of no less than 96 species of fossils (of which specimens have been
examined either by himself or Professor McCoy), all common to the

Upper and Lower Silurian strata, or, in other words, which, being found
either in the Ludlow or Wenloek beds, are also met with in the Llandeilo
formation. The range upwards of so ninny species from the inferior to
the superior group shows that, independently of the link supplied by the
Caradoc or Middle Silurian, there is such a connection between the two

principal divisions, as makes it natural to assign the whole to one great
period. To attempt, therefore, to give a new name to the Llandeilo beds,
or to call them Cambrian, as has been recently proposed by some geol
ogists, would be to act in violation of the ordinary rules of classiflea-

E. Forbe, Anniv. Adlrt89, 1854, Quart. Journ. Geol. Soc. voLx. p. 88.
f Siluria, p. 485.
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tion, and would create much confusion, by disturbing a nomenclature

long received and originally established on well-defined paleontological

data.
In Shropshire, the classical region, where the typo of the Silurian

group was first made out by Murchison, the formations subjacent to

the Linudeilo consisted of quartzose rocks, sterile of fossils, or yielding

little more than some obscure fucoids. In North Wales, Professor Sedg-

wick found below the Bala Limestone, long since recognized as the

equivalent of the Liandeilo flags, a vast thickness of sedimentary and

volcanic rocks, the ]ithological characters and physical features of which

he studied assiduously for years, dividing them into well-marked forma

tions, to which ho affixed names. Collectively they constituted the chief

part of the rocks called by him "Cambrian." They were devoid of lime

stone; but in a group of micaceous sandstones Mr. B. Davis discovered

in 1846 the Lingula named after him, and from which the name of

"Lingula flags" has since been derived. In these flags, about 1500 or

2000 feet in thickness, several other fossils were afterwards found, of dif

ferent species from those in the Liandeilo beds. Amongst them, trilo
bites, Agnostus and Gonoceplialus (for genus, see fig. 614), and some rare

Brachiopoda and Bryozoa, still unpublished by our Government survey
ors, have been detected, and in the inferior black slates of North Wales a
trilobite called Paradoxklcs (for genus, see fig. 613), a form still more
characteristic of this era, together with another of the genus Oknus (fig.
610), and a phyhlopod crustacean (fig. 608).

F088i18 of(he "Linula. Flags," or lowest FouIU/erou8 Rock-8 0/Britain.
Fig. 608. Fig. 609. Fig. 610.

at1I

ifyinenocaris vermicawla, L1nuhs Da visil, M'Coy. Menus in icrurus,Salter, a, A natural size. Salter.A Phyilopod Crustacean. b. Ui5tortcd by cleavage. ? not sizo.nat. size.




"Lthgula Flags" of Dolgefly, and FkstIn1g; N. Wales.
I have before observed, that between the Bala Limestone and the

Lingula Flags there is a thickness of 11,000 feet of strata, iii which
Graptolites and certain species of AsapiLus, 1aiymene, and Ogygiaoccur. These may be referred at present to the Silurian series, but
the exact limits between them and the LingiLla Flags cannot yet be
assigned.
We might have anticipated, as already remarked, p. 442, that, whenever a fossil Fauna w discovered in the Cambrian strata, it would befound to consist of distinct species, and even, to a large extent, of distinct

genera; for,
although geological periods are of very unequal value in

regard to the lapse of time (see p. 103), and our lines of separation may
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often be somewhat arbitrary, yet in no part of the world have we
hitherto examined "a succession of rocks having so great a thickness as
45,000 feet, even where they are made up m part of volcanic materials,

which have been referred to one period as being characterized by one and

the same fauna.
The first formation mentioned by Prof. Sedgwick, beneath the Bala

Limestone (and its associated beds of sandstone) in N. Wales, are certain

beds, 7000 feet thick, called the Arcuig slates and porphyry. Under

them he finds the Tremadoc Slates, 1000 feet thick, and next the Lingula

Flags, already described, 1500 feet or more, which, in accordance with

.Views first put forward by Mr.. Salter, I have referred provisionally to an

Upper Cambrian group.
Lower Cambrian.-To the Lingula Flags last enumerated, another

series, called by Prof. Scdgwick the Bangor Group, succeeds in the de

scending order, comprising, first, the ilarlech Grits, 500 feet thick, and
next the Lianberis Slates, 1000 feet. These formations have as yet proved
barren of organic remains in N. Wales; but in Ireland, immediately
opposite Anglesea and Caernarvon, rocks of the same mineral character
as the Bangor Group, and occupymg precisely the same place in the

geological series, have afforded two species of zoophytes, to which Pro
fessor Forbes has given the name of Oldhamia (figs. 611 and 612). The

position of these rocks has been decided by the Government Surveyors,

The most Ancidne FosaiL 'jet known (1851).

Fig. 611.




Olditamia antiqua, Forbes.
'Wick ow,01A(Imi(t,antiYrour,

and confirmed by Sir R. Murchison, so that hero we behold the relics of
the most ancient organic bodies yet known. Wo are of course unable at
preseut to determine whether they belong to the same fauna as the fossils
of. the "Lingula Flags," or to an older one. The beds containing them
may provisionally be called Lower Cambrian, for it will always happen
that our inquiries will terminate downwards in rocks affording very im
perfect materials for classification. This will continue to be the case,
however many steps we may make in future in penetrating into the re
moter annals of the past.
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Fig. 61!.

Oldhania radlata, Forbes.
Wicklow, Ireland.
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One of the so-called "primordial" Trilobites of the genus Sao, a form
not found as yet elsewhere in the world, has afforded M. Barrando a fine
illustration of the metamorphosis of these creatures; for be has ti-aced
them through no less than twenty stages of their development. A few
of these changes have been selected for representation in the accompany
ing figures, that the reader may learn the gradual manner in which differ
ent segments of the body and the eyes make their appearance. When
we reflect on the altered and crystalline condition usually belonging to
rocks of this age, and how devoid of life they are for the most part in
North Wales, Ireland, and Shropsbire, the information respecting such
minute details of the Natural History f these crustaceans, as is supplied
by the Bohemian strata, may well excite our astonishment, and may rea
sonably lead us to indulge a hope that geologists may one day gain an
insight into the condition of the planet and its inhabitants at eras long
antecedent to the Cambrian; for those parts of the globe which have
been subjected to a scrutiny as rigorous as North Wales and Bohemia.
are insignificant spots, and we are every (lay discovering new areas, es
pecially in the United States and Canada, where beds as old as the
primordial scliists," Qr older, may be studied.
Sweden and ..1Vorway.-Tho Lingula Flags of North Wales, and the

"primordial schists" of Bohemia, are represented in Sweden by strain,
the fossils of which have been described by an able naturalist, M. An

gehin, in his "Pakeontologica Suecica (1852-4)." The "alum schists,"
as they are called in Sweden, resting on a fucoid-sandstone, contain
trilobites belonging to the genera Paradoxides, Olenus, .Agnostu.s, and
others, some of which present rudimentary forms, like the genus last
mentioned, without eyes, and with the body segments scarcely de

veloped, and others again have the number of segments excessively mul

tiplied, as in Faradoxides. These peculiarities agree with the characters
of the crustaceans met with in the Upper Cambrian strata, before men
tioned.

United States and Canada.-In the table, at p. 444, I have already
pointed out the relative position of the Potsdam Sandstone, which has

long been known as the lowest tssilitrous formation in the United States
and Canada. I have seen it on the banks of the St. Lawrence in Canada,
and on the borders of Lake Chaniphuin, where, as ntKeesvi1le, it is a white

quartzoso fine-grained grit, almost passing into quartzite. It is divided
into horizontal ripple-marked beds, very like those of the Lingula flags of
Britain, and replete with a small round-shaped Lingula in such numbers
as to divide the rock into parallel planes, in the same manner as do the

scales of mica in some micaceous sandstones. This formation, as we learn
from Mr. Logan, is blOO feet thick in Canada; the lower portion consisting
of a conglomerate with quartz pebbles; the upper part of sandstone con

taining fucoids, and perforated by small vertical holes, which are very
Characteristic of the rock, and appear to have been made by annelids

(Scolit1t'u linearis).
Oii the banks of the St. Lawrence, near l3eauhnrnois and elsewhere,
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many fossil footprints have been observed on the surface of its rippled

layers. These impressions were first noticed by Mr. Abraham, of Mon

treal, in 1847, and were supposed to be tracks of a tortoise; but

Mr. Logan has since brought some of the slabs to London, together

with numerous casts of other slabs, enabling Professor Owen to cor-

rect the idea first entertained, and to decide that. they were not due

to a chelonian, nor, as be imagines, to any vertebrate creature. The

Huutcrian Professor inclines to the belief that they are the trails of

more than one species of articulate aiumal, probably allied to the King

Crab, or Limulus. Between the two rows of foot-tracks runs an im

pressed median line or channel, supposed by the professor to have

been made by a caudal appendage rather than by a prominent part
of the trunk. Some individuals appear to have had three, and others

five pail; of limbs used for locomotion. The width of the tracks be

tween the outermost impressions varies from 3- to 5- inches, which

would imply a creature of much larger dimensions than any organic body

yet obtained from strata of such antiquity. Their size alone is therefore

important, as warning us of the danger of drawing any inference, from

mere negative evidence, as to the extreme poverty of the fauna of the
earlier seas.

Mr. Logan informs us, that the Lower Silurian strata and the Potsdam
Sandstone in Canada rest unconformably on a still older series of aqueous
rocks, which, as he says, may be Cambrian (Lower Cambrian, or, perhaps,
still older?), and which include conglomerates and beds of limestone. 1n
both of these, nodules of phosphate of limo are frequently observed. That
these contorted rocks are of aqueous origin, lie infers from the presence of
quartz pebbles in the conglomerates. Together with the associated igne
ous masses, this ancient series attains a thickuess of at least 10,000 feet,
in the Lake Huron district, and includes the copper-bearing rocks of that
part of Canada. Below these again lies gneiss, with intcrstratified marble,
in which crystals of phosphate of lime both large and small are not un
common. This phosphate, as Mr. Logan suggests, may have "a possible
connection with life in those ancient rocks.,,

In the frontispiece to this volume, and in fig. 83, p. 59, the reader may
refer to a section on the coast of Scotland where the Devonian strata lie

unconformabiy on the highly inclined Silurian schists, and I have cited
the eloquent reflections of P]ayfair when lie looked, with his teacher
Hutton, "so far into the abyss of time." But in the lake district of N.
America, the POW= Sandstone, forming the upper or horizontal series,
is older than even the inclined strata of St. Abb's Head in Scotland. In
Canada again, we behold the monuments of still another period in the
remote distance, attesting, as Playfair exclaimed, "how much farther the
reason may go than. the imagination can venture to follow."

Valley of the Uppcr Mississippi. Mr. Dale Owen has recently published a graphic sketch, in his survey-of Wisconsin (1852), of the lowest

* Quart. Geol. Journ. voL viii. p. 210.
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sedimentary rocks near the head-waters of the Fig. 618.

Mississippi, lying at the base of the whole
Silurian series. They are many hundred feet,
thick, and, for the most part similar in char
acter to the Potsdam Sandstone above de
scribed, but including in their upper portions
intercalated bands of magnesian limestone, and
in their lower some argillaceous beds. Among

t?
shells of these:ta, are species of Lingula
Orthis, and several trilobites of the new

genus Di/èclocepkalus (fig. 618). These rocks,
/ '

occurring in Iowa, Wisconsin, and. Minnesota, .Dikdocep1aFu& Jllnne8otdr.iç
seem destined hereafter to throw great light A largo crustacean of tho Olenold
on the state of ornanic life in the Cambrian °"r'. rotsdani Sandstone.

rails of St Cro1x on tho upper
period. Six beds containing trilobites, sepa- Misissippi.
rated by strata from 10 to 150 feet thick, are already enumerated.

Relation of Silurian and Cambrian .Faunas.-That there is a con
siderable connection between the Cambrian and lower Silurian faunas,

notwithstanding that nearly every species may be distinct, seems evident;
but it may not be a closer one than that existing between the Upper
Silurian, and Devonian. This I infer from the following facts,-that in

Bohemia, where the Cambrian or primordial fauna of Barrande is best

developed, it consists mainly of Trilobites; and. of this order more than
two-thirds of the genera and all the species, more than twenty in number,

are, with one exception (Agnosus pisf'ormis), distinct from the Silurian.

But M. Barrande observes that out of thirty-nine Silurian genera of

Trilobites, no less than eleven pass upwards into the Devonian. If, there

fore, we had only trilobites in the latter, its generic relationship to the

Silurian fauna would appear greater than that of the Silurian to the Cam
brian. And, though the details of the English rocks of this age are not

yet fully known, the species at least appear all to be distinct. The same
holds good with regard to the fossils of the Swedish strata, and, as we

have seen, to those of America.
A distinctive character, therefore, is given to the fauna of this period,

by which we seem to be carried one step farther back into the history of

organic life.




Supposed Period of I,wcrtrbrale AninuLis.

We have seen that in the upper part of the Silurian system a bone-bed

occurs near Ludlow, in which the remains of fish are abundant, and

amongst them some of a highly organized structure, referred to the genus
O,zchus. "Wo are indebted to Sir B. Murchison for having first an

nounced, in 1840, the discovery of these iehthyolitcs, and he then spoke
of them as "the most ancient beings of their class." In his new and
excellent work, entitled " Siluria" (p. 239), lie reverts to the opinion
formerly expressed by him, and observes that the active researches of the
last fourteen years in Europe and America 11 have failed to modify that
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generalization," adding, "the Silurian system, therefore, may be regarded

as representing a long early period, in which no vertebrated animals had

been called, into existence."

It is certainly a fact well worthy of our attention, that as yet no re

mains of fish are on record as coining from any stratum older than the

base of the "Upper Ludlow." (See above, p. 432.) When we reflect on.

the number of Mollusks, Echinoderms, Coals, Trilobites, and other fossils

already obtained from Silurian strata below " the Ludlow," we may well

ask, whether any other set of fossiliferous formations were ever studied

with equal diligence and over so vast an area without yielding some

iclithyolites.
Nevertheless, we must. be permitted to hesitate before we accept, even

on such evidence, so sweeping a conclusion, as that the globe, for ages
after it was habitable by all the great classes of invertebrata, emiiincd

wholly untenanted by vertebrate animals. In the first place, we must

remember that we have detected no insects, or land-shells, or freshwater

pulmoniferous mollusks, or terrestrial crustaceans, or plaiits (except fu

colds), in rocks below the Upper Silurian. Their absence may admit of

explanation, by Supposing all the deposits of that era hitherto examined to

have been formed in seas far from land or beyond the influence of rivers.
Hero and there indeed a shallow-water, or even a littoral deposit may
have been met with, as in North Wales, lbr example, and North America;
but, speaking generally, the Silurian deposits, as at present known, have

certainly a more pelagic character than any other equally important for
niations.

It is a curious fact, and not perhaps a mere fortuitous coincidence, that
the only stratum which has yielded the remains of laud-plants is also the
only one which has afforded the bones of fish. Bone-beds in general,
such as that of the Lias near Bristol, those of the Trias near Stuttgardt, of
the Carboniferous Limestone near Bristol and Armagh, and lastly that of
the "Upper Ludlow," are remarkable for containing teeth and bones,
much rolled and implying transportation from a distance. The associa
tion of the spores of Lyeopodiacec see p. 432) with the Ludlow fish
bones shows that plants had been washed from some dry land, then.
existing, and had been. drifted into a common submarine receptacle
with the bones. More usually, however, the "

Upper Ludlow," like
the "Lower Silurian," is devoid of plants and equally destitute of ichi
thyolites.

It has been suggested that Cephalopoda were so abundant in the Si
lurian period that they may have discharged the functions of fish; to
which we may reply that both classes coexisted in the Upper Silurian
period, and both of them swarmed together in the Carboniferous and
Liassie Seas, as they do now in certain parts of the ocean. We may also
suggest that we are too imperfectly acquainted with the distribution of
scattered bones and teeth, or the skeletons of dead fish on the floor of the
existing ocean, to have a right to theorize with confidence on the absenceof such relics over wide spaces at former eras.
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They who in our own times have explored the bed of the sea inform
us that it is in general as barren of vertebrate remains as the soil of
forest on which thousands of mammalia and reptiles may have flourished
for centuries. In the summer of 1850, Professor E. Forbes and Mr.
MeAndrew dredged the bed of the British seas from the Isle of Portland
to the Land's End in Cornwall, and thence again to Shetland, recording
and tabulating the numbers of the various organic bodies brought up by
theta in the course of 140 distinct dredgiigs, made at different distances
from the shore, some a quarter of a mile, others fort)? miles distant. Time
list of species of marine invertebrate animals. whether Radiata, Mollusca,
or Articulata, was very great, and time number of individuals enormous;
but the only instances of vertebrate animals consisted of a few ear-bones
and two or three vertebrae of fish, in all not above six relics.

It is still more extraordinary that Mr. MeAndrew should have dredged
the great "Ling Banks" or cod-fishery gro'.nds off the Shetland
Islands for shells without obtaining the bones r teeth of any dead
fish, although ho sometimes drew up live fish from time mud. This
is the more singular, because there are some areas where recent fish
bones occur in the same northern seas in prolitsion, as I have shown
in the "Principles of Geology" (see Index, "Vidal"); two bone-beds

having been discovered by British hydrographers, one in time Irish sea,
and the oilier in the sea near the Faroo Isles, the first of them two, and
the other three and a half miles in length, where the lead brings up
everywhere the vertebr of fish from various depths between 45 to
285 fathoms. These may be compared to the Upper Ludlow bone
bed; and on the floor of the ocean of our times, as on that of the
Silurian epoch, there are other wide spaces where no bones are imbedded
in mud or sand.

It may be true, though it sounds somewhat like a paradox, that fish
leave behind them no memorials of their presence in places where they
swarm and multiply freely; whereas currents may drift their bones in

great numbers to regions wholly destitute of living fish. Such a state of

things would be quite analogous to what takes place on the habitable
land, where, instead of the surface becoming encumbered with heaps
of skeletons of quadrupeds, birds, and land-reptiles, all solid bony sub
stances are removed after death by chemical processes, or by time

digestive powers of predaceous beasts; so that, if at some future period
a geologist should seek for monuments of time former existence of
such creatures, he must look anywhere rather than in the area where

they flourished. lie must search for them in. spots which were cov
ered at the time with water, and to whicli somnes bones or carcascs

may have been occasionally carried by floods and permanently buried in
sediment.

In the annexed Table, a few dates are set before the reader of the

discovery of difibrent classes of animals in ancient rocks, to enable him
to perceive at a glance how gradual has been our progress in tracing
back time signs of Vertebrata to formations of high antiquity. Such facts
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may be useful in warning us not to assume too hastily that the point

which our retrospect may have reached at the present moment can be

regarded as fixing the date of the first introduction of any one class of

beings upon the earth.

Dates of the Discovery of different Classes of Fossil Vertebra (a; show-

ing the qradual Progress made in tracing them to Rocks of higher

Antiquity.
Year. Formations. Gcographkal Localities.

C 1198. Middle Eocene (or B. L p. 222). Paris (Gypsum of Mont.
martre).1

Marnmalia. 1818. Lout Oolite Stoncsfieid.
1841. Upper Trills. Stuttgardt.'

1182. Middle Eocene (or B. i. p. 222). Paris (Gypsum Mont-

Ayes.
1839. Lower Eocene.

nmartre).4
London (Sheppey Clay).6

(1110. Permian (or Zechstein). Thuringin.°
Reptilia. -( 1844. Carboniferous. Snarbruck, near Trevea.7

( 1852. Upper Devonian. Elgin.'
1 1100. Pormian (or Kupfer-schiefer). Tliuringia.°
1103. Cnrbonifcrous (Mountain Lime- Glasgow.'0

Pisces. stone).
1808 Devonian. Caithness.,,

11840. Upper Silurian. Ludlow.'3

Cuvier (George). Bulletin Soc. Philom. xx. Scattered bones were found in
the gypsum some years before; but they were determined osteologically, and
their true geological position was assigned to them in this memoir.

In 1818, Cuviei visiting the Museum of Oxford, decided on the mammalian
character of ajaw from Stonesfield. See also above, p. 311.

Plieninger, Prof. See above, p. 340.
M. Darcet discovered, and Lamanon figured, as a fossil bird, some remains

from Montmartre, afterwards recognized as such by Cuvier (Osseniens Foss., Art.
"Oi8eauf).

° Owen, Prof., Geol. Trans. 2d Ser. vol. vi. p. 203, 1830. The fossil bird dis
covered in the same year in the slates of Glans in the Alps, and at first referred
to the chalk, is now 8tmposed to belong to the Nummulitic beds, and may there
fore be of newer date than the Sheppey Clay.° The fossil monitor of Thuringua (Protoroswerus Spncri, V. Mcyer' was figured
by Spenor, of Berlin, in 1810. (Miscel. Berlin.)See above, p. 97.

See above, p. 412.
Memorabilia Saxonke Subterr, Leipsic, lloo.'°
History of Rutberglen, by Rev. David Ure, 1103.
Sedgwick and Murchison, Geol. Trans. 2d Ser. vol. iii. p. 141, 1828.
Sir it Murchigon. See above, p. 431.

Obs. The evidence derived from footprints, though often to be relied on, is
omitted in the above table, as being less exact than that founded on bones and
teeth.

Itow many living writers are there who, before the year 1844, generalized fearlessly on the non-existence of reptiles before the Pormian Ova!
Yet, in the course of ten years, they have lived to see the earliest known
date of the creation of reptiles carried back successively, first to the Car
boniferous, and then to the Upper Devonian periods. Before the year1818, it was the popular belief that the Pakeothicrium of the Paris gypsum and its associates were the first warm-blooded quadrupeds that ever
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trod the surface of this plaict. So fixed was this idea in the minds of the

majority of naturalists, that, when at length the Stonesfield Mammalia
awoke from a slumber of three or four great periods, the apparition failed
to make them renounce their creed.

"Unwilling I my ups unclose-
Leave, oh, leave me to repose."

First, the antiquity of the roel was called in question; and then the mam
malian character of the relics. Even long after all controversy was set at
ret on these points, the real import of the new revelation, as bearing on
the doctrine of progressive development, was far from being duly appre
ciated.

It is clear that the first two or three species, encountered in any country
or in the rocks of any epoch, cannot be taken as a type or standard for

measuring the grade of organization of any terrestrial fauna, ancient or
modern. Suppose that the two or three oolitic species first brought to

light had really been all marsupial, as was for a time erroneously
im-agined,this would not have borne out the inference which some attempted
to deduce from it, namely, that the time had not yet come for the crea
tion of the placental tribes. Or, if when some monodeiph were at last

actually recognized (at Stonesfield), they happened to be of diminutive
size, and to belong to the insectivora, we are not entitled to deduce from
such data that the oolltic fauna ranked low in the general scale, as the
insectivora may do in an existing fauna. The real significance of the dis
coveries alluded to arises from. the aid they afiird us in estimating the true
value of negative evidence, when brought to bear on certain speculative
questions. Every zoologist will admit that between the first creation and
the final extinction of any one of the five* oolitic mammahia now known
there were many successive generations; and, if the geographical range
of each species was limited (which we have no right, to assume), still

there must have been several hundred. individuals in each generation,
and probably, when the species reached its maximum, several thousands.
When, therefore, we encounter for the first time in 1854 two or three

jaws of a Spalaco(1zcriun in the Purbeck limestone, after countless speci
mens of Mollusca and Crustacea, and hundreds of insects, fish, and rep
tiles had been previously collected from the same beds, we are not simply

taught that these individual quadrupeds flourished at the era in question,
but that thousands, perhaps hundreds of thousands, of the same species

peopled the land without leaving behind them any trace of their exist

ence, whether in the shape of fossil bones or footprints; or, if they left

any traces, these have eluded a long and most persevering search.

Moreover, we must never forget how many of the dates given in the

* had written four, but while this sheet was passing through the press
(Sept. 26, 1854) the discovery of another species of insectivorous mammal from
Stonesfleld was announced to the British Association at Liverpool by Mr. Charles
worth, who has given to it the name of Sicreognatlius ooliticus. It is more than
twice the size of any of the species previously obtained from the same formation.
We have now, therefore, including the recently found Spalacothoriuin of Pur
beck (see v. 2t15), five British mammalia from the oolite.
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above table (p. 450), are duo to British skill and energy, Great Britain

being still the only country in which mamniaha have been found in

Oolltic rocks; the only region where any reptiles have been detected in

strata as old as the Devonian; the only one wherein the. bones of birds

have been traced back as far as the London Clay. And, if geology had

been cultivated with less zeal in our island, we should know nothing as

yet of two extensive assemblages of tertiary mammalia of higher antiquity

than the fauna of the Paris gypsum (already cited as having once laid

claim to be the earliest that ever flourished on the earth)-uamely, first,

that of the ileadon series (see above, p. 212) ; and, secondly, one long

prior to it in date, and antecedent to the London Clay. This last has

already afforded us indications of Quadruinana, Chiciroptern, Pnchyder
mat; and Marsupialia (see p. 217). low then can we doubt, if every
area on the globe were to be studied with the same diligence,-if all

Europe, Asia, Africa, America, and Australia were equally well known,

that every date assigned by us in the above Table for the earliest recorded

appearance of fish, reptiles, birds, and mammals would have to be altered ?

Nay, if one other area, such as part of Spain, of the size of England and

Scotland, were subjected to the same scrutiny (and we are still very
ii-perfectlyacquainted even with Great Britain), each class of Yertebrata
would probably recede one or more steps farther back into the abyss 0?
time: fish might penetrate into the Lower Siluilau,-reptiles into the
Lower Devonian,-m:uumalIa into the Lower Trias,-birds into the
Chalk or Oolite,-aud, if we turn to the Invertebrata, Trilobites and

Cephialopods might descend into the Lower Cambrian,-and some stray
zoophyte, like the OMliamia., into rocks now styled "azoic."

Yet, after these and many more analogous revisions of the Table, it
might still be just as easy as now to found a theory of progressive devel
opment on the anew set of positive and negative facts thus established;
for the order of chronological succession in the different classes of fossil
animals would probably continue the same as now ;-in other words, our
success in tracing back the remains of each class to remote eras would be
greatest in fishes, next in reptiles, next in mammalia, and least in birds.
That we should meet. with ichthyolites more universally at each era, and
at greater depths in the series, than any other class of fossil vertebrata,
would follow Partly from our having as paleontologists to do chiefly with
strata of marine origin, and partly, because bones of fish, however partialand capricious their distribution on the bed of the sea, are nevertheless
more easily met. with than those of reptiles or manimalin. In like man
ner, the extreme rarity of birds in recent and Pliocene strata, even in those

bof
freshwater origin, -night lead us to anticipate that their remains would

e obtained with the greatest difficulty in the older rocks, the Table
proves to be the case,-even in tertiary strata, wherein we can more
readily find deposits formed in lakes and estuaries.
*A bird's bone is recorded as having been lately found in the Woolwicheds (beneath the London clay), by Mr. Preetwich; Geol. Quart.. Journ. vol. X.p. 161.
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The only incongruity between the geological results, and those which
our dredging experiences might have led us to anticipate a priori, con
sists in the frequency of fossil reptiles, and the comparative scarcity of
mammalia. It would appear that during all the secondary periods, not
eveh excepting the newest part of the cretaceous, there was a greater
development of reptile life than, is now witnessed in any part of the globe.
The preponderance of this class over the mammalia depended probably
on climatal and geographical conditions, for we can scarcely refer it to

"progressive development," by which the vertebrate type was steadily
improving, or becoming more perfect, as Time rolled on. We cannot
shut our eyes to the positive proofs now obtained of the creation ofmam
inalia before the excess of reptiles had ceased,-nay, apparently before it
had even reached its maximum.

In conclusion, I shall simply express my own convictioii that we are
still on the mere threshold of our inquiries; and that, as in the last fifty
years, so in the next half century, we shall be called upon repeatedly to

modify our first opinions respecting the range in time of the various classes
of fossil Vertebrata. It would therefore be premature to generalize at

present on the non-existence, or even on the scarcity of Vertebrata,
whether terrestrial or aquatic, at periods of high antiquity, such as the
Silurian and Cambrian.*

0 For observations on the rarity of air-breathers in the coal, see above, p. 401.
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C=ER XXVIII.

VOLCANIC ROCKS.

Trap rocks-Name, whence derived-Their igneous origin at first doubted

Their general appearance and character-Volcanic cones and craters, lw

formed-Mineral composition and texture of volcanic rocks-Varieties of

felspar-Hornblende and nugite-Isomorphism-Rocks, how to be studied

Basalt, trachyte, greenstone, porphyry scone, ainygdaloid, lava, tutI-Agglo
mcrate-Laterite-Alphabctical list, and explanation of names and synonyms
of volcanic rocks-Table of the analyses of minerals most abundant in the
volcanic and hypogene rocks.

Tun aqueous or fossiliferous rocks having now been described, we have

next to examine those which may be called volcanic, in the most extended
sense of that term. Suppose a a, in the annexed diagram, to represent

Fig. 619.

a. Ilypogeno formations, stratified and unstrntlfleiL
b. Aqueous formations. c. Volcanic rocks.

the crystalline formations, such as the granitic and metamorphic; b b the
fossilifrous strata; and c c the volcanic rocks. These last are sometimes
found, as was explained in the first chapter, breaking through a and b,
sometimes overlying both, and occasionally alternating with the strata b b.
They also are seen, in some instances, to pass insensibly into the unstrati
fied division of a, or the Plutonic rocks.
When geologists first began to examine attentively the structure.of the

northern and western parts of Europe, they were almost entirely ignorantof the phenomena of existing volcanoes. They found certain rocks, for the
most part without stratification, and of a peculiar mineral composition,to which they gave different names, such as basalt, greenstone, porphyry,and amygdaloid. All these, which were recognized its belonging to one
family, were called "trap" by Bergmann, from lrappcz. Swedish for a
flight of steps-..a name since adopted very generally into the nomencla
ture of the science; for it was observed that many rocks of this class
occurred, in great tabular masses of unequal extent, so as to form a suc
cession of terraces or steps n the sides of hills. This configuration
appears to be derived from two causes. Firsts the abrupt original ter
minations of sheets of melted matter, which have spread, whether on
the land, or bottom of the sea, over a level surface. For we know,in the case of lava flowing from a volcano, that a stream, when it has
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ceased to flow, and grown solid, very commonly ends in a steep slope,
as at a, fig. 620. But, secondly, the step-like appearance arises more

frequently from the mode in which hori
zontal masses of igneous rock, such as b c,

FI 620.

intercalated between aqueous strata, or
showers of volcanic dust and ashes, have,

subsequently to their origin, been exposed,
at different heights, by denudation. Such
an outline, it is true, is not peculiar to

trap rocks; great beds of limestone, and Stop-ILko appoaranco of trap.
other hard kinds of stone, often presenting
similar terraces and precipices; but these are usually on a smaller scale,
or less numerous, than the volcanic steps, or form less decided features in
the landscape, as being less distinct in structure and composition from the
associated rocks.

Although the characters of trap rocks are greatly diversified, the be

ginner will easily learn to distinguish them as a class from the aqueous
formations. Sometimes they present themselves, as already stated, in
tabular masses, which are not divided by horizontal planes of stratification
in the manner of sedimentary deposits. Sometimes they form chains of
hills often conical in shape. Not unfrequently they are seen as "dikes"
or wall-like masses, intersecting fossilifcous beds. The rock is occasion

ally columnar, the columns sometimes decomposing into balls of various
sizes, from a few inches to several feet in diameter. The decomposing
surface very commonly assumes a coating of a rusty iron color, from the
oxidation of ferruginous matter, so abundant in the traps in which augite
or horublende occurs; or, in the feispathie varieties of traprit acquires a
white opake coating, from the bleaching of the mineral called feispar.
On examining any of these volcanic rocks, where they have not suffered

disintegration, we rarely fail to detect a crystalline arrangement in one or
more of the component minerals. Sometimes the texture of the mass is

cellular or porous, or we perceive that it has once been full of pores and
cells, which have afterwards become filled with carbonate of lime, or

other infiltrated mineral.

Most of the volcanic rocks produce a fertile soil by their disintegra
tion. It seems that their component ingredients, silica, alumina, lime,

potash, iron, and the rest, are in proportions well fitted for the growth of

vegetation. As they do not effervesce with acids, a deficiency of calca
reous matter might at first be suspected; but although 11w carbonate of
limo is rare, except in the nodules of uinygdaloids, yet it will be seen that

lime sometimes enters largely into the composition of augite and horn
blendo. (See Table, p. 475.)

Cones and Craters.-In regions where the eruption of volcanic matter
has taken place in the open air, and where the surface has never since
been subjected to great aqueous dnudation, cones and craters constitute
the most striking peculiarity of this class of lbrmations. Many hundreds
of these cones are seen in central France, in the ancient provinces of
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Auvergne, Velay, and Vivarais, where they observe, for the most part, a

linear arrangement, and form chains of hills. Although none of the

eruptions have happened within the historical era, the streams of lava

may still be traced distinctly descending from many of the craters, and

following the lowest levels of the existing valleys. The origin of the

PIE. 621.
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Part of the chain of extinct volcanoes culled tho Monts Dome, Auvergne. (Scrope.)

cone and cater-shapcd hill is well understood, the growth of many having
been watched during volcanic eruptions. A chasm or fissure first opens
in the earth, from which great volumes of steam and other gases are

evolved. The explosions are so violent as to hurl up into the air fragments
of broken stone, parts of which are shivered into minute atoms. At the

same time melted stone or lava usually ascends through the chimney or
vent by which the gases make their escape. Although extremely heavy,
this lava is forced up by the expansive power of entailgied gaseous fluids,

chiefly steam or aqueous vapor, exactly in the same manner as water is
made to boil over the edge of a vessel when steam has been generated at
the bottom by heat. Large quantities of the lava are also shot up into
the air, whore it separates into fragments, and acquires a spongy texture
by the sudden enlargement of the included gases, and thus forms scori,
other portions being reduced to an impalpable powder or dust. The

showering down of the various ejected materials round the orifice of erup
tion gives rise to a conical mound, in which the successive envelopes of
sand and scorke form layers, dipping on all sides from a central axis. In
the mean time a hollow, called a "cralcr, has been kept open in the
middle of the mound by the continued passage upwards of steam and
other gaseous fluids. The lava sometimes flows over the edge of the
crater, and thus thickens and strengthens the sides of the cone; but some
times it breaks down the cone on one side see fig. 621), and often it flows
out from a fissure at the base of the hill, or at some distance from its base.*

Composition and .lsTo;)zelzclature Before speaking of the connection
between the products of modern volcanoes and the rocks usually styled
trappean; and before describing the external forms of both, and the
manner and position in which they occur in the earth's crust, it will
be desirable to treat of their mineral composition and names. The
varieties most frequently spoken of are basalt and trachyte, to which

* For a description and theory of acUvo volcanoes, see Principles of Geology,chaps. xxiv. e seq. and xxxii.
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dolerite, greenstone, dllnkstone, and others might be added; while those
founded chiefly on peculiarities of texture, are porphyry, amygdaloid, lava,
volcanic breccia or agglomerate, tuff, scorke, and. pumice. It may be
stated generally, that all these are mainly composed of two minerals,
or families of simple minerals,felspar and hornblende ; but the felspar
preponderates greatly even in those rocks to which the hornbleudic min
eral imparts its distinctive character and prevailing color.
The two minerals alluded to may be regarded as two groups, rather

than species. Pelspar, for example, may be, first, common feispar (often
called Orthoclase), that is to .say, potash-feispar, in which the predominant
alkali is potash (sea Table, p. 475) ; or, secondly, albite, that is to say,
soda-felspar, where the predominant alkali is soda instead of potash; or,
thirdly, Oligoclase; or, fourthly, Labrador-felpar (Labradorite), which
differs not only in its iridescent lines, but also in its angle of fracture or

cleavage, and its composition. We also read much of two other kinds,
called glassy feispar and compact feispar, which, however, cannot rank as
varieties of equal importance, but both the albitic and common feispar
appear sometimes in transparent or glassy crystals; and as to compact
feispar, it is a compound of a less definite nature, sometimes containing
largely both soda and potash; and which might be called a feispathic
paste, being the residuary matter after portions of the original matrix
have crystallized. The more recent analyses have shown that all the
varieties or species of feispar may contain both potash and soda, al

though in some of them the one, and in others the other alkali greatly
prevails.
The hornblendic group consists principally of two varieties; first, horn

blende, and, secondly, augite, which were once regarded as very distinct,

although now some eminent mineralogists are in doubt whether they are
not one and the same mineral, differing only as one crystalline form of
native sulphur differs from another.
The history of the changes of opinion on this point is curious and in

structive. Werner first distinguished augite from hornblende; and his

proposal to separate them obtained afterwards the sanction of HaUy,
Mobs, and other celebrated mineralogists. It was agreed that the form
of the crystals of the two species were difircnt, and their structure, as
shown by cleava!/c, that is to say, by breaking or cleaving the mineral
with a chisel, or a blow of the hammer, in the direction in which it

yields most readily. It was also found by analysis that augite usually
contained more lime, less alumina, and no Iluoric acid; which last, though
not always found in horublende, often enters into its composition in mi
nute quantity. In addition to these characters, it was remarked as a

geological fact, that augite and hornblende are very rarely associated to
gether in the same rock; and that when this happened, as in some lavas
of modern date, the hornbleudo occurs in the mass of the rock, where
crystallization may have taken place more slowly, while tltc angite merely
lines cavities where the crystals may have been produced rapidly. It
was also remarked, that in the crystalline slags of hiu'naces, augitic forms



wera frequent, the Iiomblendic entirely absent; hence it was conjcc- 
tured tlint hornblende might be tho result of slow, nnd nugite of rapid 
coolingm This new was confirmed by tire fact, Hint Mitsclierlicli and 
BertLer were nblo to mako augito nrtificially, lint coultl never succeed 
ill forming liornblcndo. Lastly, Gustavns Eoso fused a niass of Iiom- 
blendo in a porcelain furnace, and found that it did not,, on cooling, 
assme its previous Aia.\w, but invariably took that of nugite. 1'110 

same mineralogist observed ccrtnin crystals in rodts from Siberia wliicli 
pwsentctl a horn blend^ ctcava~e, while they had the external form of 
augi tc. 
If, from theso data, it is inferred that the same su\)stnneo may nssunm 

tho c~s td l ino  forms of I101*nb?cndo or n~~gito iiHliflcrcutly, according to 
the more or less rapid cooling of tho melted niiiss, it is nevertheless 
ccrlniu Hint tlio vnricty commonly called nugitc, and recognized by a 
peculiar crystalline (briu, lias usually moro litno in it, nud less .'iltimiua, 
than that called hoiiAlende, although tho quantities of thcso clcmenis 
do not seem to be always the same. Unquestionably the facts and ox- 
periments show mcntioncd. show tlro very mm nfliuity of ltomblendo 
and augite ; but even 1110 convertibility of ono into the olhcr, by melting 
and recrystallizing, docs not perhaps demonsirnto their nbsolutc identity. 
For tlicre is often some portion of t l io niiitcriiils in  a ciptal which are 
not in perfect chcmicnl combination with the rest.. Cnrbonate of lime, 
for example, sometimes curries with it a considerable quantity of silex 
into its own form of crystal, tho silcx being mechanically mixed as 
sand, and yet not preventing tho carbonate of lime from assuming the  
form proper to it. This is an extreme case, Tint in many others some 
one or more of the ingredients in a crystal may bo excluded from 
perfect chemical union ; ant1 after fusion, wlieu tho mass recrystallizes, 
the same cleiiieiifs m y  combino perfectly or in now proportions, and 
thus a new mineral may bo produced. Or some one of the gaseous 
dements of the atmosphere, the oxygen, for example, may, when the 
melted matter reconsolidates, combine with soino ono of the component 
elements. 
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orals which had appeared so variable, was governed by a general law, to

which he gave the name of isomorp1dsn (from so'o, isos, equal, and p.opqi,
moplte, form). According to this law, the ingredients of a given species
of mineral are not absolutely fixed as to their kind and quality; but one

ingredient may be replaced by an equivalent portion of some analogous
ingredient. Thus, in augite, the lime may be in part replaced by por
tions of protoxido of iron, or of manganese, while the form of the crystal,
and the angle of its cleavage planes, remain the same. These vicarious

substitutions, however, of particular elements cannot exceed certain de
fined limits.

Fyroxene, a name of HaUy's, is often used for augite in descriptions of
volcanic rocks. It is properly, according to M. Delessc, a general name,
under which Angite, Diallage, and Hyperstheno may be united, for these
three are varieties of one and the same mineral species, having the same
chemical formula with variable bases.

Amphibole is in like manner a general term under which Hornblende
and Actiuolite may be united.

Having been led into this digression on some recent steps made in the

progress of mineralogy, 'I may hero observe that the geological student
must endeavor as soon as possible to familiarize himself with the char
acters of five at least of the most abundant simple minerals of which
rocks are composed. These are felspar, quartz, mica, hornblende, and
carbonate of lime. This knowledge cannot be acquired from books, but.

requires personal inspection, and the aid of a teacher. It is well to ac
custom the eye to know the appearance of rocks under the lens. To

learn to distinguish feispar from quartz is the most important step to be
first aimed at. In general we may know the feispar because it can be

scratched with the point of a life, whereas the quartz, from its extreme
hardness, receives no impression. But when these two minerals occur in

a granular and uncrystallized state, the young geologist must not be

discouraged if, after considerable practice, he often fails to distinguish
them by the eye alone. If the felspar is in crystals, it is easily recog
nized by its cleavage; but when in grains the blow-pipe must be used,
for the edges of the grains can be rounded in the flame, whereas those of

quartz are infusible. If the geologist is desirous of detecting the varieties
of feispar above enumerated, or distinguishing liornblcude from augite, it
will often be necessary to use the reflecting goniometer as a test of the

angle of cleavage, and shape of the crystal. The use of this instrument
will not be found difficult.

The external characters and composition of the felspars are extremely
different from those of augito or hornblende; so that the volcanic rocks
in which either of these minerals play a conspicuous part are easily re

cognizable. But there are mixtures of the two elements in very different

proportions, the mass being sometimes exclusively composed of felspni
and at other times largely of augite. Between the two extremes there is
almost every intermediate gradation; yet certain compounds prevail so

extensively in nature, and preserve so much uniformity of aspect and
30
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composition, that t, is useful in geology to regard them as distinct rocks,

and to assign names to them, such as basalt, greenstone, trachyte, and

others presently to be mentioned.

Basalt.-As an example of rocks in which augite is a conspicuous

ingredient, basalt may first be mentioned. Although we are more

iniliar with this term. than with that of any other kind of trap, it is dil

ficult to define it, the name having been used so comprehensively, and

sometimes so vaguely. It has been generally applied to any trap rock

of a black, bluish, or leaden-gray color, having a uniform and compact

texture. Most strictly, it consists of an intimate mixture of feispar, augite,

and iron, to which a mineral of an olive-green color, called olivine, is

often superaddeci, in distinct grains or nodular masses. The iron is

usually magnetic, and is often accompanied by another metal, titanium.

The term " Dolerito" is now much used for this rock, when the felspar is

of the variety called Labradorite, as in the lavas of Etna. Basalt, ac

cording to Dr. Daubeny, in its more strict sense, is composed of "an in

timate mixture of augite with a zeohitic mineral which appears to have

been formed out of Labradorito by the addition of water, the presence, of

water being in all zeoliWs the cause of that bubbling up under the blow

pipe, to which they owe their appdUation." Of late years the analyses of
M. Delesse and other eminent mineralogists have shown that the opinion
once entertained, that augite was the prevailing mineral in basalt, or
even in the most augitic trap rocks, must be abandoned. Although
its presence gives to these rocks their distinctive character as con.
trasteci with tmachytes, still the principal clement in their composition, is

feispar.
Augite rock has, indeed, been defined by Leonlmard as being made up

principally or wholly of augite,f and in some veinstones, says Delesse,
such a rock may be found; but the greater part of what passes by the
name of augite rock is more rich in green feispar than in augite. Am
pluliolile, in like manner, or Hornblende rock, is a trap of the basaltic
family, in which there is much liorublende, and in which this mineral
has been supposed to predominate; but Delesso finds, by analysis, that
the feispar may be in excess the base being felspathic.

In some varieties of basalt the quantity of divine is very great;
and as this mineral ditThrs but. slightly in its chemical composition
from serpentine (see Table of nalysis, p. 475), containing even a
larger proportion of magnesia than serpentine, it has been suggestedwith much probability that in the course of ages some basalts highly
Charged with olivine may be turned, by metamorphic action, into ser
pentine.

Trachye..Thjs name, derived from rough, has been given to
the feispathie class of volcanic rocks which have a coarse, cellular paste,
rough aud gritty to the touch. This paste has commonly been supposedto consist chiefly of albite, but according to M. Delesso it is variable in

* Volcanoes, 2d ed. p. 18. " Mineraircich, 2d oil. p. 86.



Ca. XXVIII.] TRACHYTE PORPi[Y1Y-CLINKSTOiTE. 467

composition, its prevailing alkali being soda. Through the base are
disseminated crystals of glassy felspar, mica, and sometimes quartz and

hornblende, although in the trachyte, properly so called, there is no

quartz. The varieties of feispar which occur in trachyto are trisilicates,
or those in which the silica is to the alumina in the proportion of three
atoms to one.

Trac1tytic Porphyry, according to Abich, has the ordinary composi
tion of trachyte, with quartz superadded, and without any augito or t.ita
niferous iron. Andesite is a name given by Gustavus Rose to a trachyte
of the Andes, which contains the feispar called Andesin, together with

glassy felspar (orthoclase) and hornblende disseminated through a dark
colored base.

Glinksionc, or Plzonolite.-Among the feispathic products of volcanic
action, this rock is remarkable for its tendency to lamination, which is
sometimes such that it affords tiles for roofing. It rings when struck
with the hammer, whence its name; is compact, and usually of a gray
ish blue or brownish color; is variable in composition, but almost entirely
composed of feispar, and in some cases, according to Gmelin, of feispar
and mesotype. When it contains disseminated crystals of feispar, it is
called Clink--stone porphyry.

Greenstonc is the most abundant of those vokanic rocks which are
intermediate in their composition between the Basalts and Trachytes.
The name has usually been extended to all granular mixtures, whether of

hornblende and felspar, or of augite and felspar. Th term diorite has
been applied exclusively to compounds of hornblende and feispar. Ac

cording to the analyses of Delesse and others, the chief cause of the green
color, in most greenstones, is not green liornblend nor augite, but a green
siliceous base, very vailable and indefinite in its composition. The dark
color, however, of diorite is usually derived from disseminated plates of
hornblende.

The Basalts contain a smaller quantity of silica than the Trachytes, and
a larger proportion of lime and magnesia. Hence, independently of the

frequent presence of iron, basalt is heavier. Abich has therefore pro
posed that we should weigh these rocks, in order to appreciate their coin

position in cases where it is impossible to separate their component min
erals. Thus, the variety of basalt called dolerite, which contains 53 per
cent. of silica, has a specific gravity of 286 ; whereas trachyto, which has
66 per cent. of silica, has a sp. gr. of only 268 ; trachytic porphyry, con

taining 69 per cent.. of silica, a sp. gr. of only 2q58. If we then take
a rock of intermediate composition, such as that prevailing in the
Peak of Teneriffo, which Abich calls Trachyte-dolerito, its proportion of
silica being intermediate, or 58 per cent., it weighs 218, or more than

trachyte, and less than basalt.f The basalts are generally dark in color,
sometimes almost black, whereas the trachytes are gray, and even occa

sionally white. As compared with the granitic rocks, basalts and tm

chytes contain both of them more soda in their composition, the potash-
Dr. Daubeny on Volcnnoc9, 2d ed. pp. 14, 15. f Ibid.
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are seen to have a glazed or vitreous coating, and in this respect exactly
resemble scoriaceous lava; or the slags of furnaces.
The annexed figure represents a

P1623
fragment of stone taken from the

upper part of a sheet of basaltic lava
in Auvergne. One half is scoria
ecous, the pores being perfectly emp
ty; the other part is amygdaloidal,
the pores or cells being mostly filled

up with carbonate of lime, fbrininn
white kernels.

Lava.-This term has a some-
what vague signification, having /11

been applied to all melted matter t 4V2I -.' .
44,observed to flow in streams from

volcanic vents. When this matter
Scorluceous lava in part converted Lnt an

consolidates m the open air, the nmygdaloW.

upper part is usually scoriaccous, Montgn o do In Veille, Department ol Puydo Dome, France.
and the mass becomes more and
more stony as we descend, or in proportion as it has consolidated more

slowly and under greater pressure. At the bottom, however, of a stream
of lava, a small portion of scoriaceous rock very frequently occurs, formed

by the first thin sheet of liquid matter, which often precedes the main

current, or in consequence of the contact with water in or upon the

damp soil.
The more compact lavas are often porphyritic, but even the scoriaceous

part sometimes contains imperfect crystals, which have been derived from
some older rocks, in which the crystals pre-existed, but were not melted,
as being more infusible in their nature.

Although melted matter rising in a crater, and even that which
enters a rent on. the side of a crater, is called lava, yet this term

belongs more properly to that which has flowed either in the open
air or on the bed of a lake or sea. If the same fluid has not reached
the surface, but has been merely injected into fissures below ground, it
is called trap.

There is cery variety of composition in lavas; some are trachytie, as
in the Peak of Tenerifib; a great number are basaltic, as in Vesuvius and

Auvergne; others are Andesitic, as those of Chili; some of the most
modern in Vesuvius consist. of green augito, and many of those of Etna of

augite and Labradorfelspar.*
Scorke and Pumice may next be mentioned as porous rocks, pro

duced by the action of gases on materials melted by volcanic heat.
Sconce are usually of a reddish-brown and blaok color, and are the
cinders and sings of basaltic or augitic lavas. Pumice is a light, spongy,
fibrous substance, produced by the action of gases on trachytic and other

0 0. Rose, Ann. des Mines, tonL viii. p. 32.
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lavas; the relation, however, of its origin to the composition of lava is not

yet well understood. Von Buch says that it never occurs where only

Labrador-foispar is present.
Volcanic wj; Trap tui.--Small angular fragments of the scoiic and

pumice, above mentioned, and the dust of the same, produced by volcanic

explosions, form the tufi's which abound ill all regions of active 'ol

canoes, where showers of these materials, together with small pieces o

other rocks ejected from the crater, ill down upon the land or into the

sea. Hero they often become mingled with shells, and are stratified.

Such tuft's arc sometimes bound together by a calcareous cement., and

form a stone susceptible of a beautil\il polish. But even when little or no

limo is present, there is a great tendency in the materials of ordinary

tuft's to cohere together. Besides the peculiarity of' their composition,
some tuft's, or volcanic grits, as they have been termed, (lifter from ordi

nary sandstones by the angularity of their grains, and they often flss into

volcanic breccias.

According to Mr. Serope, the Italian geologists confine the term lull; or

tufa, to feispathoso mixtures, and those composed principally of pumice,

using the term peperino for the basaltic, tuffs.* The peperinos thus dis

tinguished are usually brown, and time tuti's gray or white.

We meet occasionally with extremely compact beds of volcanic ma
terials, interstratified with fossihilrous rocks. These may sometimes be
tuffs, although their density or compactness is such as to cause them
to resemble many of those kinds of trap which are found in ordinary
dikes. The chocolate-colored mud, which was poured for weeks out
of the crater of Graham's Island in the Mediterranean, in 1831, must,
when unmixed with other materials, have constituted a stone heavier
than granite. Each cubic inch of the impalpable powder which has
fallen for days through the atmosphere, during some modern erup
tions, has been found to weigh, without being compressed, as much
as ordinary trap-rocks, and to be often identical with these in mineral
composition.

Palagonile-hi




__-TIio nature of volcanic tuft's must vary according
to the mineral composition of the ashes and cinders thrown out of
each vent, or from time same vent, at different times. In descrip
tions of Iceland, we read of Palagonite-tuffs as very common. The
name Palagonite was first given by Professor Bunsen to a mineral
occurring in the volcanic formations of Palagonia, in Sicily. It is
rather a mineral substance than a mineral, as it is always amorphous,and has never been found crystallized. Its composition is variable,
but it may be defined as a hydrosihicate of alumina, containing oxideof iron, lime, magnesia, and some alkali. It is of a brown or black
ish-brown color, and its specific density, 243. It enters largely intothe composition of volcanic tuft's and breccas, and is considered byBunsen as an altered rock, resulting from the action of steam onvol-canic,tuft's.




* Geol. Trana. 2d aeries, voL ii. p. 211.
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Agglomerate.-In the neighborhood of volcanic vents, we frequently
observe accumulations of angular fragments of rock, formed during

eruptions by the explosive action of steam, which shatters the subjacent

stony formations, and hurls them. up into the air. They then fall in

showers around the cone or crater, or may be spread for some distance

over the surrounding country. The fragments consist usually of different

varieties of scoriaccous and compact lavas; but. other kinds of rock, such

as granite, or even fossiliferous limestones, may be intermixed ; in short.,

any substance through which the expansive gases have forced their way.
The dispersion of such materials may be aided by the wind, as it varies

in direction or intensity, and by the slope of the cone down which they
roll, or by floods of rain, winch often accompany eruptions. But if the

power of running water, or of the waves, and currents of the sea, be suffi

cient to carry the fragments to a distance, it can scarcely fail (unless
where ice intervenes) to wear off their iugles, and he formation then

becomes a conglomerate. If occasionally globular pieces of scoric

abound in an agglomerate, they do not owe their rounded form to at

trition.
The size of the angular stones in some agglomerates is enormous; for

they may be two or three yards in diameter. The mass is often 50 or

100 feet. thick, without showing any marks of stratification. The term

volcanic breccia may be restricted to those tuffs which arc made up of

small argular pieces of rock.

The shaggy crust of a stream of lava will often, while yet in motion,

split up into angular pieces, some of which, after the current has ceased

to flow, may be seen to stick up five or six feet above the general surfitec.

Such broken-up crusts resemble closely in structure the agglomerates
above described, although the composition of the materials will usually
be more homogeneous.

Laterllc is a red, jaspery, or brick-like rock, composed of silicate of

alumina and oxide of iron. The red layers, called "ochre-beds," dividing
the lavas of the Giant's Causeway, are laterites. These were found by
Delesse to be trap impregnated with the red oxide of iron, and in part
reduced to kaolin. When still more decomposed, they were found to be

clay colored by red ochre. As two of the lavas of time Giant's Causeway
are parted by a bed of lignite, it is not improbable that the layers of

]ateritc seen in the Antrirn cliffs resulted from atmospheric decomposi
tion. In Madeira and the Canary Islands, streams of lava of subaerial

origin are often divided by red, bands of laterite, probably ancient soils

formed by the decomposition of the surfaces of lava-currents, many of

these soils having been colored red in the atmosphere by oxide of iron,

others burnt into a red brick by the overflowing of heated lavas. These

red bands are sometimes prismatic, the small prisms being at right angles
to the sheets of lava. Red clay or red marl, formed as above stated by
the disintegration of lava, scoii:e, or tuff, has often accumulated to a

great thickness in the valleys of Madeira, being washed into them by
alluvial action; and some of the thick beds of iaterito in India may have



MIKEBAl COMPOSITION 

h d  ongjD, In India, however, espwiatb in theDecccnn, tha 
term u lntdt$ seems to havo been used too vnfnicJym 

It would ha tedious to cnumeratta all the varieties of trap and lava 
which have been regarded by different o b s e t ~ ~ l s  as sufficiently abundant 
to deserve distinct names, especially IIS each investigator is too apt to 
exaggerate tho importance of local varieties which bippcu to prevail in 
districts hest known to him. It will be useful, liowcvcl*, t o  subjoin here, 
in thefoirn of a glossa% an alphabetical list of the names nnd synonyms * 

most commonly in use, with brief explanations, to which I have added a. 
table of tlio analysis of tho silnple niiiierals most nbundant in the volcanic 

Explanation of the ATa1)t~s, Synonyms, and Mineral Composition of the 
more Ã§bti11da11 Volcanic f i c k  

AGGLOMERATE. A COBrS6 brecccia, composed of frngments or rock, cnst out . f 
volcanic vents, for the most part angular end without nny admixture af 
Â¥wnte~-~ om stonw. Yolcanic conglomcrfttes " may be applied, to mix- 
t u r e ~  in "winch, water-worn stones occur. 

APOANITE. See Cornem. 
AWDIDOUTE, OF ~ O T ~ S B L E ~ T H ~  ROCK, Â¥~hk 6CC. 

AMTGDALOID. A particular form of volcanic rock ; see p. 468. 
Auam Rocs. A rock of the bnsaltic family, composed of felspor nnd ftugite. 

See p. 460. 
Aoornc-rownsit~. Crystals of Lubrndor-felspar nnd of Augite, in a green or 

dark gray base. {Hose, Anil, dcs Mbiea, tom. 8, p. 22, 1835.) 

BASALT. An intinintc mixture of fclspnr nnd nugite with nangnctic iron, divine, 
kc. &Wp.4G6. 

BASAKITE. Kame given by Alex. Brongniort to ft rock, liaving ft bnsc of tneab, 
with more or less distinct crystals of nugi te disseminated through it. 

CLASSTOXE and C L A Y S T O K E - ~ O ~ ~ ~ ~ Y ~ Y .  An efirlliy and compnct stone, usually of 
n purplish color, like no indurntcd clay ; posses into honistone ; gcncrnlly 
contaios scattered crystals or felspnr and sometimes of quartz. 

CLWKSTOSE. Syii. Pilonolite, fissile Petrmilcx, see p. 407 ; f t  grnyisli-bluo rock, 
having a tendency to divide into d ~ b s  ; hard, witti cicnn fracture, ringing 
under tho liammer ; principally composed of fcl~pnr, and, according to 
Gmclin, of felspiir nod mcsotype. { Leonhard, Mincralrcich, p. 102.) 

COSPACC Fei-st-AR, wliich has also been called Pctrosilcx ; tlio i-ock so called 
i n c l m h  the hornstone of some iiuncrilogi~ts, is allied, to cliiikstonc, hut is 
harder, more compact, and translucent It i s  n varying rock, or which the 
chemical composition it not well detincd. (Jf<tcCttlhch's Clami~c(~f ion  of 
.@och, p. 481.) 

OOIWM A ~ A N ~ T ~  A compact homogeneous rock without f t  tram of crystfil* 
, lizotion, breaking with a smootI1 ~iirfnce like ~ o m o  compncL bnsnlts ; con- 

of hrfi'blciule, qunrtz, nnd felapnr, ia intimato combinotio~. It 
derivc8 m n a  from tho Lntia word cornu, l i k ,  in nlluaion its 
tonghnca~ mil compact to~ture. 
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DiolurE. A kind of Greenstone, which see. Components, feispar and horn
blende in grains. According to Rose, Ann. des Mines, tom. 8, p. 4, diorite
consists of albite and hornblcnde, but Delesse has shown that the feispar
may be Oligoclase or Labradorite. (Ann. des Mines, 184t', torn. 16, p.
323.) Its dark color is due to disseminated plates of hornblende. &6
above, p. 46'l.

DOLEILITE. According to Rose (ibid. p. 32), its composition is black augite and
Labrador-feispar; according to Leonhard (.ilfineralreicli, &c., p. 'ii), augite1
Labrador-fclspar, and magnetic iron. See above, p. 466.

DoMIr. An earthy trachyte, found in the Puy de Dome, in Auvergne.

Euruounc. A mixture of grains of Labrador-feispar and diallage. (Rose, ibid.
p. 19.) According to some, this rock is defined to be a mixture of augito
or hornblende and Saussurite, a mineral allied to jade. (Allan's Mine-
ralogy, p. 158.) Haidinger first observed that in this rock liorubleude
surrounds the crystals of diallage.

FELsPAR-roarurnv. Syn. Hornstonc-porphyry; a base of felspai with crystals
of feispar, and crystals and grains of quartz. See also Uorustone.

GAunno, sec Diallage rock.
G1tnEsToNE. Syn. A mixture of feispar and liornblende. See above, p. 467.
G1tAYSTONE. (Graustein of Werner.) Lond.gray and greenish rock composed of

feispar and augite, the feispar being more than seventy-five per cent
(Scrope, e.Trnzrn f &i. No. 42, p. 221.) Graystono lavas are intermediate
in composition between basaltic and trachytic lavas.

HORNDLENDE Rcc, or AIrIunoLITE. This rock, as defined by Leonhard, is com
posed entirely of hornblende; but such a rock appears to be exceptional,
and confined to mineral veins. Any rocks in which horablende plays a
conspicuous part, constituting the "rochcs amphiboliques" of French
writers, may be called hornblende rock. They always contain more or
less feispar in their composition, and pass into basalt or greenstone, or
aphanite. See p. 466.

II0UNST0NE-ronrurnr. A kind of feispar porphyry (Leonliard, be. cit.) with a
base of hornstone, a mineral approaching near to flint, differing from com
pact feispar in being infusible.

HflERSTIIENE ROCK, a mixture of grains of Labrador-feispar and hyperstheno
(Rose, Ann.. des Mine; tom. 8, p. 13), having the structure of syenite or
granite; abundant among the traps of Skye. It is extremely tough,
grayish, and greenish black. Some geologists consider it a greenstone, in
which liypersthene replaces hornblende; and this opinion, says Delesse,
is borne out by the fact that hornblcudo usually occurs in hyperethene
rock, often enveloping the crystals of hiypersthene. The latter have a
pearly or metallic-pearly lustre.

LA1EEUTF.. A red, jaspery, brick-like rock, composed of silicate of alumina and
oxide of iron, or sometimes consisting of clay colored with red ochre. See
above, p. 471.

MELArIIyaI. A variety of black porphyry composed of Labrador-fel8par and a
small quantity of augite. Its black color was formerly attributed to dis
seminated microscopic crystals of augite, but N. Delesso has shown that
the paste is discolored by hydrochloric acid, whereas this acid does not
attack the crystals of nugite, which are seen to be isolated, and few in
number. (Ann. ck. Mines, 4th ser. Loin. xii i 228.) From pcc, vzclas,
black.
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Oosi~ iw.  Titroom lava like melted glns~, ncnrly nllicd to pi tchstono, 
OPCBOUTE. A nmlo given by Al. Brongninrt to ecrpentine. 
OPIUTB. A ntimo given by Pnlnssou to certain Imp roclia of tlic Pyrenees, very 

variable in composition, usually composed of Labrador-fclspnr nnd horn- 
blende, nnd sometimes nugitc, occa'iionally of A green color, and pn&g 
into serpentine. 

PALAOOSITB TUFF. An altered volcanic tuff containing tho substance lcrmed pa- 
logonitc. Sec p. 470. 

P~~A~ETOXE, A volcanic rode, l i n ~ i n g  tlic lustre of mother of pcnrl; usunlly 
having nodulw structure ; intitnntdy related to obsidian, but less glassy. 

PETEIUSO. A form of volcanic t ufK composcd of bosni tic scorim, See p. 4'70. 
PETROSILF.. St-c Clinkstone nnd Comptict Felspiir, 
PIIOSOUTE. Syn. of Clinkston c, wliicli see. 
PITCUSTOSE, or RET~HITE, of the French. Vitrcoua lava. loss ghssy than obsidian ; 

a binckisli green rock resembling gIfts9, linvhg n rcsino~is lustro nnd np- 
pcnmnce of pitch ; cornposi tion usually of glassy fclflpnr (ort lioclnsc) with 
n little mien, qiim'tz, and liornblcnile ; in Arron it forms n dike tliirty feet 
wide, cutting through snndBtoue. 

 TOI ICE. Alight, spongy, fibrous form of trndiyle. &c p. 460. 
Pniox~sic-ro~~in'n~, same os nugitic-porphyry, pyroxene being IIniiy'a name for 

sCO- fign, volcanic cinders; reddish brown or black porous form of lava. 
See p. 469. 

S E B ~ ~ ~ ~ ~ ~ ~  A greonisli rock in winch there is much mngnesin. Ite composition 
nlwnys nppronclies very nenr to the minernl cnllcd nolilo serpontinu" 
(seel'able ofAyalyses,p. 4701, which formsveins in this rock. The mine- 
rals moat commonly found in Scrpen tine nro dinllage, garnet, chlorite, 
oxvduloua iron, nud clironiatfi of iron. The ditillngu and garnet occurring 
in aorpentino nro richer in magnesia than when they aro crystallized in 
other rock?, tffeltsse AMI. des M i ~ t e ~ ,  1851, torn. xviiL p. 309). Occurs 
some times, though rarely, in dikes, a1 tcring tlic contiguous strata; is in- 
din'ercutly n member of the inippcon or liypogciio series. Its absence 
from recent volcanic products ~coms to imply thnt it belongs properly to 
tho mctaniorphic clrlfis; rind, even when it is found in dikes cutting 
through nqiicous formntioiw, it mny bo nn nltcred bnstilf) winch abounded 
greatly in olivine, 

T~nmca; syaouymous with lava. Kame proposed by Alox Bronguiart. 
T o i ~ s i o x ~ .  A locd name in Dwbysliire fur n kind of wiicls6, which 8W. 

T n ~ c i m ~ .  Chiefly composed of ginsty fclapnr, with crystals of ginesy felspar. 
See D. 400. 

TUFF. See p. 41 0. 
Truss. A kind of tuff or mud poured out by labe-crnters during oruption6 ; 

common in tlio Eifcl, in Gcrmnny. 
&. T~ap-tuR volcanic lufl'. See p. 410. 

TITIBEIIUS LAVA. Sce Pit clishnc mill Obsidian. 
VO~CMIK) TUFF. &e p. 410. 

A soft nnd cortliy virility of trnp, hiving nil argillaceous aspect. It 
~ Q ~ Q ~ M C S  i~idurotcd city, and wlim ecratclied, exhibits a shining ttreak. 

W m m ~ ~ ~  A S c o l A  provincial term for grecti~tono md other l m d  trap mcka. 
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ANALYSIS OF MINERALS MOST ABUNDANT IN TIlE VOLCANIC AND

HYPOGENE ROCKS.

Silica mitim neslu. Lime. Potash. Soda. Iron
Oxide.

Man- I

gatieee.1
Remainder.

Acflnollto (Bergman) . - - 64 - - 22-
Auglto, black. of volcanic rocks 4800 500 875 21,00 - - lo-SO 1-00
(K Jnprot 10.

Carbonate or limo (Blot) 5.33 4305 C.
Chiaslolito (Landgrabo) &851J 3011 113 UT W.
CblorIIo (Kobell) ""311417"14 3"4() . _ 333 4)53 12,20 \V.

(1)elcaso) 35.4 lt)Ll 0,46 " 19,99 traces 115W.
or St. Gotthardt. (Varren 25-3 25.79 11U'.) 74) . - 8,96 W.

trnpp).
Dialingo ofoupliotido (Delcsso) - 49.30 550 1761 1513 - " - 9,43 051 c 0185 W.

0"30 Ch.
of bronzlto from the Tyrol 56-81 207 29'63 220 " . - 816 O62 022 W.

(Kililer).
Epldoto (Vauquelin) . . 21, . - 15 " - - 24-1*5
Feispar, common (Rose) - 6615 115 " . P25 12 . - 0,75

(Dc1esc) - 6491 1916 005 015 1L07 219 traces
Albito (Rose) 6S84 0-5:4 - - a trace - 912

of a imrphyry from 7150 Is-so 0-50 113 316 5-04 traces
the Vosges (Delesse).

Andcaine. or syculto from 5&91 2459 0140 4,01 253 759 099
the Vosges (Delesso).

Labradorito (Klaprotb) - M-75 '5 fl . " 4 .25 . " 015 W.
of Verdo nutiqee 5320 2731 101 802 310 362 P03

(Delesse).
oligocinse. of protogino 6325 2&92 032 323 231 688 traces

from Sioni Blanc (DelC5sc)
Oligociaso of Arondal 0287 22'91 traces 3,61 139 816 P80

(Scheerer).
Garnet (Kiaproth) 35.75 7.35-(L'hllIips) . - 43 16 - 20 - - . to-
Bomblondo (Kinproth) - 42. 12 2,25 LP a trace - - 34J 0Z5

(liousdoril) - - 4519 2-15 18,79 1385 . - 7,32 022 15 F.
of orbicular diorito 47-58 8-25 18,40 71)5 014 065 1615 traces 1,501053.

from Corsica (Doteese).
Tlyperstheno (Kiaproth) - - 5$25 225 14 1'S . 24-5 a trace 1' W.
Leucite (Kiaproth) - 53-75 2462 . " - 2P35
3lnlacolico or Sahilto, green (Do 1,38 14-95 21,72 " - - 8,53

lesse).
Mesotype (Geblen) - 1910 - " P61 - - 151)9 - - - " o" w.

(Iicrzellus) - - - 46-So 2-so - - 987 - 5.44) - - . 1230 W.
Mica (Kiuproth) . - - 42.5 11"5 9. " - 10 . - 2'- (Vauquelin) - _ . 54). 35. . . P33 . 7-
- black (II. Rose) - 401)0 1267 01)3 . - 561 - - 191)3 S. 1510 c 11)3T.

2O0 F.
-green, ofprotoglno (Dolesse) - 4122 131)2 470 268 61)5 P40 C2P31 S.

5"03 1' 1.09 1,58 F.
01)0 loss.

-reddish, of crystalline limo 3754 1980 3032 010 717 1-00 P61 010 0,22 F.
i-statone (Dolesso). L.

-rose-colored, of granite (C 401)6 33-61 011 419 - 1"40 35 F.
I OiL P.Gmolin). 1 -P18 loss.

-white, of pegmatite (Dolease 46Z3 331)3 2-10 - - 8S7 P45 318 S. traces 412
Ollviiio (IlerzolIus) - . . 10-54; . - 47.35 - - . - 11-72 O-.13
-(Kiaproib) - . - 35.5 0-25 - . 12-

in meteoric atones (Kiap 4(1) - . 331) 18-6
roth)..

Serpentine (Uisingor) . - - 43-07 025 40,37 01) - " - 117 - - 1215W.
abestiiorm (Delesse) - 4158 012 42G1 . - - 1169 1310 W.- common (Deleeso) - 40-83 0-92 37.03 11)0 - - - - 7.39 traces 10-70 \V.

Steatite (Dolesse) . . - - 61*85 . . 3L3 - - . - P41) - 522 \V.
(Vauquclin) - OP " - 22- ---------------------------------------3. - - W.

tire (flelosso) ..............................................3L1)8 ......................................110 - " 383 \V.
-laprotb) - - - 61-75 - - 30-6 - - 275 - 2.5

1 0-12 P.
Tourmaline or Schorl, black, of 371)0 3309 2-58 O65 1-39 {

9 .3.3 S. 7-6611.
204) 1088.granite from Devon (Rammole- 1-49 F.

berg). I 022 Ph.
I 315611.- -red. of granite from Mo- 4110 4183 061 - 217 127 - 97S. 04I Ii.

ravia (Rainmelsberg). I 210 F.
I.. 317 loss.

Tourmaline (GmoIlu) - 35.43 34.75 4.58 - - 018 115 1714 1.80 402 B.

In the lest column of the above Table, the following signs are used: B. Boracle acid, C. Carbonic acid
Ch. Oxide of Chrome, F. Fluoric acid, b. Lithino, p Phosphoric acid, T. Oxhic of Titanium, W Water
in the 7th column of numbers, p. means I'rotoxidc, and S. Susquioido.
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TRAP DIKES. Ca. XXLX.

CHAPTER X.Xa.

VOLCANIC ItOCKS-COflhiflned.

Trap dikes__sonictilnes project-sometimes leave fissures vacant by decomposi-

tion-Branches and veins of trap-Dikes more crystalline in the centre

Strata altered at or near the contact-Obliteration of organic remains-Con

version of chalk into marble-Trap interposed between strata-Columnar and

globular structure-Relation of trappean rocks to the products of active vol

canoes-Form, external structure, and origin of volcanic mountains-Craters

and Calderas-Saudwich Islands-Lava flowing uudergrountl-Truncation. of

cones-Javanese calderns-Canary Islands-Structure and origin of the Cal-

dera of Palma-Older and newer volcanic rocks in, unconformnblc--Aqucous

conglomerate in Pahna-Hypothesis of upheaval considered-Slope on which

stony lavas may form-Extent and nature of aqueous erosion in Palma-leland
of St. Paul in the Indian Ocean-Peak of TencrilTe, and ruins of older cone
Madeira-Its volcanic rocks, partly of marine, and partly of subaerial origin
Central axis of eruptions-Varying dip of solid htvas near the axis, and further
from it-Leaf-bed, and fossil land-plants-Central valleys of Madeira not
craters, or calderas.

HAVING in the last chapter spoken of the composition and mineral
characters of volcanic rocks, I shall next describe the manner and position
in which they occur in the earth's crust, and their external forms. The
leading varieties both of the basaltic and trachytie rocks, as well as of
greenstone and the rest, are found sometimes in dikes penetrating strati
fied and unstratified formations, sometimes in shapeless masses protruding
through or overlying them, or in horizontal sheets intercalated between
strata.

Volcanic or trap dikes.-Fissures have already been spoken of as oc
curring in all kinds of rocks, some a few feet, others many yards in width,
and often filled up with earth or zuigular pieces of stone, or with sand and
pebbles. Instead of such ma
terials, suppose a quantity of FIg. 624.
Melted stone to be driven or ".
injected into an open rent, and i
there consolidated, we have then _:

- - I
a tabular mass resembijun. a --

J
'vail, and called a trap dike I I ;ri. IIt IS not uncommon to find such Li
dikes passing through strata of
soft materials, such as tuft,
bCOi ie, or shale, which, beingmore perishable than the trap,

- r.
are often washed away by the

"
Diko in vaUoy1 near JJrnz Head, Mndeir&
(From a drawing or Capt. Basil Hall, B. N.)
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case the dike stands prominently out in the face of precipice; or on the
level surface of a country.

In the islands of Arran and Skye, and in other parts of Scotland, where

sandstone, conglomerate, and other hard rocks are traversed by dikes

of trap, the converse of the above phenomenon is seen. The dike,

having decomposed more rapidly than the containing rock, has once
more left open the original fissure, often for a distance of maui yards
inland from the sea-coast, as represented Fig. 625.
in the annexed view (fig. 625). In these
instances, the greenstone of the dike is

usually more tough and hard than the
sandstone; but chemical action, and

chiefly the oxidation of the iron, has
-
--

There is yet another case, by no means
uncommon in Arran and other parts of




-

given rise to the more rapid decay.

Scotland, where the strata in contact with
the dike, and for a certain distance from =
it, have been hardened, so as to rsist the

action of the weather more than the dike

itself; or the surrounding rocks. When




Fissures left vacant by decomposedthis happens, two parallel walls of indu- Skye. (MacCut.
rated strata are seen protruding above loc

the general level of the country and following the course of the dike.

As fissures sometimes send off branches, or divide into two or more
fissures of equal size, so also we find trap dikes bifurcating aud ramifying,
and sometimes they are so tortuous as to be

Fig. 626.
called veins, though this is more common .
in granite than in trap. The accompany-




III

ing sketch (fig. 626) by Dr. MacCulloch

represents part of a sea-cliff in Argyleshire,
where an overlying mass of trap, b, sends
out some veins which terminate downwards.
Another trap vein, a a, cuts through both

athe limestone, c, and the trap, b.
Trap veins in Alrdnamurohau.

In fig. 027, a ground plan is given of a

ramifying dike of greonstone, which I observed cutting through sandstone

on the beach near Kildonan Castle, in Arrau. The larger branch varies

Fig. 021.

Ground plan of grecnstone dike traversing sandstone. Arran.







VARIOUS FOBXS 'OF 

from 5 to  7 feet in width, which will nfl'ord a scale of measurement for 

Every variety of trap-rod; is sonielimcs found in dikes, b f i d  f, green- 
stone, felspiir-porp~ry, nn i  t ~ ~ d i y t c -  amygdnloidal traps also 
occur, though more rarely, and even tuff ."ind brcccin, for tho mnterinh of 
tlicse last may be washed down into open f i s s ~ ~ s  at bottom of the 
wn, or during eruptions on tlia land may 1)0 showered into them. from 
tho nil". 

Some (likes o f  trap niny be followed for leagues uninterruptedly ID 
nearly a straight direction, as in the north of England, showing that the 
fissures which they fill must have been of extraordinary length. 
In mmy cases trap at the edges or sides of the dike is less crystalline 

or inow t t i r t l y  t11m in tlic centre, in consequence of the melted matter 
Iinving cooled more rapidly by coiiiing in con tact with the cold sides of 
tl1u fissure ; whereas, iu tlro cciitre, where the mnttcr of the dike is kept 
Iongcr in n fluid or soft state, crystals are slowly formed. But I olisenred 
tlro converse of (lie above phenomena in Tcnerifte, in tlio neigliborliood 
of Smta Cruz, where a d i l i ~  is seen cutting through horizontal beds 
of s~or i re  in the sea-cliff near tho Barranco dc Bufadero. It is ver- 
tical in its main direction, slightly flexÃ§ous but nbout one foot 
thick. On each side am walls of compact basalt, but in tile centre 
the rode is highly vesicular for a width of about 4 inches. In 
this instance, the fissure may hnvo become wider after tho lava o n  
tach side hnd consolidated, nnd the ndclitionnl melted matter poured 
into middle space mny havo cooled uioro rapidly tlinn that at 
the sides. 
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enters mica-schist. Fig. 629 rep- Fig. 029.

resents a ground plan, where the SycnlLic grconstonodike ofNsodden,

(like appears 8 paces in width. In
the middle it is highly crystalline
and gramtiform, of a purplish color, >

/

and containing a few crystals of
mica, and strongly contrasted with /

-
j. >

'
1VN

the whitish mica-schist, between
which and the syonitie rock there
is usually on each side a distinct L '

Grc"n- Svenlth, Green
black band, 18 inches wide, of stone. "roek. stone.
dark greenstone. When first seen b. Imbedded fragment of crystalline scliist stir

these
by a band ofgrcentone.

these bands have the appearance
of two accompanying dikes; yet they are, in fact, only the different
form which the syenitic materials have assumed where near to or
in contact with the mica-schist.. At one point., a, one of the sahibands
terminates for a space; but near this there is a large detached
block, b, having a gneiss-like structure, consisting of hornblende and

feispar, which is included in the midst of the dike. Round this a
smaller encircling zone is seen, of dark basalt., or fine-grained greenstone,
nearly corresponding to the larger ones which border the dike, but only
one inch wide.

It seems therefore evident that the fragment, b, has acted on the mat
ter of the dike, probably by causing it to cool more rapidly, in the same
manner as the walls of the fissure have acted on a larger scale. The
facts also illustrate the facility with which a granitiform syenite may
pass into ordinary rocks of the volcanic family.
The fact above alluded to, of a foreign fragment, such as b, fig. 629,

included in the midst of the trap,




FIg6o.
as if torn oil from some subjacent
rock- or the -walls of a fissure, is rcT7ifIi 01~

t

by no means uncommon. A fine

eunple is seen in another dike / II \
of gteenstone, 10 feet wide, m




10
the northern suburbs of Clii is- rr

I
'I

tiama, in Not-way, of which the
antieed figut 0 is a ground l)1111 : -
The dike pQS through hiale,
known by its fossils to belong




Greenstono (like, with frn-ments of gneiss.

to the Silurian series. In the
black base of greenstonc are angular and roundish pieces of gneiss, some

white, others of a light flesh-color, some without lamination, like granite,
others with lamin[e, which, by their various and often opposite direc

tions, show that they have been scattered at rruidoii through the
matrix. These imbedded pieces of gneiss measure from 1 to about S
inches in diameter.

Rock, allered volcanic di'e$.-After these remarks on the form
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and composition of dikes themselves, I shall describe the alterations which

they sometimes produce in the rocks in contact with them. The changes

are usually such as the intense heat of incited matter and the entangled

gases might be expected to cause.

PlaS.LVCW!/dd.A striking example, near Plas-Newydd, in Anglesea,

has been described by Professor Ucuslow.* The dike is 134 feet wide,

and consists of a rock which is a compound of feispar and augite (do

]elite of some authors). Strata of shale and argillaceous limestone,

through which it cuts perpendicularly, are altered to a distance of 30, or

even, in some places, to 35 feet from the edge, of the dike. The shale,

as it approaches the trap, becomes gradually more compact, and is most.

indurated where nearest the junction. Here it loses part of its schistose

structure, but the separation into parallel layers is still discernible. In

several places the shale is converted into hard iorcell1i1ous jasper. In

the most hardened part of the mass the fossil shells, principally Product;,
are nearly obliterated; yet even here their impressions may frequently be

traced. The argillaceous limestone undergoes analogous mutations,

losing its earthy texture as it approaches the dike, and becoming granular
and crystalline. But the most extraordinary phenomenon is the appear
ance in the shale of numerous crystals of analcime and garnet, which are

distinctly confined to those portions of the rock affected by the dike.t
Some garnets contain as much as 20 per cent, of lime, which they may
have derived from the decomposition of the fossil shells or Producti.
The same mineral has been observed, under very analogous circumstances,
in High Teesdale, by Professor Sedgwiek, where it also occurs in shale
and limestone, altered by basaiLt

-Antrim.-In several parts of the county of Antrim) in the north of
Ireland, chalk with flints is traversed by basaltic dikes. The chalk is
there converted into granular marble near the basalt., the change some
times extending 8 or 10 feet from the wall of the dike, being greatest
near the point of contact, and thence gradually decreasing till it becomes
evanescent. Is The extreme effect," says Dr. Berger, "presents a dark
brown crystalline limestone, the crystals running in flakes as large as
those of coarse primitive (metamorphic) limestone; the next state is
saccharine, then fine-grained and arenaccous; a compact variety, havinga porcellanous aspect and a bluish-gray color, succeeds: this, towards the
outer edge, becomes yellowish-white, and insensibly graduates into the
unaltered chalk. The flints in the altered chalk usually assume a gray
yellowish color." All traces of organic remains are efihccd in that partof the limestone which is most crystalline.
The annexed drawing (fig. 631) represents three basaltic dikes tra

versing the chalk, all within the distance of 90 feet. The chalk contiguous to the two outer dikes is converted into a finely granular marble, n rn,as are the whole of the masses between the outer dikes and the central

Cambridgo Transactions vol. i. p. 402. t Ibid. vol. 1. p. 410.Ibid. vol. ii. p. 175.
Dr. Berger Geol. Trans. 1st series, vol. iii. p. 172.
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Fig. 631.

tn /...............1




1
CAtr% 711 in ("i'

Dike 35 feet. II Dike 120 ft.
I loot.

Basaltic (likes In chalk in Island of Rathlln, Antriin.
Ground plan, as seen on the beach. (Cirnybearo and Buckland.*)

one. The entire contrast in the composition and color of the intrusive
and invaded rocks, in these cases, renders the phenomena peculiarly clear
and interesting.

Another of the dikes of the northeast of Ireland has converted a mass
of red sandstone into hornstone. By another, the shale of the coal-meas
ures has been indurated, assuming the character of flinty slate; and in
another place the slate-clay of the Lias has been changed into flinty
slate, which still retains numerous impressions of ammonites.f

It might have been anticipated that beds of coal would, from their
combustible nature, be affected in an extraordinary degree by the contact
of melted rock. Accordingly, one of the greenstone dikes of Antrim, on

passing through a bed of coal, reduces it to a cinder for the space of

9 feet on each side.
At Cock-field Fell, in the north of England, a similar change is observed.

Specimens taken at the distance of about 30 yards from the trap are not

distinguishable from ordinary pit-coal; those nearer the dike are like cin
ders, and have all the character of coke; while those close to it are con
verted into a substance resembling soot.t
As examples might be multiplied without end, I shall merely select

one or two others, and then conclude. The rock of Stirling Castle is a
calcareous sandstone, fractured and forcibly displaced by a mass of green
stone which has evidently invaded the strata in a melted state. The

sandstone has been indurated, and has assumed a texture approaching to

horustone near the junction. In Arthur's Seat and Salisbury Crag, near

Edinburgh, a sandstone which comes in contact with greenstone is con
verted into a jaspideous rock.
The secondary sandstones in Skye are converted into solid quartz in

several places, where they come in contact with veins or masses of trap;
and a bed of quartz, says Dr. MacCulloch, found near a mass of trnp,
among the coal strata of Fife, ws in all probability a stratum of ordinary
sandstone, having been subsequently indurated and turned into quartzite
by the action of heat.

But although strata in the neighborhood of dikes are thus altered in

* Gaol. Trans. 1t series, vol. iii. p. 210 and plate 10.
t Ibid. p. 213; and Mayfair, Must. of HuLL Theory, s. 258.
1 Sedgwick, Camb. Trans. vol. ii p. 37.
§ Syst. of Geol. vol. i. p. 206.
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a variety of cases, shale being turned into flinty slate or jasper, limestone

into crystalline marble, sandstone into quartz, doal into coke, and the

fossil remains of all such strata wholly and in part obliterated, it is by no

means uncommon to meet with the same rocks, even in the same dis

tricts, absolutely unchanged in the proximity of volcanic dikes.

This great inequality in the effects of the igneous rocks may often arise

from an original difference in their temperature, and in that of the entan

gled gases, such as is ascertained to prevail in different lavas, or in the

same lava near its source and at a distance from it. The power also of

the invaded rocks to conduct heat may vary, according to their composi
tion, structure, and the fractures which they may have experienced, and

perhaps, also, according to the quantity of water (so capable of being
heated) which they contain. It must happen in some cases that the com

ponent materials are mixed in such proportions as prepare them readily to
enter into chemical union, and form nc? minerals; while in other cases
the mass may be more homogeneous, or the proportions less adapted for
such union.
We must also take into consideration, that one fissure may be simply

filled with lava, which may begin to cool from the first; whereas in
other cases time fissure may give passage to a current of melted matter,
which may ascend for days or months, feeding streams which are over
flowing the country above, or are ejected in the shape of scorke from
some crater. If the walls of a rent, moreover, are heated by hot vaporbefore the lava rises, as we know may happen on time flanks of a volcano,
the additional caloric supplied by the dike and its gases will act more
powerfully.

Intrusion of trap between strata.-In proof of the mechanical force
which the fluid trap has sometimes exerted on the rocks into which it
has intruded itself; r may refer to time Wimin-Sill, where a mass of basalt,
from 60 to 80 feet in height, represented by a, fig. 632, is in part

Pig. 682.

!:e1o .c i11(1 e

Trap Interposed between ilispinceil beds of lknvstono an s1,tio1 nt WhiteForce, High Tecsttn1, Durhnu,. (Setigwlck.")

wedged in between the rocks of hilnestomme, b, and shale, c, which havebeen separated from the great mass of himestonc and shale, ci, with whichthey were United.




* Camlj. Trims. vol. ii. p. 180.
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The shale in this place is indurated; and the limestone, which at a
distance from, the trap is blue, and contains fossil corals, is here converted
into granular marble without fossils.
Masses of trap are not unfrcquently met with intercalated between

strata, and maintaining their parallelism to the planes of stratification

throughout large areas. They must in some places have forced their

way laterally between the divisions of the strata, a direction in which there
would be the least resistance to an advancing fluid, if no vertical rents
communicated with the surface, and a powerful hydrostatic pressure were
caused by gases propelling the lava upwards.

(Jolumnar and globular structure.-One of the characteristic forms
of volcanic rocks, especially of basalt, is the columnar where large masses
are divided into regular prisms, sometimes easily separable, but in other
cases adhering firmly together. The columns vary in the number of

angles, from three to twelve; but they have most commonly from five to
seven sides. They are often divided transversely, at nearly equal dis
tances, like the joints in a vertebral column, as in. the Giant's Causeway,
in Irelandt They Vary exceedingly in respect to length and diameter.
Dr. MacCulloch mentions some in Skye which are about 400 feet long;
others, in Morven, not exceeding an inch. In regard to diameter, those
of Ailsa measure 9 feet, and those of Morven an inch or less.* They are

usually straight, but sometimes curved; and examples of both these occur
in the island of Staffli. In a horizontal bed or sheet of trap the columns
are vertical; in a vertical dike they are horizontal. Among other exam

ples of the last-mentioned phenomenon is the mass of basalt, called the

Chimney, in St. H1ena (see fig. 633), a pile of hexagonal prisms, 64 feet

Fig. 633.




Fig. 634.

Small portion or tho dyko
in Fig 638.

high, evidently tli remainder of a narrow dike, the walls of rock which
the dike originally traversed having been removed down to the level of

11 MacCaL Sya. of Geol. Vol. ii. p. :131.

Volcanic (ykO composed of hon.
zontal prisms. St. Helena.







Tiff. 635. 

1- 

L Ã ˆ V  o r b  coupe L I ~ A ~ Z ~ C ,  BOW AU tmlg~o, IU tho province of &acehe. 

the points where a lateral torrent joins the main valley of the Volant. 
It is clear that the lava once filled tlie whole valley up to the dotted 
Hue d a;  but the river has gradually swept away all below that line, 
while tho tributary torrent has laid open a transverse section ; by which 
we perceive, in the first place, tlint tlm lava is composed, ns usual in this 
country, of three parts: tho uppermost, nt a, being scorinceous; tho 
second, 6, presenting irregular prisms ; and the third, c, with regular cd- 
umns, which are vertical on tlio banks of tho Volant, where they rest on a 
horizontal base of gneiss, but which lire inclined at an angle of 45Â at g, 

are horizontal fit/, their position having been everywhere determined, 
according to the law before montionctl, by the concave form of the or@- 
nal valley. 
In the annexed figure (636) a view i s  given of some of the inclined and 

curved columns winch, present themselves on tlio sides of the vnllcys in 
tho hilly region north of Viccnza, in Italy, find. nt tho foot of the high'er 

Unlit0 thoso of the Vivarnis, last mentioned, the basalt of this 
country evidently submarine, nnd tho present ~ a l l e ~ s  h avo since been 
hollowed out by denudation, 
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The columnar structure is by no means Fig. 680.

peculiar to the trap rocks in which augite
abounds; it is also observed in chnkstone,
trachite, and other feispathic rocks of the

igneous class, although in these it is rarely
exhibited in such regular polygonal forms.

It has been already stated that basaltic ..
columns are often divided by cross joints.

.
.

Sometimes each segment, instead of an

angular, assumes a spheroidal form, so that /

a pillar is made U of a pile of balls, usually
flattened, as in the Cheese-grotto at Bert- ..
rich-Baden, in the Efel, near the Moselle Columnar basalt in tho Vicontin.
(fig. 037). The basalt there is part of a (Fcrtis.)
small stream of lava, from 30 to 40 feet thick, which has rocceded from
one of several volcanic craters, still extant on the neighboring heights.

Fig. 637.

Basaltic pillars of the Kisegrotto, Bertricb-Bculen, half wy between Troves and Coblantz.
height of grotto, from 7 to S feet

The position of the lava bordering the river in this valley might be repre
sented by a section like that already given at fig. 035, if we merely sup

posed inclined strata of slate and the argillaceous sandstone called grey
waekô to be substituted for gneiss.

In some masses of decomposing greenstone, basalt, and other trap rocks,

the globular structure is so conspicuous that the rock has the appearance
of a heap of large cannon balls. According to the theory of M. Delesse,

the centre of each spheroid has been a centre of crystallization, around

which the different minerals of the rock arranged themselves symmetri

cally during the process of cooling. But it was also, he says, a centre of

contraction, produced by the same cooling. The globular form, therefore,
of such spheroid.,; is the combined result of crystallization and contraction.*

* Delesse, sur les Roches Globuleuses, Ii. do In Soc. G(ol. de France, 2 ser.
torn. iv.
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A striking example of this structure Occurs in a resiiious trachyte or

pitcbstone-poiin
one of the Pouza islands, which rise from the

Mediterranean, off the coast of Terracina and Gacta. The globes vary

from a few inches to three feet in diameter,
-- -' Fir.GS.

(see fig.and are of an ellipsoidal form (see hg. 63S).

The whole rock is in a state of decomposi

tion, and when the balls," says Mr. Scrope,

have been exposed a short time to the

weather, they scale off at a touch into nu- >.

mcrous concentric coats, like those of a

bulbous root, inclosing a compact nucleus.

The lain -e of this nucleus b-, -e not been f/,ffJ
so much loosened by decomposition; but

application of a ruder blow will prothe
duce a still further exfoliation.?*

A fissile texture is occasionally assumed

by cBnkstone and other trap rocks, so that

they have been used for roofing houses.

Sometimes the prismatic and slat)' struc

ture is found in the same mass. The causes
which give rise to such arrangements are

obscure, but ire supposed to be con-
UCeLCU W1LU enauges Of W111peraLure during
the cooling of the mass, as will be pointed out in the sequel.
xxxv. and xxxvi.)




(See chaps.

Relation of Trappean Rocks to the products of active Volcanoes.

When we reflect on the changes above described in the strata near
their contact with trap dikes, and consider how complete is the analogy
or often identity in composition and structure of the rocks called trappean
and the lavas of active volcanoes, it secms difficult at first to understand
how so much doubt could have prevailed for half a century as to whether
trap was of igneous or aqueous origin. To a certain extent, however,
there was a real distinction between the trappean formations and those
to which the term volcanic was almost exclusively confined. A large
portion of the trappean rooks first studied in the north of Germany, and
in Norway, Prance, Scotland, and other countries, were such as had been
formed entirely under water, or had been injected into fissures and intruded
between' strata, and which had never flowed out in the air, or over the
bottom of a shallow sea. When these products, therefore, of submarine
or subterranean igeous action were contrasted with loose cones of scori,
tuft', and lava, or with narrow streams of lava in great part scoriaceous
and porous, such as were observed to have proceeded from Vesuvius and
Etna, the resemblance seemed remote and equivocal. It was, in truth,

*
Scrope, Geol. Trans. 2d series, vol. ii. p. 205.

C Iubform pIte1tcii. Chkija di
Luna1 Isle of Ponzn. (Scrope.)
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like comparing the roots of a tree with its leaves and branches, which,

although they belong to the same plant., differ in form, texture, color,
mode of growth,. and position. The external cone, with its loose ashes
and porous lava, may be likened to .the light foliage and branches, and
the rocks concealed far below, to the roots. But it is not enough to say
of the volcano,




"quantum vertico in auras
iEtherias, tantuin ra(lice in Tartara tendit;,"

for its roots do literally i'eaca downwards to Tartarus, or to the re

gions of subterranean fire; and what is concealed far below is probably
always more important in volume and extent than what is visible above

ground.
We have already stated how frequently dense masses of strata have

been removed by dcuudat.ion from wide areas (s chap. vi.); and this
fact prepares us to expect a similar destruc
tion of whatever may once have Ibrined the 639.

uppermost part of ancient submarine-orsubIt
aerial volcanoes, more cspecially as those

superficial part; are always of the lightest
and most perishable materials. The abrupt
manner in which dikes of trap usually ter
minate at the surface (see fig. 639), and
the water-worn pebbles of trap in the allu- '

viuin which covers the dike, prove
Strata Intercepted by a trnp dike, and

covered Av-ith alluvium.
testably that whatever was uppermost in
these formations has been swept away. It is easy, therefore, to conceive
that what is gone in regions of trap may have corresponded to what is
now visible in active volcanoes.

It will be seen in the following chapters, that in the earth's crust
there are volcanic tuft of all ages, containing marine shells, which bear
witness to eruptions at many successive geological periods. These tuffs,
and the associated trappean rocks, must not be compared to lava
and scorize which had cooled in the open air. Their counterparts must.
be sought in the products of modern submarine volcanic eruptions.
If it be objected that we have no opportunity of studying these last,
it may be answered, that subterranean movements have caused, al
most everywhere in regions of active volcanoes, great changes in the
relative level of land and sea, in times comparatively modern, so as
to expose to view the effects of volcanic operations at thà bottom of
the sea.

Thus, for example, the examination of the igneous rocks of Sicily,

especially those of the Val di Noto, has proved that all the more ordi

nary varieties of European trap have been there produced under the
waters of the sea, at a modern period; that is to say, since the Mediter
ranean has been inhabited by a great proportion of the existing species of
testacen.
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These igneous rocks of the Va! di Noto, and the more ancient ti-appear

rocks of Scotland and other countries, differ from subaerial volcanic for

mations in being more compact and heavy, and in forming sometimes

extensive sheets of matter intercalated between marine strata, and some

times stratified conglomerates, of which the rounded pebbles are all trap.

They differ also in the absence of regular cones and craters, and in the

want of conformity of the lava to the lowest levels of existing valleys.

It is highly probable, however, that insular cones did exist in some

parts of the Val di Noto ; and that they were removed by the waves,

in the same manner as the cone of Graham Island, in the Mediterra

nean, was swept away in 1631, and that of Nyoe, off Iceland, in

1183.* All that would remain in such cases, after the bed of the

sea has been upheaved and laid dry, -would be dikes and shapeless
masses of igneous rock, cutting through sheets of lava which may have

spread over the level bottom of the sea, and strata of tuff, formed of ma

terials first scattered far and wide by the winds and waves, and then (IC

posited. Conglomerates also, with pebbles of trap, to which the action
of the waves must give rise during the denudation of such volcanic
islands, will emerge from the deep whenever the b6ttom of the sea be
comes laud. The proportion of volcanic matter which is originally sub
marine must always be very great, as those volcanic vents which are not

entirely beneath the sea are almost all of them in islands, or, if on conti
nents, near the shore.
As to the absence of porosity in the trapilean formations, the appear

ances are in a great degre deceptive, for all ninygdaloids are, as already
explained, porous rocks, into the cells of which mineral matter such as
silex, carbonate of lime, and other ingredients have been subsequently
introduced (see p. 409); sometimes, perhaps, by secretion during the
cooling and consolidation of lavas.

In time Little Cumbray, one of the Western Islands, near Arran, the
amygdaloid sometimes contains elongated cavities filled with brown spar;
and when the nodules have been washed out, the interior of the cavities
is glazed with the vitreous varnish so characteristic of the pores of
slaggy lavas. Even in some parts of this rock which are excluded from
air and water, the cells are empty, and seem to have always remained
in this state, and are therefore undistinguishable from some modern
lavas4

Dr. MacCulloch, after examining with great attention these and
the other igneous rocks of Scotland, observes, "that it is it I11CJU
dispute about terms, to refuse to the ancient eruptions of trap the
name of submarine volcanoes; for they are such in every essential
point, although they no longer eject fire and smoke." The sameauthor also considers it not improbable that some of the volcanic

* See Princ. of Geol., Index, "0 rahani Island," "NyOc," "Conglomerates, volcanic," &c.
t MacCulloch, West. Islands, vol. ii. p. 487.

Syst. of Geol. vol. II. p. 114.
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rocks of the

air.




same country may have been poured out in the open

Although the principal component minerals of subaerial lavas are the
same as those of intrusive trap, and both the columnar and globular
structure are common to both, there are, nevertheless, some volcanic

rocks which never occur in currents of lava, such as greenstolie, the

more crystalline porphyries, and those traps in which quartz and mica

appear as constituent In shorts the intrusive trap rocks, forming
the intermediate step between lava and the plutomo rocks, depart in

their characters from lava in proportion as they approximate to granite.
These views respecting the relations of the volcanic and trap rocks will

be better understood when the reader has studied, in the 33d chapter,
what is said of the phitonic formations.

EXTERNAL FORM, STRUCTURE) AND ORIGIN OF VOLCANIC MOUNTAINS.

The origin of volcanic cones with crater-shaped summits has been allu
ded to in the last chapter (p. 462), and more fully explained in the

"Principles of Geology" (chaps. xxiv. to xxvii.), where Vesuvius, Etna,

Santorin, and Barren Island are described. The more ancient portions of

those mountains or islands, formed long before the times of history, ex

hibit the same external features and internal structure which belong to

most of the extinct volcanoes of still higher antiquity ; and these last have

evidently been due to a complicated series of operations, varied in kind

according to circumstances: as, for example, whether the accumulation
took place above or below the level of the sea; whether the lava issued
from one or several contiguous vents; and, lastly, whether the rocks re

duced to fusion in the subterranean regions happen to have contained

more or less silica, potash, soda, lime, iron, and other ingredients.
\Ve are best acquainted with the effects of eruptions above water, or

those called subaerial or supramaline; yet the products even of these are

arranged in so many ways that their interpretation has given rise to a

variety of contradictory opinions, some of which will have to be con

sidered in this chapter.
Craters and C'aldcras, Sandwich Islands.-We learn from Mr. Dana's

valuable work on the geology of the United States' Exploring Expedition,
published in 1840, that two of the principal volcanoes of the Sandwich

Islands, Mounts Loa and Kea in Ovyhee, are lingo flattened volcanic
cones, about 14.000 fc'ct high (see fig. 640), each equalling two and a half
Etnas in their diniensious.
From the summits of these lofty though featureless hills, and from

vents not far below their summits, successive streams of lava, often
2 mites or more in width, and. sometimes 26 miles long, have flowed.

They have been poured out one after the other, some of them in recent
tunes, in every direction from the apex to the cone, down slopes varying

* Syst. of Geol. voL ii. p. 114.
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Fig. 610.
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Muunt Lo; in the Sandwich Islands. (Dana.)
a. Crater at the stunmiL b. The lateral crater of Kilanea.

The dotted lines indicate a suppocd cohnnfl ofsolid rock caused by (ho lava consolidating alter
eruptions.

on an average from 4 degrees to S degrees; but in some places consider

ably steeper. Sometimes deep rents are formed on the sides of these

conical mountains, which are afterwards filled froiii above by streams of

lava passing over them, the liquid matter in such cases consolidating in

the fissures and forming dikes.

The lateral crater of Kilauca, b, fig. 040, is 3970 1eL above limo lev'l

of time sea, or about the same height as Vesuvius. It is tin immense

chasm, 1000 feet deep, and its outer circuit no less than from two to

three miles in diameter. Lava is usually seen to boil up at the bottom

in a lake, the level of which alters continually, for the liquid rises and

falls several hundred feet, according to the active or quiescent state of the

volcano. But. instead of overflowing the rim of time crater, as conunonly

happens in other vents, the column of iuejted rock, when its pressure
becomes excessive, forces a passage through some subterranean galleries
or rents leading towards the sea. Mr. Coan, an American missionary,
has described an eruption which took place in June, 1840, when the lava

which had risen high in time great chasm began to escape from it. Its
direction was first recognized by the emission of a vivid light from the
bottom of an ancient crater, called Arare, 400 feet deep and 6 miles to
the eastward of Kilauea. The connection of this light with the discharge
or tapping of the great reservoir was proved by a change in the level of
the lava in Kilauca, which sank gradually for three weeks, or until (lie

eruption ceased, when time hake stood 400 feet. lower than at the corn
inencernent of the outbreak. The passage, therefore, of the fluid matter
from Kilauea to Arare was underground, and it is supposed by Mr. Coan
to have been at its first outflow 1000 feet deep below the surface. Time
next indication of 'the subterranean progress of 'the SmUflO lava was
observed a mile or two from Arare, where time fiery flood broke out. and
spread itself superficially over 0 acres of )and, and then again found its
way underground for several miles farther towards the sea, to reappear
at the bottom of a second ancient and wooded crater, which it partly
filled up. The course of the fluid then became again invisible for several
miles, until it broke out for the last time at "a point ascertained by
Captain Wilkes to be 1244 feet" above time sea, and 27 miles distant
from Kilauen. From thence it poured along for 12 miles 111 tile
open air, and then leapt over a cliff 50 feet high, and ran I'm- three
weeks into the sea. Its termination was at a place about 40 miles
distant from Rilauea. Time crust of the earth overlying the subterranean
course of the lava w often traversed by innumerable fissures, which
emitted steam, and in some places the incumbent, rocks were uplifted20 or 30 feet.
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Thus in the same volcano examples are afforded of the overflowing of
lava from the summit of a cone 2 miles high, and of the underfiow lug of
melted matter. Whether this last has formed sheets intercalated between
the stratified products of previous eruptions, or whether it has penetrated
through oblique or vertical fissures, cannot be determined. In one in

stance, however, for a certain space, it is said to have spread laterally,

uplifting the incumbent soil.
Time annexed section of the crater of Kilauca, as given by Mr. Dana,

follows the line of its shorter diameter, a, b, which is about '7500 feet

FIg. 641.
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Section of the crater of I1lauea in the Sandwich Islands. (Dana.)
a, 1,. External boundaries of thø chasm lit the line of Its shortest diameter.
c', e, f, d. Black ledge. g, h. Lake or inva.

long. The boundary cliffs, a, c and 1', d, are for the most part quite
vertical and 650 feet high. They are composed of compact rock in

layers, not divided by scorie, some a few inches, others 30 feet in

thickness, and nearly horizontal. Below this, we come to what is

called the "black ledge," c, c and f, ci, composed of similar stratified
materials. This ledge is 342 feet in height above the lake of lava, g, ii,

which it encircles. The chasm, a, b, and its walls have probably been

due to a former sinking down of the incumbent rocks, undermined for

a space by the fusion of their foundations. The lower ledge, c, c and

f, d, may consist in part of the mass which sank vertically, but

part of it at least must be made up of layers of lava, which have been

seen to pour one after the other over the "black ledge." If at any
future period the heated fluid, ascending from the volcanic focus to
the bottom of the great chasm, should augment in volume, and, before
it can obtain relict; should spread itself subterraneously, it may melt

still farther the subjacent masses, and, causing a failure of support,

may enlarge still more the limits of the amphitheatre of Kilauca.

There are distinct signs of subsidences, from 100 to 200 feet perpen
dicular, which have occurred in the neighborhood of Kilauca at various

points, and they are each bounded by vertical walls. If all of them were
united, they would constitute a sunken area equal to eight square
miles, or twice the extent of Kilauca itself. Similar accidents are also

likely to occur near the summit of a dome like Mount Loa, for the

hydrostatic pressure of the lava, after it has risen to time edge or lip
of the highest crater, a, fig. 640, must be great and must create a ten

dency to lateral fissuring, in which case lava will be injected into every
opening, and may begin to undermine. It then, sonic of the melted
matter be drawn off by escaping at a lower level, where time pressure
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would be still greater, the whole top of the mountain, or a large pa of

it., might fall in.

Instances of such truncations, however caused, have occurred in Java

and in the Andes within the times of history, and to such events we may

perhaps refer a very common feature in the configuration of volcanic

mountains,-uamely, that the present active cone of eruption is sin'

rounded by the ruins of a. larger and older cone, usually presenting a

crescent-shaped precipice towards the newer cone. In volcanoes long since

extinct, the erosive power of running water, or, in certain cases, of the

sea, may have greatly modified the shape of the " atrium," or space be

tween the older and newer cone, and the cavity may thereby be pro-

longed downwards, and end in a ravine. In such cases it may be impos

sible to determine how much of the missing rocks has been removed by

explosion at the time when the original crater was active, or how much

by sbscqucnt engulfment and denudation.

Java.-One of the latest contributions to c.ur knowledge of volcanoes

will be found in Dr. Junghuhu's work on Java, where forty-six conical

eminences of volcanic origin, varying in elevation from 4000 to nearly
12,000 feet above the sea, constitute the highest. peaks of a mountain

range, running through the island from east to west. All of them,
with one exception, did this indefhtigablc traveller survey and map. In
none of them could he discover any marine remains, whether adhering to
their flanks or entering into their internal structure, although strata
of marine origin are met with nearer the sea at lower levels. Dr.

Junghuhn ascribes the origin of each volcano to a succession of sub
aerial eruptions from one or more central vents, whence scorhe, pumice,
and fragments of rock were thrown out, and whence have flowed streams
of trachytic or basaltic lava. Such overfiowings have been witnessed in
modern times from the highest summits of several of the peaks. The
external slope of each cone is generally greatest near its apex, where
the volcanic strata have also the steepest dip, sometimes attaining
angles of 20, 30, and 35 degrees, but becoming less and less inclined
as they recede from the summit, until, near their base, the cup is re
duced to 10 and often 4 or 5 degrees.* The interference of the lavas
of adjoining volcanoes sometimes produces elevated platforms, or "sad
dles," in which the layers of rock may be very slightly inclined. At
the top of many of the loftiest mountains the active cone and. crater
are of small size, and surrounded by a plain of ashes and sñnd, this
plain being encircled in its turn by what Dr. Junghuhu calls "the
old crater-wall," which is often 1000 feet and more in vertical height.There is sometimes a terrace of intermediate height (as in th -moun
tain. called Teugger), comparable to the "black hedge" of Kilaucit (fig.
641). Most of the spaces thus bounded by semicircular or more
than semicircular ranges of cliffs are vastly superior in dimensions to

* Java, de8zelfs gednante, bekleedbg en inventligo struotnur, door F. Jung.hulin. (German translation of 2d edit. by Hasakarl, Lei1ize, 1652.)
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"
the area of any known crater or hollow which has been observed in any

part of the world to be occupied by a lake of liquid lava. As the Span
iards have given to such large cavities the name of Oaldera (or cauldron),

it may be useful to use this term in a technical sense, whatever views we

may entertain as to their origin. Many of them in Java are no less than

four geographical miles in diameter, and they are attributed by Junghulin
to the truncation by explosion and subsidence of ancient cones of eruption.

Unfortunately, although several lofty cones have lost a portion of their

height within the memory of man, neither the inhabitants of Java nor

their Dutch rulers have transmitted to us any reliable accounts of the

order of events which occurred.*
Dr. Junghulm believes that Papaudayaug lost some portion of its sum

mit in V172; but affirms that most of the towns on its sides said to have

been engulfed were in reality overflowed by lava.

From the highest parts of many Javanese calcieras rivers flow, which

in the course of ages have cut out deep valleys in the mountain's side.

As a general rule, the outer slopes of each cone are furrowed by straight
and narrow ravines from 200 to 000 feet deep, radiating in all directions

from the top, and increasing in number as we descend to lower zones.

The ridges or "ribs," intervening between these furrows, are very con

spicuous, and compared to the spokes of an umbrella. In a mountain

above 10,000 feet high, no furrows or intervening ribs are met with in

the upper 300 or 400 feet. At the height of 10,000 feet there may be

no more than 10 in number, whereas 500 feet lower 32 of them may be

counted. They are all ascribed to the action of running water; and if

they ever cut through the rim of a caldera, it is only because the cone

has been truncated so low down as to cause the summit to intersect a

middle region, where the torrents once exerted sufficient power to cause

a series of such indentations. It appears from such facts, that, if a cone

escapes destruction by explosion or engulfment, it may remain uninjured
in its upper portion, while there is time for the excavation of deep ravines

by lateral torrents.
It is remarked by Dr. Juughuhn, as also by Mr. Dana in regard to the

Pacific Islands, that volcanic mountains, however large and however much

exposed to heavy falls of rain, support no rivers so long as they are in the

process of growth, or while the highest crater emits from time to time

showers of scorhe andfloods of lava. Such ejectameuta and such currents

of melted rock fill up each superficial inequality or depression where

water might otherwise collect, and are moreover so porous that no nil of

water, however small, can be generated. But where the subterranean fires

have been long since spent, or are nearly exhausted, and where the super
ficial scothc and lavas decompose and become covered with clayey soils,

the erosive action of water begins to operate with a prodigious force,

proportionate to the steepness of the dcclivites and the incoherent nature

of the sand and ashes. Even the more solid lavas are occasionally cavern

10 See Principles of Geol. gilt edit. " 49"
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oils, nml always alternate with S C O ~ ~ Z  and pehliablo tuffs, so as to 

be residily undermined, and most of them are speedily reduced to frag- 
ments of a transportable size because they nro divided by vertical joints 

feet in vertical height. From their Inso n stcop" slope, clolli~d by n 
splendid forest of pines, descends for a thousand and sometimes two thou- 
saud feet lower, tho centre of tlia Caldera being nbout 2000 feet above 
tho sea. The northern half of the encircling ridge is more thm 7000 
English feet above tlro sen in its highest pcala, find is annually whit0 
with snow during the winter months. 

. Er t~mnl l~  h emks of this truncated cone inc l in~~ou  twards ill o v o v  
direction, tho'.slopcs being steepest nenr llio crest, rind lessening as t h y  
nI?~roach k m r  country. A great number of ritvines commcnco on 
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the thrnks of the rnountiiin, a short distance below the summit, shallow

at first, but getting deeper as they descend, and becoming at the same
tIme more numerous, as in the cones of Java before mentioned.

So unbroken is the precipitous boun(larv-wall of the C.11LICIII, except at
its southeastern cud, where the torrent which drains it through a deep

gorge (b, ii, fig. 643), issues, there is not even a footpath by which one
can descend into it save at one place called the Cumbrecito (e, map,
642, p. 494). This Cumbrecito is a narrow cal or watctslIe(.1 at the height
of about. 2000 flet above the bottom of the C:ildeii, and 4000 above the

set, and situated at the precise limit of two geological formations presently
to be mentioned. This col also occurs at the level where, in other park
f the Caldera, the vertical precipice.,, join the talus-like, rocky slope, Cov

ered with pines. The other or principal entrance by which the Caldera
is drained, is the great ravine or barranco, as it is called (see b, b', fig. 643),
which extends from the southwestern extremity of the Caldera to the, sea,

Fig. 648.
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a distance of 4 geographical miles, in which space the water of the tor-

rent falls about 1500 feet.




Fig. 044.

-

-__

This sketch was taken by Von Bueli from a point at sea not visited

by us, but we saw enough to convince us that several lateral cones ought
to have been introduced on the great slope to the left, besides numerous

deep furrows radiating from near the summit to the sea (see the map,

fig. 643). The sea does not enter the great Bari'anco, as might be in

ferred from this sketch.
The annexed section (fig. 645) passes through the island from Santa

Cruz do Palma to Bricra Point, or from southeast to northwest (see
map, p. 494). It has been drawn up on a true scale of heights and
horizontal distances from the observations of Mr. Hartung and my own.

Fig. 645.

Section of the Island of Falma, from Point Bricra, on the northwest to Santa Cruz do Palms, on
the outlieast. See map, fig. 642, p. 4U4.

u b. The Cnldera (boighit ofa, 0000 feet). c. Commencement ofsteeper dip.d. Santa Crnz do Patina or Tedote.
e. Lateral cone, 8040 (cot above the sea (VidaPa Map).f Briera Point.
a. One of several outliers of the upper formation In centre of Caldcra.S. P. llah(.burlcd cone and crater of San I'cdro.

The ]avns are seen to be slightly inclined near the sea at Santa Cruz,
where we observed them flowing round the cone of San Pedro, which
they have more than half buried without entering the crater. On start
ing from the same part of the sea-coast, and ascending the deep 1IIUTaUCO
do ha Madera, we saw just below c the basaltic lavas dipping at an angleof 5 degrees, there being no dikes in that region. Farther tip, where the
dikes were still scarce, the dip of the beds increases to 10 and 15 degrees,and they become still steeper as they approach the Caidera at b, wheredikes abound.

View of the Iso of Fauna, and of the entrance Into the central cavity or Caldora. From
Von Buch's "Canary Islands."
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SECTION OF THE ISLAND OF PALMA, FROM NORTHEAST TO SOUTHWEST.

f -

This section passes through the Caidera and the Barranco do las Angnstins, and Is drawn up on a true scale of height and horizontal distance, from the observations ofC. Lyoti and G. Hartung. 1853. (See Map, p. 4t)4.)

a. Barlovento Point, see map, fig 642, p. 494.
b. One of several cones, S. S. E. from Barlovento Point
c. Pico do is Cruz, 7780 feet high, forming part of the northern boundary of the

Caldern.
c. d. The Caldera.
ci. The summit of the mountain called Alejanado, 6210 feet high, forming the south

ern wall ofthe Caidera.
6. The Cuxnbrecito, or higher opening Into the CaMera.




f Pico do Cedro, 7470 feet high; the highest point on the eastern margin of the Cal
dera.

g. Lateral cone on the flanks of Alejanado.
ii. Cone of Arguni.
i. Cliff of Tozacorto.
k, 1. Old inclined water-line, marked by upper limit of gravel or conglomerate.
in, 1. Level of the river or torrent of the Barranco do ins Angustias.

The strongerlines In this diagram express that part which alone falls Into the line ofsection; the fainter lines, that portion of the eastern circuit of the Caldera wlch Is in per.
spective and could be seen by a spectator standing on the west side.
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The section (fig. 046) is at  right angles to the preceding, and cut; 
through the cone in tho direction of tho great Bai~anco, or from north- 
east to southwest 

~h~ lowest of the two slanting lines, m, i, descending from the Caldem 
to tlio sea "long the bottom of the Barranco, represents the prci ~ c n t  bed 
of tire ton-cu t ; the upper line, 1; I, tlio height at which beds of gravel, 
~levate(1 Iiigli above tho present river-clinnnci, are visible in detached 
patches, shown by dotted spaces at A', and to tlie soutliwcst of it, on  lie 
same slope. These, and t h  continuous stratified gravel and ~ 1 0 u 1 c r -  
nto lower down at I and i, am newer than all 1110 volcanic rocks seen in 
this section. 

upper volcnnic formation, to be described in sequel, is t r a ~ m d  
by i m i n o ~ ~ ~ s  dikes, wliich could not bo 0xpreWd on this small scde* 
~l~~ vertical lines in tlie lower formation represent a few of tile ller~cu* 
dicular dikes w], jch abound there. Countless others, i n c l i d  nud tor- 
tuous, are found penetrating tho same rocks. Tho BTO o u t l i ~ l ~  of ~ m c -  
what pyramidal shape, at tho bottom of the C f i l d ~ ~  (on cncli side of m), 
ngme in structure and composition with tho upper foruintion, nnd may 
have subsided into their present position, if tlio Caldera was caused by 
cng'ulfmcnt, or m y  have slid down in tho form of land-slips, if tlie cavity 
he nltrlbuted chiefly to aqueous erosion. 
In tho description above given of tho section (fig. G46), the cliff. winch 

wall in tlio Calt?cra arc spoken of as consisting of two formations. Of these 
tho uppermost alone gkcs riso to rcrtici'il precipices, from the Laso of 
which the lower descends in steep slopes, which, nl though they have the 
external nspcct of tnluscs, aro not in fact made up of broken materials, or 
of ruins detached from tho higher rocks, but consist of rocks in place. 
Both formations aro of volcanic origin, but thcy differ in composition and 
stnrolure. In tlie upper, the beds consist of ngglomerato, scoriz, lapilli, 
and lava, chiefly basaltic, tho "whole dipping outwards, as if from the nxis 
of ilio original cone, at right angles varying from 10 to 28 degrees. The 
solid h a s  do not constitute more than a fourlli of the entire mass, and 
are divided into beds of very varinblo thickness, some scoriticeous nnd 
vesicular, others more compact, and even in soma costs rudely columnar. 
All . h e  more stony masses aro Been to thin out and coino to an end 
wherever thcy can bo traced horizontally for n distance of Iial f or quar- 
ter of a mile, and usually sooner. Coarse brecciils or agglomerates pr@- 
dominate in the lower part, as if the commenccmcnt of tho second s e a m  
of rocks marked an era of violent gaseous explosions. Single beds of this 
% ~ g ~ t ~  of angular stones and scoria; attain a tliichcss of from 200 to 
300 They am united together by a pmlo of volcanic dust or spongi- 
form scoriae. 
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channel of discharge subsequently buried under (he products of newer

eruptions. Countless dikes, more or less vertical, consisting chiefly
of basaltic lava, traverse the walls of the (Jalcicra, some of them ter

minating upwards, but a great number reaching the very crest of
the iclge, and therefore having been posterior in origin to the whole

precipice.
We could not discover in any one of the fallen masses of agglomerate

which strewed the base of the cliffs a single pebble or waterworn

fragment. Each imbedded stone is either angular, or, if globular, consists
of scorizc more or less spongy, and evidently not owing its shape to attri
tion. It would be impossible to account for the absence of waterworn

pebbles if the coarse breccia in question had been spread by aqueous
agency over a horizontal area coextensive with the Caldera and the vol
canic rocks which surround it. The only cause known to us capable of

dispersing such heavy fragments, some of them 3, 4, or feet in diame
ter, without blunting their edges, is the power of steam, unless indeed we
could suppose that ice had co-operated with water in motion; and the
interference of ice cannot be suspected in this latitude (28° 40'), espe
cially as I looked in vain for signs of glacial action here and in the other
mountainous regions of the Canary Islands.
The lower formation of the Caldera is, as before stated, equally of

igneous origin. It differs in its prevailing color from the upper, exhibit

ing a tea-green and in parts a light yellow tint, instead of the usual

brown, lead-colored, or reddish hues of basalt and its associatcd, scoii.
Beds of a light greenish tuff are common, together with trachytic and

greenstone rocks, the whole so reticulated by dikes, some vertical, others

oblique, others tortuous, that we found it impossible to determine the

general dip of the beds, although at the head of the great gorge or
Barranco they certainly dip outwards, or to the south, as stated by Von
Buch. But in following the section down the same ravine, where the
mountain called Alejanado (ci, figs. pp. 494 and 497) is cut through,
and where the rocks of the lower formation are very crystalline, we
found what is not alluded to by the Prussian geologist., that the beds

exposed to view in cliffs 1500 feet high have an anticlinal arrange
ment, exhibiting first a southerly and then a northerly dip at angles

varying from 20 to 40 degrees (see section, fig. 646 at k); Hence

we may presume that the older strata must have undergone great
movements before the upper formation was superimposed. No or

ganic remains having been discovered in the older series, we cannot

positively decide. whether it was of subaerial or submarine origin.
We can only affirm that it has been produced by sucëessivo erup
tions, chiefly of 1ilspathiic lavas and tuffs. Many beds which probably
consisted at first of soft tuffs have been much hardened by the contaqt
of dikes and apparently much altered by other phmtomc influences, so
that they have acquired a sctni-crystalline and almost metamorphic
character.
The existence of so great a mass of volcanic rocks of ancient date
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on the exact site of an equally vast accumulation of comparatively mod

ern lavas and scoria3 is peculiarly worthy of notice as a general phenome

non observed in very difThrent parts of the globe. It proves that,

notwithstanding the fact in the past history of volcanoes that one region

after another has been for ages and has then ceased to be the chief theatre

of igneous action, still the activity of subterranean heat may often be per

sistent for more than one geological period in the same place, relaxing

perhaps in its energies for a while, but then breaking out all-esh with an

intensity as great as ever.

We have still to consider the mode of origin of the higher volcanic

mass, or the upper series of rocks with which the peculiar form of the

Caldeth is more intimately connected. The principal question hero

arising is this, whether the mass was dome-shaped from the beginning,

having grown by the superposition of one conical envelope of' lava and

ashes formed over another, or whether, as Von Buch and his followers

imagine, its component materials were first spread out in horizontal or

nearly horizontal deposits, and then UplLeaved at once into a dome-shaped
mountain with a caldera in its centre. According to the first 11y1)OtIICSIS
the cone was built up gradually, and completed with all its beds dipping
as now, and traversed by all its dikes, before the Caldera originated.
According to the other, the Caldera was the result of the same move
ments which gave a dome-shaped structure to the mass, and which
caused the beds to be highly inclined; in other words, the cone and
the Caldera were produced simultaneously. So singularly opposite are
these views, that the principal agency introduced by the one theory is
upheaval, by the other subsidence. The very name of "Elevation Cra
ters" points to the kind of movement to which one school attributes the
origin of a cone and caldera; whereas the chief agencies appealed to by
the other school are gaseous explosions, engulfment, and aqueous denu
dation.
The favorable reception of the doctrine of upheaval has arisen from

the following circumstances. Streams of lava, it is said, which run down
a declivity of more than three degrees are never stony; and, if the slope
exceed five or six degrees, they are mere shallow and narrow strings of
vesicular or fragmentary slag. Whenever, therefore, we find parallel
layers of stony lava, especially if they be of some thickness, high upin the walls of a caldera, we may be sure that they were solidified origi
nally on a very gentle slope; and if they are now inclined at anglesof 100, 20°, or 300, not only they, but all the interstratificd beds of
lapilli, Scoria, tuft; and agglomerate, must have been at first nearly flat,
and must have been afterwards lifted up with the solid beds into
their present position. It is supposed that such a derangement of the
strata could scarcely fail to give rise to a wide opening near the c&uitrebf upheaval, and in the case of Pulina, the Caldera (which Von Buchicalled "the hollow axis of the cone") iimy represent this breach of
continuity.
Among other objections to the elevation-crater theory often advanced
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and never yet answered are the following:-First, in most clderas, as

in Palma, the rim of the great cavity and the circular range of precipices

surrounding it remain entire and unbroken on three sides, whereas it is

difficUlt to conceive that a series of volcanic strata 2000 or 3000 feet

thick could have once extended over an area six or seven miles in its

shortest diameter, and then have been upraised bodily, so that the beds

should dip at steep angles towards all points of the compass from a centre,

and yet that no great fractures should have been produced. We should

expect to see some open fissures on every side, widening as they approach
the caldera. The dikes, it is true, do undoubtedly attest many disloca

tions of the mass, which have taken place at successive and often distant

periods. But none of them can have belonged to the supposed period of

terminal and paroxysmal upheaval, for, had the caldera existed when they

originated, the melted matter now solidified in each dike must., instead, of

filling a rent, have flowed down into the caldera, tending sc 4r to ob

literate the great cavity.
The second objection is the impossibility of imagining that so vast

a. series of agglomerates, tuft, stratified iapiiii, and highly scoriaceous

lavas could have been poured out within a limited area without soon

giving rise to a lull, and eventually to a lofty mountain. Such heavy

angular fragments as are seen in the agglomerates, single beds of which

are somàtimes 200 or 300 feet thick, must when hurled into the air

have fallen down again near the vent, and would be arranged in inclined

layers dipping outwards from the central axis of eruption. It is in per
fect accordance with this hypothesis that we should behold agglomerates,

lapilli, and scoriz predominating in the walls of the Caldera; whereas

in the ravines nearer the sea, where the inclination of the beds has di

minished to 10 and even to 5 degrees, the proportion of stony as com

pared to fragmentary materials is precisely reversed. It is also natural

that the dikes should be most numerous where the ejectamenta are to

the more solid beds in the proportion of 3 to 1, as at b, fig. 645, p. 496;
while the dikes are few in number where the stony lavas predominate

(as at c, ibid.). Many of the scoriaceous beds at 1' may be the upper
extremities of currents which became stony and compact when they
reached c, and flowed over a more level country; but this suggestion
cannot be assented to by the advocates of the uphcavul theory, for it

assumes the existence of a cone long before the time had arrived for

the catastrophe which according to their views gave the to a conical

mountain.

1f however, we reject the doctrine that the beds were tilted by a

movement posterior to the accumulation of all the compact and frag

mentary rocks, how are we to account for the steepness of the dip of

some stony lavas high up in the walls of the Caldora These masses

are occasionally 50 or 100 feet thick, of lenticular shape, as seen in the
cliffs from below, and to all appearance parallel to the associated layers
of scorhe and lapilli. But unfortunately no one can climb up and

de-terminehow far the supposed parallelism may be deceptive. The solid
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beds extend in general over small horizontal spaces, and some of them

may possibly be no other than intrusive lavas, in the nature of dikes,

more or less parallel to the layers of ejectamenta. Such livas, when the

crater was full, nay have forced their way between highly inclined beds

of scorke and lapilli. Wo know that lava 6f'ten breaks out from the side

or base of a cone, instead of rising to the rim of the crater. Neverthe

less one or two of the stony masses alluded to seemed to me to resemble

lavas which had flowed out superficially. They may have solidified on

a broad ledge formed by the rim of a crater. Such a rim might be of

considerable breadth after a partial truncation of the cone. And some

lavas may now and then have entirely filled up the atrium, or what in

the case of Somma and Vesuvius is called the alrio dcl cavallo, that is

to say, the interspace between the old and new cone. When by the

products of new CFLI1)tiOflS a uniform slope has been restored, and the two

cones have blended into one (see e, d, c, fig. p. 511), the next breaking
down of the side of the mountain may display a mass of compact rock of

great thickness in the walls of a caldera, resting upon and covered by

ejectamenta. Other extensive wedges of solid lava will be formed on the

flanks of every volcanic mountain by the interference of lateral, or, as

they are often termed, parasitic cones, which check or Stop the down

ward flow of lava, and occasionally offer deep craters into which the
melted matter is poured.
By aid of one or all the processes above enumerated we may certainly

explain a few exceptional cases of intercalated stony beds, in the midst of
others of a loose and scoilaceous nature, the whole being highly inclined.
But to account for a succession of compact and truly parallel lavas

having a steep dip, we may suppose that they flowed originally down the
flanks of a cone sloping at angles of from 4 to 10 degrees, as in many
active volcanoes, and that they acquired subsequently a steeper inclina
tion. It would be rash to assume the entire absence of local disturbances

during the growth of a volcanic mountain. Some dikes are seen crossing
others of a different composition, marking a distinctness in the periods of
their origin. The volume of rock filling such a multitude of fissures as
we see indicated by the dikes in Palina must be enormous; so that,
could it be withdrawn, the mass of ejeetamenta would collapse and lose
both in height and bulk. The injection, therefore, of all this matter in a

liquid state must have been attended by the gradual distension of the
cone, the increase of which I have elsewhere compared both to the exo
genous and endogenous growth of a tree, as it has been effected alike by
external and' internal accessions.
But the acquisition of a steeper dip by such reiterated rendiugs and

injections of a cone is altogether opposed to the views of those who
defend the upheaval hypothesis, because it draws with it the conclusion
that the slopes were always growing steeper and steeper u proportion

as
the cone waxed older and loftier. Once admit this, and it follows, that the
upper layers of solid lava must have conformed to surfaces already 110lined
at angles of 20, or i, the case of the Caldera of Palma, 28 degrees.
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For this reason the defenders of the upheaval hypothesis are consistent
with themselves in assigning the whole movement by which the strata,

whether solid or incoherent, have been tilted, exclusively to one terminal

catastrophe. The whole development of subterranean force is repre
sented as the last incident in every series of volcanic operations, the

closing scene of the drama; and the sudden and paroxysmal nature of

the catastrophe is inferred from the absence of all signs of successive
and intermittent action so characteristic of the antecedent volcanic phe
nomena.

I have alluded to an opinion entertained by some able geologists, that
no lava can acquire any degree of solidity if it flows down a declivity of
more than three degrees. This doctrine I believe to be erroneous. The
lava which has flowed from the cone of Liarena near Port Orotava, in

Teucriffe, is very columnar in parts, and yet has descended a slope of six

degrees. Another stream of recent aspect near the town of El Passo, in

Palma, has a general inclination of ten degrees, and is remarkable for
the depth and extent of the large basin-shaped hollows, 20, 30, and 35
feet deep, seen everywhere on is surface. Whenever another lava-current
shall flow down over this one, although its average inclination will be the
same, it must fill up all these inequalities, and in doing so must give
rise to masses of compact and solid rock 20 or 30 feet thick, resting upon
and encircled by vesicular lava. Other lavas northeast of Fuencaliente
at the southern extremity of Palma, so modern as to be still black and
uncovered with vegetation, descend slopes of no less than 22 degrees, and

yet contain large masses of compact stone, formed chiefly on the sides of

tunnel-shaped cavities, 15 or 20 feet deep, in which one layer has solidi
fied within another on the walls of these channels, while in the central

part the lava seems to have remained fluid so as to run out of the tunnel,

leaving an arched cavity, the roof of which has in most cases fallen in.
The strength of the enveloping crust of scorke at the lower end of a
lava-current in which one of these tunnels existed may have been suf
ficient to arrest the progress of the stream for hours or days, and daring
that time solidification may have ocdurred under great hydrostatic
pressure.

Before taking leave of Palma, we have yet to consider another dis
tinct point, namely, what amount of denudation has taken place in
the Caldera, and its environs. Assuming that the great cavity or soue

part of it may have originated in the truncation of a cone in the man
ner before suggested, to what extent has its shape been subsequently
enlarged or modified by aqueous erosion? It will be remembered that
a conglomerate of well-rounded pebbles, no less than 800 feet thick,
was spoken of as visible in the great Barranco (see description of sec
tion, pp. 497, 498). That conspicuous deposit, 3 or 4 miles in length,
was evidently derived from the destruction of rocks like those in the
Caldera, for the present torrent brings down annually similar stones
of every size, some very large, and rounds them -by attrition in its
channel. By what changes in the configuration of the island after
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the old volcano and its Caldera were formed was so vast a thickness

of gravel formed, to be afterwards cut through to a depth of 800 feet?

The ravine through which the torrent now flows has been excavated

to that depth through the old conglomerate. The occurrence of two or

three layers of contemporaneous lava, intercalated between the strata of

puddingstone, ought not to surprise us; for oven in historical times

eruptions have been witucssed in the southern half of Palma. Such

basaltic lavas, one of them columnar in structure, have not come down

from the Caldera, but from cones much nearer the sea, and immedi

ately adjoining the Barranco, like the cone of Argual (see map, p. 405)
and others. These lavas, of the same age as the conglomerate, consist

of three or four currents of limited extent, for in ninny parts of the river

cliffs no volcanic formation is visible on either bank. On the right
bank of the Barranco, the conglomerate, when traced westward, is soon
found to come to an end as it abuts against the lofty precipice £ (fig. 641),
which is a prolongation of the western wall of the Caldera. Its extent
eastward from b', may be more considerable, but cannot be ascertained,
as it is concealed under modern scorke and lava spread over the great
platform, F.
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A. iavino or l3arrnnco do lag Anunslins, near Its termination in Palma.b, 1,', 1/'. Conglomerate, 801) feet thick in parts.C, d. Lava Intercalated between the beds of conglomerate.d ci'. Another and older current of basaltic lava. columnar InE. Cliff of ancient volcanic rocks of the pnrts.

Upper Formation (p.the western wall of the Caldera. boo), a prolongation of
P. Platform on which the town ofArgual stands.

As we could find no organic remains in the old gravel, we have no
positive means of deciding whether it be fluviatilo or marine. The
height of its base above the sea, where it is 800 feet thick- may be
about 350 feet, but patches of it ascend to elevations of 1000 and
1500 feet near the top of the Barranco, as shown at A, &c., in section,
fig. 646, p. 491. Such a mass of gravel, therefore, bears testimonyto the removal of a prodigious amount of materials from the Caldera
by the action of water. Whether a river or the sea was the transporting agent, ft is obvious that a large portion of the volcanic materials,
consisting of sand, lapilli, and scorhe, before described (p. 498), as bø
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longing to the upper formation in the Caldera, would leave behind them
few pebbles. Nearly all of these perishable deposits would be swept
down in the shape of mud into the Atlantic. Even the hard rounded
stones, since they were once angular and are now ground down into peb
bles, must have lost more than half their original bulk, and bear witness
to large quantities of sedimentary matter consigned to the bed of the
ocean. We saw in the Caldera blocks of lingo size thrown down by
cascades from the upper precipices during the melting of the snows,
a fortnight before our visit, and much destruction was likewise going on
in the lower set of rocks by the same agency. We also learnt that
a great flood rushed down the Barranco in the spring of 1854, shortly
before our arrival, damaging several houses and farms, and I have thdre
fore no doubt that the erosive power even of rain and river water, aided
by earthquakes, might in the course of ages empty out a valley as
large as the Caldera, although probably not of the same shape. I am
disposed to attribute the circular range of cliffs surrounding the Caldera
to volcanic action, because they forcibly reminded me of the precipices
encircling three sides of the Val do Bove, on Etna; and because they
agree so well with Junghiulin's description of the " old crater-walls"
of active volcanoes in Java, some of which equal or surpass in dimen
sions even the Caldera of Palina. The latter may have, consisted
at first of a true crater, enlarged afterwards into a caldera by the

partial destruction of a great cone; but if so, it has certainly been since
modified by denudation. Nor can any geologist now define how much
of the work has been accomplished by aqueous, and how much by vol
canic agency. The phenomenon of a liver cutting its channel through
a dense mass of ancient alluvium formed during oscillations in the level
of the land is not confined to volcanic countries, and I need not dwell
here on its interpretation, but refer to what was said in the '7th chap
ter. (See p. 84.)

There remains, however, another question of high theoretical interest;

namely, whether the denudation was marine or fiuviatile. It was stated
that the materials of the great cone or assemblage of cones in the
north of Palina are of subaerial origin,, as proved by the angularity of
the fragments of rock in the agglomerates; but it may be asked,
whether, when the Caldera was firmed long afterwards, it may not, like
the crater of St.. Paul's (fig. 649,1). 09), have had a communication
with the sea, which may have entered by the great Bari'anco, and if,
after a period of partial submergence, the island may not then have risen

again to it original altitude. In such a case the retiring waters might
leave behind them a conglomerate, partly of liver-pebbles, collected at
the points where the torrent successively entered the sea, and partly
of stones rounded by the waves. The torrent may have fiumahly cut a
deep ravine in the gravel and associated lavas when the laud was rising
ugain. Such oscillations of level, amounting to more than 2000 feet,
would not be (leeflied improbable by any geologists, provided they
enable its to explain more naturally than by any other causation, the
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origin of the physical outlines of the country. As to the fact that no

marine shells have yet been discovered in the conglomerate, sufficient

search has not yet been made for them to entitle us to found an argu

ment on such negative evidence. At the same time confess, that,

having found sea-shells and biyozoa abundantly in certain elevated

marine conglomerates in the Grand Canary, before I visited Palma, and

being unable to meet with any in the Barranco do has Angustias, I re.

gardeci the old gravel when I was on the spot as of fiuviatile origin.
Such inferences are always doubtful in the absence of more positive data,

and the intervention of the sea will unquestionably account for sothe

phenomena in the configuration of the Caklera and Barranco more

naturally than river action. For example, we have the lofty cliff E, fig.
p. 504, already mentioned, and c,f, mal), p 494, extending four or five
miles from the Caldera to the sea on the right bank of the Barrrnuco,
and no cliff' of corresponding height or structure on the other bank,
where for miles towards the southeast there is the platform i', fig. p. 504,

supporting several minor volcanic cones. The sea might be supposed to
leave just such a cliff as E, after cutting away a portion of the southwest
ern extremity of the old dome-shaped mountain in the north of Palm;
whereas a torrent or river would leave a cliff of similar structure and
nearly equal height on both banks. As to the fact of the old con

glomerate ascending an inclined phme, i, 1, A, p. 407, from tire sea-level
to an elevation of about 1500 feet, near the entrance of the Caldera, this
is by no means conclusive in favor of fluviatile abtion, although some ele
vated patches of the same may in truth belong to an old river-bed; but
in South America gravel-beds of marine origin have a similar upward
slope, when followed inland, and the cause of such an arrangement has
been explained in a satisfactory manner by Mr. Darwin.*
Another argument in favor of marine denudation may be derived

from that peculiar feature in the configuration of Palma, before alluded
to, called the pass of the Cumbrecito (c, fig. 646, . 497), forming a
notch in the uppermost line of precipices surrounding the Caldera.
This break divides the mountain called Alejanado, d, fig. p" 407, from
the eastern wall c, f, and cuts quite through the upper.formation; yetthe range of precipice f, e, on the eastern side of the Caldera is con
tinned uninterruptedly, and retains its full height of 1500 or 2000 feet
above its base, to the southward of the Cuinbrecito, or from c towards a,
map, fig. 042, p. 494. In this prolongation of the cliff for half a. mile
Southward beds of volcanic matter and dikes are seen, as in the walls of
the Caldera.
The indentation forming the pass of the Cuinbrecito, e, p. 407, hasmore the appearance of an old channel, such as a current of water mayhave excavated, than of a rent or a chasm caused by a fault. In case 01a fault the lower formation would not be persistent and uninterruptedacross the Cumbrecito, constituting the watershed; but would havesunk down and have been replaced by the upper basaltic rocks. If

Geolog. Ob!erv., South America, p. 48.
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we could assume that the sea once entered the Cakiera here as well
as by the great Barranco, it might have produced such a breach as
and such an extension of the line of cliffs as that now observable
between e and a, map, p. 494, without any corresponding cliff to the
westward of e, a.

Yet we could discover no elevated outliers of conglomerate to attest
the supposed erosion at the Cumbrecito, which is about 3500 feet above
the level of the sea. It might also be objected to the hypothesis of ma
rine denudation in Palma, that there are no ranges of ancient sea-cliffs on
the external slopes of the island. The flanks of the mountain, except
where it is furrowed by ravines or broken by lateral cones, descend to the
sea with a uniform inclination. In reply to such a remark, I may ob
serve that we do not require the submergence of the uppermost 3000 feet
of the old cone in order to allow the sea to enter both the great Bar
rtmco and the Cumbrecito and to flow into the Caldera. It would be

enough to suppose the land to sink down so as to permit the waves to
wash the base of the basaltic cliffs in the interior of the Caldera, and to
wear a passage through the Cumbrecito where there may have been

always a considerable depression in the outline of the upper formation.
But would not the same waves which had power to form in the Bar

ranco a mass of conglomerate 800 feet thick have left memorials of their

beach-action on the external slope of the island? No such monuments

are to be seen. It may be said, in explanation,-first that cliffs are not

so easily cut on the side of an island towards which the beds dip as on

the aide from which they dip; secondly, if some small cliffs and sea

beaches had existed, they may have been subsequently biried under

showers of ashes and currents of lava proceeding from lateral cones during

eruptions of the same date as those which were certainly contemporaneous
with the conglomerate of the great Barranco.
On the eastern coast of Palma, about half a mile from the sea, in

the ravine of Las Nieves, not far from Santa Cruz, we observed a con

glomerate of well-rounded pebbles baying a thickness of 100 feet.,
covered by successive beds of lava, also about 100 feet thick. In this

instance the ancient gravel beds occupy a position very analogous to the

buried cone, s.i., fig. 645, p. 496. Wlen in Palma, I conceived them

to be of fluviatile origin; but., whether marine or freshwater, it must be

admitted that the superposition of so dense an accumulation of lavas

to a mass of conglomerate 100 feet thick shows how easily the outer

slopes of the island may have been denuded by the sea and yet dis

play no superficial signs of marine denudation, every old beach or delta

once at the mouth of a torrent being concealed under newer volcanic o.ut

pourings.
Since the cessation of volcanic action in the north of Palma, the most

frequent eruptions appear to have taken place in a line running north and

south, from a to Fuencaliente, map, p. 404; one of the volcanoes in this

range, called Veilgojo, g, being no less than 6565 English feet high.
The lavas de6cendiug from several vents in this chain reach the sea both
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on east and west coast, and fire many of them nearly as naked and 
barren of wgetntion as when they fi~st flowed. The tendency in v ~ l -  
rnnic vents to assumo 3 linear arraugcmcnt, as seen in llic volcanoes of 
the Andes Java on fi grand scale, is exemplified by the cones and 
craters of tin's small range in Palma. It lias been conjcclured that such 
linearity in tlie dircclion of superficial outbreaks is connected with deep 
fissures in tlie earth's crust coiiiinuniciltiiig willi 3 subjacent focus of siib- 

tcrrnncan hcnt. 
By discussing nt so much length tho question whether the sea may or 

may not Lave played an iiuport;uit part in enlarging tho Calclcra of 
Pnlnin, I Iiavo been dcsirous n t lenst to show bow many facts niid obser- 
vations arc required to cxplniu tho striiciiiro nnd configuration of such 
volci'inic islands. It may bo useful to cite, in illustrntion of the same sub- 
ject., the present geographical condition of St- Paul's or Amsterdam 
Jslnnd, in tho Indian Occnn, midway between tho C u p  of Good Hope and 
Austrnlh. 

Nap of tliolalnnd ofS t  Pniil. In tho Intllan Ocean, 1nI  880 i4'8,, long. 7?087*13.~ 
nurvcycd by Copt. Blockwood, Hi N., 36'12. 
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Side view of the Island of St. PAul (N. E. side). NInc.pln rocks two nifles distant.
(Captuin Blackwood.)

a single passage. Every crater must almost invariably have one side
much lower than all the others, namely that side towards which the

prevailing winds never blow, and to which, therefore, showers of dust
and scorke are rarely carried during eruptions. There will also be one

point on this windward or lowest side more depressed than all the rest,

by which in the event of a partial submergence the sea may enter as
often as the tide rises, or as often as the wind blows from that quarter.
For the same reason that the sea continues to keep open a single entrance
into the lagoon of an atoll or annular coral reef, it will not allow this pas

sage into the crater to be stopped up, but will scour it out at low tide, or
as often as the wind, changes. The channel, therefore, will always be

deepened in proportion as the island rises above the level of the sea, at
the rate perhaps of a few feet or yards in a century.
The crater of VCSUViUS in 1822 was 2000 feet deep; and, if it were a

half-submerged cone like St. Paul; the oxcavating power of the ocean

might in conjunction with a gradual uphoaviug force give rise to a large
caldera. Whatever, therefore, may have been the nature of the forces,

igneous or aqueous, which have shaped out the Val dcl Bove on Etna or
the deep abyss called the Caldera in the north of Palma, we can scarcely
doubt that many craters have been enlarged into calderas by the denuding
power of the ocean, whenever considerable oscillations in the relative level
of laud and sea have occurred.

Peak of Tenerij7'e.-Tlio accompanying view of the Peak, taken from
sketches made by Mr. Hartuiig and myself during our visit to Teuorifl'e

View of the Crater of the Island of St. Paul,







Fig. 651.

VIEW OF THE PEAK OF TENERIFFE AND THE CANAIIAS FROM THE, NORTHEAST.

a

a. The Peak, which is about 4000 feet above tho level of the plain .
b, b. The atrium, or Las CnUtu1a..
c, c. Wail of the Caidern. or cliff bonndinr the atrium.
d, d. Lnvas which have flowed front the Peak or from lateral conese. A point corresponding to e, in section, fig. 65, p. 511.
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in 1854, will show the manner in which that lofty cone is encircled on

more than two sides by what I consider as the ruins of an older cone,

chiefly formed by eruptions from a summit which has disappeared. That

ancient culminating point from which one or more craters probably

poured forth their lavas and ejectamenta may not have been placed pre

cisely where the present peak now rises, and may not have had the same

form, but its position was probably not materially different. The great
wall or semicircular range of precipices, c c, surrounding the atrium, b b,
is obviously analogous to the walls of a Caldera like that of Palma; but

here the cliffs are insignificant in dimensions when compared to those in

Palma, being in general no more than 500 feet high, and rarely exceeding
1000 feet. The plain or atrium, b b, figs. 651 and 652, lying at the base

of the cliffs, is here called Las Caliadas, and is covered with sand and

pumice thrown out from the Peak or from craters on its flanks. Copious
streams of lava, d d, have also flowed down from lateral openings, es

pecially from a crater called the Chahorra,f, fig. 652, which is not seen

in the view, fig. 651, as it is hidden by the Peak. The last eruption was

as late as the year 1798.




Fig. 652.
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Section through part of ToneritFo. from N. E. to S. IV. On a true scale; as given in
You Buch's "Canary Islands."

a. Peak of Teneriffe. ?. The Cafiadas or atrium.
Cliff bounding the atrium. d. Modern iavas.

1 Cone and crater of Cbahorra.

To what extent the lavas, d d, figs. 651, and 652, may have narrowed

the circus or atrium, b, or taken away from the height of the cliff c, no

geologist can determine for want of sections; but should the Peak and

the Chaliorra continue to be active volcanoes for ages, the. new cone, a,

might become united with the old one, and the lava might flow first from

e to c and then from a to c, fig. 652, so that the. slope might begin to

resemble that formed by lavas and ejectamenta from the summit a to

Gum, on the southwestern side of the cone.

.ilfadeira.-Every volcanic island, so far as I have examined them,

varies from every other one in the details of its geographical and geo

logical structure so greatly, that I have no expectation of finding any

simple hypothesis, like that of "elevation craters," applicable to all or

capable of explaining their origin and mode of growth. Few islands,

for example, resemble each other more than Madeira and Palma,

inns-muchas both consist mainly of basaltic rocks of subaerial origin, but,

when we compare them closely together, there is no end of the points in

which they differ.
The oldest formation known in Madeira is of submarine volcanic origin,
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and referable perhaps to the Miocene tertiary epoch. Tuffs and lime

stones containing marine shells and corals occur at S. Vicento on the

northern coast, where they rise to the height of more than 1200 feet

above the sea. They bear testimony to an upheaval to that amount, at

least, since the commencement of volcanic action in those parts.

The pebbles in these marine beds are well rounded and polished,

strongly contrasting in that respect with the angular fragments of similar

varieties of volcanic rocks so frequent in the SU1)CV1II1posed Lulls and ag-

glomerates formed above the level of the sea.

The length of Madeira from cast, to west is about 30 miles, its breadth

from north to south being 12 miles. The annexed section, fig. 653,

drawn up on a true scale of heights and horizontal distances from the

observations of Mr. Hartung and myself; will enable the reader to coin

prebend some of the points in which, geologically considered, Madeira

resembles or varies from Pahna. In the central region, at A, as well
as in the adjoining region on each side of it, are seen, as in the centre
of Palma, a great number of dikes penetrating through a vast accumu
lation of ejectamnenta, c. Here also, as in Palma, we observe as we
recede from the centre that the dikes decrease in number, and beds of
scori, lapilli, agglomerate, and tuff begin to alternate with stony lavas,
d d, until at the distance of a mile or more from the central axis of the
volcanic mass, below f k and e g, consists almost exclusively of streams
or sheets of basalt., with some red partings of oclireous clay or latemito,

probably ancient soils. The darker lines indicate the predominance
of these lavas which have flowed on the surfhcö, and which, besides
basalt, consist of various kinds of trap, and in some places of trachyte.
The lighter tint, c, expresses an accumulation of scori, agglomerate,
and other materials, such as may have been piled up in the open
air, in or around the chief orifices of eruption, and between volcanic
cones.
The Pico Torrcs, A, more than 6000 feet high, is one of many central

peaks, composed of ejected materials.. By the union of the foundations
of many similar peaks, ridges or mountain crests are formed, from which
the tops of vertical dikes project like turrets above the weathered surface
of time softer beds of tuff and scorja. Hence time broken and picturesque
outline, giving a singular and romantic character to the scenery of the
highest part of Madeira. North of A is seen Pico Ruivo (u), the most
elevated peak in the island, yet exceeding by a few feet only the heightOf Pico Torres. It is similar in composition, but its uppermost part,400 feet high, retains a more perfectly conical form, and has a dike at
its summit with streams of Scoriaceous lava adhering to its steep flanks.
There are a great many such peaks east and west of A, which seem to be
the ruins of Cones of eruption, the materials of some at least havingbeen arranged with a qul.-quvcrsnI dip. Among these is Pico Grande,

f0,
ficr 055, now balf-buried under "lore modern lav&i which linvo0,

owed round it. It is perhaps owing to time juxtaposition of such a
multitude of cones or points of eruption, and time interference of their
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SECTION OF MADEIRA FROM NORTH TO SOUTH, OR FROM POINT S. JORGE TO POINT DA CRUZ, NEAR FUNCHAL.
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Length of section twelve miles. Drawn on a true scale of heights and horizontal distances from the observations of C. Lydi and C. Ilartung, 1853-4.
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A. Pico Torres (or Fico do Gatto). about 6050 feet high.
B. 1'icuIuivo; the highest mountain In Madeira; about 6060 feet high.
C. Se'trie, aIomernte, inpilit, tuff, and ejectamenta, with some highly scorlaceons lavn.
d. Alternations of lava with tuff and lapilli, or with parting layers of red clay (laterite).

1n'ler ibis same head of "alternations" must be included all the beds between
1 and P.

e. Commencement of more highly inclined lava on north aide of Madeira; slope usu-
ally 10 degrees.

f. Commencement of more highly inclined lavas on southern slope, usually at an angle
of 15 degrees.

. Dike of .Joro tin Bola. In flibeiro S. Jorge.
/. Slope of beds 15 degrees, occasionally but rarely 20 degrees.




1. Slope or dip of Invas 5 degrees.
K. Point da Cruz, near machat.
L. Point S. Jorge. on north coast.
M. Pico dci Cruz. 5.1.3 feet high: modern cone.
N. PicoS. Martinho, 1100 feet high.
0. Pico S. Antonio. 1440 feet
p. Buried cone in 1lbeiro do Torrefto.

fLianito
and lear-bed.

t. Pi-~o S. Antonio, t706 feet high.
p, 8, t. Line below which the rocks are not exposed to Y'few.

conjecturally.

Sill liii. 1uI!fltSIl1* ft 1I .1 ll.,fS$ Sill:,
-----------------2




All below this line Is given

'The beds Indicated by the sign No. 1 consist of lavas more or less
stony, under which occur red clays or laterites, probably ancient
soils (see p. 471),represented by the Interrupted lines, No. 2. These
red bands, aswell as the invas, No. I, are very numerous in nature,
and for want of apace a few only are introduced into the diagram.
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lavas along the great east and west line of volcanic action, that we

find the stony beds in the central region between c and f, hg. 653,

nearly horizontal, or having a dip of no more than from 3 to 5 degrees,

instead of having a very steep inclination like those in the walls of the

Caldera of Palma.

These level or Slightly inclined beds often form platforms, such as that

called the Paul do Serra (a, hg. p. 516). But when we recede from the

central axis, the lavas acquire an average slope of 10 degrees on the

north (as between e and g, fig. 053), and of 15 on the south between

/ and it. Nearer the sea again, as at i and L, where the most modern

lavas occur, the dip diminishes to 5 degrees, and oven to 3-, as at ic, near

Funchal. In this latter characteristic, however (the smaller inclination of

the lavas near the sea, and their association there with modern cones of

eruption, such as M, N, o), there is a strict analogy between Madeira and
Palma. Buried cones of eruption. also occur at many points, as at i
and q, fig. 653, which have been overwhelmed by lavas flowing from the
central region. The aggregate thickness of the more solid basalts alter

nating with tuffs rarely exceeds 1500 feet; but below Pico S. Antonio,
or n, fig., p. 513, they attain a thickness of 3000 feet, being exposed to
view on the sides of a deep valley called the Curral, presently to be
mentioned.
As a general rule, the lavas of Madeira, whether vesicular or compact,

do not constitute continuous sheets parallel to each other. When viewed
in the sea-cliffs in sections transverse to the direction in which they
flowed, they vary greatly in thickness, even if followed for a few hundred
feet' or yards, and they usually thin out entirely in less than a quarter of
a mile. In the ravines which radiate from the centre of the island,
the beds are more persistent, but even here they usually are seen
to terminate, if followed for a few miles; their thickness also being
very variable, and sometimes increasing suddenly from a few feet to
many yards.

I saw no remains of fossil plants in any of the red partings or lateritcs
above alluded to; but Mr. Smith, of J'ordaiihull, was more fortunate in
1840, having met with the carbonized branches and roots of shrubs in
some red, clays under basalt near Funchal. Nevertheless, Mr. flartungand I obtained satisfactory evidence in the northern part of the island, in
the ravine of S. Jorge, of the former existence of terrestrial Yegotatlol),and consequently of the subaerial origin of a large portion of the lavas of
Madeira. At g in the section (fig. 653) the occurrence of a bed of im
pure lignite, covered by basalt, had long been known. Associated with
it, we observed several layers of tuff and clay or hardened mud, in one of
which leaves of dicotyledonous plants and of ferns abound. The latter,
according to Mr. Charles J'. F. Buubui"y, are referable to the genera
Spitenopieris, Adianturn?, Pecopteris, and Woodwardia, one of them
having the peculiar venation of W'oodwardia radicans, a species now
common in Madeira. Among the dicotyledonous leaves, some are ap
parently of the myrtle family, the larger proportion having their surfaces
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smooth and unwrinkled, with a somewhat rigid and coriaceous texture,
and with undivided or entire margins. "These characters," observes Mr.

Bunbury, "belong to the laurel-type, and indicate a certain analogy be
tween the ancient vegetable remains and the modern forests of Ma
deira, in which laurels and other eergrcens abound, with glossy cmi
accous and entire-edged leaves, while below them there is an under

growth of ferns and other plants."
The lignite above mentioned and the leaf-bed occur at the height of

1000 feet above the level of the sea, and are overlaid by superimposed
basalts and scorke, 1100 feet thick, implying the existence of an ancient
terrestrial vegetation long before a large part of Madeira had been built

up. The nature of the tuffs accompanying the lignite, together with
some agglomerates in the vicinity, entitles us to presume that near this

spot a series of eruptions once broke out. Nor is it improbable that
there may have been here the crater of some lateral cone in which the

lignite and leaf-bed accumulated for, although craters are remarkably
rare in Madeira, when we consider how considerable is the number of

perfect cones, yet on the mountain called Lagoa, 2 miles west of
Machico, a crater as perfect as that of Astroni near Naples may be seen.
At the bottom of this circular cavity (fig. 654), which is about 150

feet deep, is a plain about 500 feet in diameter, having a pond in the

middle, towards which the plain slopes gently from all sides. Such

ponds are often seen in the interior of extinct craters. Except in the

middle it is shallow, and supports aquatic plants. Many leaves must also

be blown into it from the surrounding heights when high winds prevail,
so that a mass of peaty matter convertible into lignite may collect here.

Fig. 654.

In this cuts taken from a sketch of my own, the depth of the crater may appear
too great, unless it is borne in mind that there arc no trees visible, and most of
the bushes tire of the Madeira whiortleberry C Vaceinium Madeirense) five or six
feet high. Immediately behind the foreground an artificial mound is seen thrown

up as a fence.

Had streams of lava descending from greater heights entered this

Lagoa crater, they would have ibrined dense masses of compact rock

Crater of Iioa 2 itilies west of Maclike, Mndclra.
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cooling slowly under great pressure, like those now incumbent on the

impure lignite of S. Jorge. The dip of the latter cannot be clearly deter

mined, since it is exposed to view for too short a distance; and the same

may be said of the leaf-bed, part of which may be traced lower down

the ravine. It seems, however, to dip to the north or towards the sea

conformably with the general inclination of the basaltic and tufaceous

strata.
A deep valley, called the Curral (n, fig. 655), surrounded by precipices

from 1500 to 2500 feet high, and by peaks of still greater elevation,

occurs in the middle of Madeira. It has been compared by some to a

crater or caldera, for its upper portion is situated in the region where

dikes and ejectamenta abound. The Curral, however, extends, without

diminishing in depth, to below the region of numerous dikes, and it lays

open to view all the beds n, s, fig. 653. Nor do the volcanic masses dip

away in all directions from the Curral, as from a central point, or from

the hollow axis of a cone. The Curral is in fact one only of three

great valleys which radiate from the most mountainous district, a second

depression, called the Serra d'Agoa (o, fig. 655), being almost as deep.
This cavity is also drained by a river flowing to the south ; while a third

valley, namely, that of the Janehia, sends its waters to the north. The
section alluded to (fig. 655), passing through p of the axis of the
island in an E. and W. direction, shows how the Curral and Serra

d'Agoa, n and D, are separated by a narrow and lofty ridge, c, p' of

Fig. 65.
West. East.

which is surmounted by the Pico Grande, before mentioned, nearly 5400
feet high. There is no essential diflreuce between the shape of these
three great valleys and many of those in the Alps and Pyrenees, where
the valley-making process can have had no connection with any superfi
cial volcanic action.

In the Alps, no doubt., as in other lofty chains, the formation of val
leys has been greatly aided by subterranean movements, both gradualand violent, and by the dislocation of rocks. The same may be true of
Madeira and of almost every lofty volcanic region; but, when we reflect
that the central heights A and n, fig. 653, are more than 6000 feet above
the sea, and that the waters flowing from them, swollen by melted snows,
reach the sea by a course of not much more than 0 miles in the case of
those draining the Curral, and by nearly as short a route in the Serra
d'Agoa, we shall be prepared for almost any amount of denudation effected
simply by subaerial erosion.

Section through 11)0 central region qfMadeira, from East to West.A. Part of the platform, called the Paul da Serra. B. Curral: a valley, 8000 feet (ICOp.0. 1'Ico Grande. D. The valley ofthe Serra d'goa.
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The general absence of water-worn pebbles in the tuffs underlying the
Madeira lavas is very striking, and contrasts with the frequent occurrence
of gravel-beds under so many of the Auvergne lavas. It simply proves
that Madeira, like the volcanic mountains of Java, or like Mount Etna or
Mona Loa in the Sandwich Islands, could not, for reasons before given,
p. 475, support a single torrent so long as eruptions were frequent on its

slopes. The period, therefore, of fluviatile erosion must have been sub

sequent to the formation of the central nucleus of ejectamenta, c, fig.,
p. 513, and of the lavas, d, ibid. When we infer that these were of

supramarine origin as far down as the line p, , t, and, perhaps lower, it
follows that a lofty island, 4000 feet or more in height, must have resulted,
even if no upheaval had over occurred.
The movements which upraised the marine deposits of San Vicente

may or may not have extended over a wide aica, flow far they modified
the form of the island, or added to its height, is a fair subject of specula
tion; and whether the steep dip of the lavas seen in the ravines inter

secting the slopes of the mountain, f it and c g, can be ascribed to such
movements. The lavas of more modern date, near Funchal, may be

imagined to remain comparatively horizontal, because they have escaped
the influence of disturbing forces to which the older nucleus was exposed.
Without discussing this point (so fully treated of in reference to Palma),
t may observe that unquestionably different parts of Madeira have been
formed in succession. Near Porte da Cruz, for example, on the northern
coast, trachytes of a gray, and trachytic tuffs almost of a white color,
in slightly inclined or almost horizontal beds, have partially filled up
deep valleys previously excavated through the older and inclined basaltic
rocks (dipping at an angle of 100 to the north), under which the leaf-bed
and lignite before mentioned, fig. 653, p. 513, lie buried. During the
convulsions which accompanied the outpouring of every newer series of
h'was, the older rocks may have been more or less disturbed and tilted,
without destroying the general form of the old dome-shaped mountain

supposed by us to have been the result of repeated eruptions from the
central vents.
The locality just referred to of Porte da Cruz exemplifies, not only

the long intervals of time which separated the oulfiowing of distinct sets
of lavas, but also the precedence of the basaltic to the trachytic out

pourings. So also on the southern slope of Madeira, I observed between
the Jardim and Pico Bodes, situated in a direct line about six miles north
west of Funclial, a well-marked series of trachytic rocks of considerable

thickness occupying the highest geological position. They consist of
white and gray trachytes, occurring at points varying from 2500 to $500
feet above the sea. Their position may be understood by supposing
them to constitute the uppermost beds represented at it in the section,

fig. 653, " 513, and on the slope above h. The doctrine, therefore, that
in each series of volcanic eruptions the trachytic lavas flow out first, and
after them the basaltic kinds (see p. 522), is by no means borne out in
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Madeira, although some of the newest currents, like those at the foot of

the cones, M, N, o, fig. 653, are basaltic.

I may here allude to another feature in the mineralogical structure of

Madeira, namely, that most commonly the iipperinot of all the volcanic

rocks, when we ascend to heights of 1200 feet or more above the sea,

consist of compact fchspatliic trap, with much oliviue, separating into

spheroidal masses several feet in diameter, especially when some of the

contained iron has become more highly oxidated in the atmosphere. M.

Delesse, after examining my specimens, informs me that in France they

would call this rock basalt, although it is often without augite, and

simply a mixture of blackish green 1lspar with olivine. Whatever name

we assign to it, the superficial envelope of the island, not only in the line

of section followed in fig. 653, p. 513, but also very generally, may be

said to consist of this trap, except near the sea, where basalts occur which

have not the same spheroidal structure.

Among other indications of a considerable difference of age, e#n in

the superficial volcanic formations of Madeira, I may remark, that many
of the central peaks, such as A, fig. 653, seem to be the mere skeletons
of cones of eruption; whereas the forms of the more modern cones, such
as M, , o, are regular, and have no protruding dikes on their summits or
flanks.
The newest lavas also in Madeira have, in one district at least, a

singularly recent aspect as compared to those of older date, which are

decomposed superficially, often to the depth of several feet or yards. I
allude to the lava currents near Port Moniz, one of which is as rough
and bristling as are some streams before alluded to in Palma (p. 508) of
historical date. I am indebted to Mr. ilartung for the annexed drawing
of a lava at Port Moniz, which I did not visit myself. It is traversed by

Fig. 65O.

a channel, a, like one of those already described, p. 503. For how longa period such characters may be retained is uncertain, so much does this
depend on the mineral composition of the rock. Some of the Jams of
Auvrgnc of prehistorical date and certainly of high antiquity, two almostas rugged; so that this freshness of aspect is only a probable indicationof a relatively modern origin.

Surface or Java near Port Monlz, N. W. point of Madeira; from a i1raing by M. Ilartung.
a. Channel traversing tho lava.







Cu. XXX.1 TESTS OF AGE OF VOLCANIC ROOKS. 519

CHAPTER XXX.

ON THE DIFFERENT AGES OF THE VOLOANIO ROCKS.

Tests of relative ages of volcanic rocks-Tests by superposition and intrusion-.
Dike of Quarrington 11111, Durham-Test by alteration of rocks in contact
Test by organic remains-Test of ago by mineral character-Test by included
fragments-Volcanic rocks of the Post-Pliocene period-Basalt of Bay of
Treiza in Sicily-Post-Pliocene volcanic rocks near Naples-Dikes of Somma
-Igneous formations of the Newer Pliocene period-Val di Noto in Sicily.

HAVING referred the sedimentary strata to a long succession of geo
logical periods, we have now to consider bow far the volcanic formations
can be classed in a similar chronological order. The tests of relative

age in this clash of rocks are four : - 1st, superposition and intrusion,
with or without alteration of the rocks in contact; 2d, organic remains;
3d, mineral characters ; 4th, included fragments of older rocks.

Tests by supciposition, dc. -If a volcanic rock rests upon in aqueous
deposit, the former must be the newest of the twe; but the like rule does
not hold good where the aqueous formation rests upon the volcanic, for
melted matter, rising from below, may penetrate a sedimentary mass

without reaching the surface, or may be forced in conformably between

two strata, as b at n in the annexed figure (fig. 656), after which it may
cool down and consolidate. Superposition, therefore, is not of the same

Fig. 657.

value as a test of age in the unstratified volcanic rocks as in fossiliferous
formations. Wo can only rely implicitly on this test where the volcanic

rocks are contemporaneous, not where they are intrusive. Now they
are said to be contemporaneous if produced by volcanic action, which

was going on simultaneously with the deposition of the strata with which

they are associated. Thus in the section at D (fig. 056), we may per

haps ascertain that the trap b flowed over the fossiliferous bed c, and
that, after its consolidation, a was deposited upon it, a and c bothbelong

ing to the same geological period. But if the stratum a be altered by
b at the point of contact, we must then conclude the trap to have been

intrusive, or if, in pursuing for some distance, we find at length that
it cuts through the stratum a, and then overlies it as at E.

We may, however, be easily deceived in supposing a volcanic rock to
be intrusive, when in reality it is contemporaneous; for a sheet of lava,
as it spreads over the bottom of the sea, cannot rest every where upon
the same stratum, either because these have been denuded, or because:

'I
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if newly thrown down, they thin out in certain places, thus allowing the

lava to cross their edges. Besides, the heavy igneous fluid will often, as

it moves along, cut a channel into beds of soft mud and sand. Suppose

the submarine lava F, fig. 658, to have

come in contact in this manner with the Fig. 653.

strata a, b, c, and that after its coimsolida

Lion, the strata d, c, are thrown down in a

nearly horizontal position, yet so s to lie

uncoulormably to F, the appearance of

subsequent intrusion will hero be corn-

plete, although the trap is in fact con-

temporaneous. We must not, therefore, liast ly infer that the rock F

intrusive, unless we find the strata d, e, or c to have been altered at their

junction, as if by heat.

When trap dikes were described in the preceding chapter, they were

shown to be more modern than all the strata which they traverse. A

basaltic dike at Quarrington Hill, near Durham, passes through coal.
measures, the strata of which are inclined, and shifted so that those on
the north side of the dike are 24 feet above the level of the correspond.

Fig. 69.
Thg:iesia;& limestone.

ing beds on the south side (see section, fig. 659). But the horizontal
beds of overlying Red Sandstone and Magnesian Limestone are not cut
through by the dike. Now here the coal-measures were not only depos
ited, but had subsequently been disturbed, fissured, and shifted, before
the fluid trap now forming the dike was introduced into a rent. It is
also clear that some of the upper edges of the coal strata, together with
the upper part of the dike, had been subsequently removed by denucla
turn before the lower New Red Sandstone and Magnesian Limestone
were superimposed. Even in this case, however, although the date of
the volcanic eruption is brought within narrow limits, it cannot be defined
with precision; it may have happened either at the close of the Carbo
niferous period, or early in that of the Lower New Red Sandstone, or
between these two periods, when the state of the animate creation and
the physical geography of Europe were gradually changing from the typeof the Carboniferous era to that of the Permian.

Coal. Dike. Coal. N.
Section at Quarrlngton 11121, cast of Durbnm. (Sedgwick.)a. Magnosian Limestone (Pcrmlxrn). b. Lower New Red Sandstone.

c. Coal strata.
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The test of age by superposition is strictly applicable to all stratified
volcanic tuffs, according to the rules already explained in the case of
other sedimentary deposits. (See p. 07.)

Test of age by organic remains.-We have seen how, in the vicinity
of active volcanos, scorize, pumice, fine sand,.and fragments of rock are
thrown up into the air, and then showered down upon the land, or into

neighboring lakes or seas. In the tuffs so formed shells, corals, or any
other durable organic bodies which may happen to be strewed over the
bottom of a lake or sea will be imbedded, and thus continue as permanent
memorials of the geological period when the volcanic eruption occurred.
Tufaccous strata thus formed in the neighborhood of Vesuvius, Etna, Strom
boli, and other volcauds now active in islands or near the sea, may give
information of the relative age of these tuft's at some remote future period
when the fires of these mountains are extinguished. By evidence of this
kind we can establish a coincidence in age between volcanic rocks, and
the different primary, secondary, and tertiary fossiliferous strata.
The tuft's alluded to may not always be marine, but may include, in

some places, freshwater shells; in others, the bones of terrestrial quad
rupeds. The diversity of organic remains in formations of this nature is

perfectly intelligible, if we reflect on the wide dispersion of ejected matter

during late eruptions, such as that of the volcano of Coseguina, in the

province of Nicaragua, January 19, 183. Hot cinders and flue scoii
were then cast up to a vast height, and covered the ground as they fell
to the depth of more than 10 feet, and for a distance of S leagues from
the crater in a southerly direction. Birds, cattle, and wild animals were
scorched to death in great numbers, and buried in ashes. Some volcanic
dust fell at Chiapa, upwards of 1200 miles, not to leeward of the volcano,
as might have been anticipated, but to windward, a striking proof of a
counter current in the upper region of the atmosphere; and some on Ja
maica, about 100 miles distant to the northeast. In the sea, also, at the
distance of 1100 miles from the point of eruption, Captain Eden of the

Conway sailed 40 miles through floating pumice, among which were some

pieces of considerable size.*

Test of age by mineral composition.-As sediment of homogeneous
composition, when discharged from the mouth of a large river, is often

deposited simultaneously over a wide space, so a particular kind of lava,

flowing from a crater during one eruption, may spread over an extensive
area; as in Iceland in 1783, when the melted matter, pouring from.

Skaptar Jokul, flowed in streams in opposite directions, and caused a

continuous mass, the extreme points of which were 00 miles distant from
each other. This enormous current of lava varied in thickness from 100
feet to 000 feet, and in breadth from that of a narrow river gorge to 15

mniles.t Now, if such a mass should afterwards be divided into separate

* C!ahlelcugh, Phil. Trans. 1830, p. 27.

f See Principles, Index, "Skaptar Jokul."
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fragments by denudation, we might still perhaps identify the detached

portions by their similarity in mineral composition. Nevertheless, this

test will not always avail the geologist; for, although there is usually a

prevailing character in lava emitted dining the same eruption, and even

in the successive currents flowing from the same volcano, still, in many

cases, the different parts even of one lava-stream, or, as before stated, of

one continuous mass of trap, vary much in mineral composition and

texture.
In Auvergne, the Eifel, and other countries where trachyte and basalt

are both present., the trachytic rocks are for the most part older than the

basaltic. These rocks do, indeed, sometimes alternate partially, as in the

volcano of Mont Dor, in Auvergne; and we hav seen that in Madeira

trachytic rocks may overlie an older basaltic series (p. 517) ; but the great
mass of trachyto occupies more generally, perhaps, an inferior position, and
is cut through and overflowed by basalt. It can by no means be inferred
that tiachyto predominated at one period of the earth's history and basalt
at another, for we know that trachytic lavas have been formed at many
successive periods, and are still emitted from many active craters ; but it
seems that in each region, where a long series of eruptions have occurred,
the more feispathic lavas have been first emitted, and the escape of the
more augitic kinds has followed. The hypothesis suggested by Mr.

Scrope may, perhaps, afford a solution of this problem. The minerals,
he observes, which abound in basalt are of greater specific gravity than
those composing the feispathic lavas; thus, for example, hornblende,
augite, and olivine arc each more than three times the weight of water;
whereas common feispar, albite, and Labrador feispar, have each scarcely
more than 2 times the specific gravity of water; and the difference is
increased in consequence of there being much more iron in a metallic
state in basalt and greenstono than in traeliytc and other feispathic lavas
and trap rocks. If, therefore, a large quantity of rock be melted up
in the bowels of the earth by volcanic heat., the denser ingredients of
the boiling fluid may sink to the bottom, and the lighter remaining
above, would in that case be first propelled upwards to the surface
by the expansive power of gases. Those materials, therefore, which
occupied the lowest place in the subterranean reservoir will always be
emitted last, and take the uppermost place on the exterior of the earth's
crust.

Test by included j,.açjnzen1s.__vre may sometimes discover the




rela
tive age of two trap rocks, or of an aqueous deposit and the trap on which
it rests, by finding fragments of one included in the other, in cases suchas those before alluded to, where the evidence of superposition alone
would be inSufficicuL It is also not uncommon to find a conglomeratealmost

exclusively composed of rolled pebbles of trap, associated withsome fossiliferous stratified formation in the neighborhood of massive
trap. If the pebbles agree generally jn mineral character with the
latter, we are then enabled to determine its relative nge by knowingthat, of the fossiliferous strata associated with the conglomerate. The



Off. XXX.] POST-PLIOCENE VOLCANIC ROCKS. 523

origin of such conglomerates is explained by observing the shingle
beaches composed of trap pebbles in modern volcanic islands, or at the
base of Etna.

Post-Pliocene Period (including the Recent). - I shall now select
examples of contemporaneous volcanic rocks of successive geological
periods, to show that igneous causes have been in activity in all past
ages of the world, and that they have been ever shifting the places
where they have broken out at the earth's surface.

One portion of the lavas, tuffs, and trap-dikes of Etna, Vesuvius,
and the Island of Isehia, has been prduccd within the historical era;
another, and a far more considerable part., originated at times immedi
ately antecedent, when the waters of the Mediterranean were already
inhabited by the existing species of testacea. The southern and eastern
flanks of Etna are skirted by a fringe of alternating sedimentary and
volcanic deposits, of submarine origin, as at Adernd, Trezza, and other
places. Of sixty-five species of fossil shells which I procured in 1828
from this formation, near Trezza, it was impossible to distinguish any
one from species now living in the neighbouring sea.
The (Jyclopian Islands, called by the Sicilians Dci Faragiloni, in the

sea-cliffs of which these beds of clay, tuff, and associated lava are laid

open to view, are situated in the Bay of Trezza, and may be regarded

Fig. 660.

,

as the extremity of a promontory severed from the main land. Here
numerous proofs are seen of submarine eruptions, by which the argilla
ceous and sandy strata were invaded and cut through, and tufaceous
breccias formed. Inclosed in these breccias are ninny angular and har
dened fragments of laminated clay in different states of alteration by heat,
and intermixed with volcanic sands.
The loftiest of the (Jyclopiau islets, or rather rocks, is about 200 feet

in height, the summit being formed of a mass of stratified clay, the
laminc of which are occasionally subdivided by thin arenaceous layers.

This view of the Isle of Cyclops 18 from an original drawing by my friend
the late Capt. Basil Hall, R. N.




--

View of the Isle of Cyclops, in the Bay of Trezza.*



524 VOLCANIC ROOKS OF [Cu. XXL

These strata dip to the N. W., and rest on a mass of columnar lava (sea

fig. 660), in which the tops of the pillars are weathered, and so rounded

as to be often hemispherical. In some places in the adjoining and largest

islet of the group, which lies to the north-eastward of that represented

in the drawing (fig. 660), the overlying clay has been greatly altered,

and hardened by the igneous rock, and occasionally contorted in the

most extraordinary manner; yet the lamination has not been obliterated,

but, on the contrary, rendered much more conspicuous, by the indurat

ing process.
In the annexed woodcut (fig. 661) I have represented a portion of

the altered rock, a few feet square, where the alternating thin lamin

flg.
of sand and clay have put on

the appearance which we often

observe in some of the most

f

contorted of the metamorphic
schists.

A great fissure, running from

east to west, nearly divides this

/ larger island into two parts and

/ lays open its internal structure.
In the section thus exhibited, a

/
dike of lava is seen, first cutting
through an older mass of lava,
and then penetrating the super
incumbent tertiary strata. In
one place the lava ramifies and
terminates in thin veins, from a
few feet to a few inches in
thickness. (Sec fig. 662.)
The arenaceous lamin are

much hardened at the point of
contact, and the clays are cone
verteci into siliceous schist. In
this island the altered rocks as

Contortions ofstrata in the largest of the OycIoplan sume a honeycombed structure
Islands.




on their weathered surface, sin
gularly contrasted with the smooth and oven outline which the same
beds present in their usual soft and yielding state.
The pores of the lava are sometimes coated, or entirely filled with

carbonate of lime, and with a zeolite resembling analcime, which has
been called cyclopite. The latter mineral has also been found in small
fissures traversing the altered marl, showing that the same cause which
introduced the minerals into the cavities of the lava, whether we sup.Pose sublimation or aqueous infiltration, conveyed it also into the openrents of the contiguous sedimentary strata.

PoS1PiioCcncforn1atjo;is near Naples.-I have traced in the "Prin.
cipics of Geology" the history of the changes which the volcanic region
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Clay. Lava. Clay. Altered. Lam. Clay, &t..
b. a. b. c. a. is.

Pot-Pliocene strata invaded by lava, We of Cyclops horizontal section).a. Lava. is. Laminated cloy and sand. c. The same altered.

of Campania is known to have undergone during the last 2000 years.
The aggregate effect of igneous operations during that period, is far
from insignificant., comprising as it does the formation of the modern
cone of Vesuvius since the year 79, and the production of several minor
cones in Ischia, together with that of Monte Nuovo in the year 1538.
Lava-currents have also flowed upon the land and along the bottom of
the sea -volcanic sand, pumice, and scorhe have been showered down
so abundantly, that whole cities were buried -tracts of the sea have
been filled up or converted into shoals-and tufaceous sediment has
been transported by rivers and land-floods to the sea. There are also

proofs, during the same recent period, of a permanent alteration of the

relative levels of the land and sea in several places, and of the same
tract having, near Puzzuoli, been alternately upheaved and depressed to

the amount of more than 20 feet. In connection with. these convul

sions, there are found, on the shores of the Bay of Bahe, recent tufa

ceous strata, filled with articles fabricated by the hands of man, and

mingled with marine shells.
It was also statedin this work (p. 110), that when we examine this

same region, it is found to consist largely of tufaccous strata, of a date

anterior to human history or tradition, which are of such thickness as

to constitute hills from 500 to more than 2000 feet in height. These

post-pliocenc strata, containing recent marine shells, alternate with dis

tinct currents and sheets of lava which were of contemporaneous origin;
and we find that in Vesuvius itself, the ancient cone called Somma is of
far greater volume than the modern cone, and is intersected by a far

greater number of dikes. In contrasting this ancient part of the inoun

thin with that of modern date, one principal point of difference is ob

served; namely, the greater frequency in the older cone of fragments
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of altered sedimentary rocks ejected during eruptions. We may easily

conceive that the first explosions would act with the greatest violence,

rending and shattering whatever solid masses obstructed the escape of

lava and the accompanying gases, so that great heaps of ejected pieces

of rock would naturally occur in the tufaccous breccias formed by the

earliest eruptions. But when a passage had once been opened, and an

habitual vent established, the materials thrown out would consist of

liquid lava, which would take the form of sand and scori, or of angu

lar fragments of such solid lavas as may have choked up the vent..

Among the fragments which abound in the tufaccous breccias of

Somma, none are more common t.hau a saccharoid dolomite, supposed

to have been derived from an ordinary limestone altered by heat and

volcanic vapours.
Carbonate of lime enters into the composition of so many of the

simple minerals found in Somma, that M. Mitscherlich, with much pro

bability, ascribes their great variety to the action of the volcanic heat

on subjacent masses of limestone.
Dikes of Somma. -The dikes seen in the great escarpment which

Somma presents towards the modern cone of Vesuvius are very nume

rous. They are for the most part vertical, and traverse at right angles
the beds of lava, scorke, volcanic brcccia, and sand, of which the ancient
cone is composed. They project in relief several inches, or sometimes
feet, from the face of the cliff, being extremely compact, and less de
structible than the intersected tuffs and porous lavas. In vertical extent

they vary from a few yards to 500 feet, and in breadth from 1 to 12 feet.
Many of them cut all the inclined beds in the escarpment of Somm
from top to bottom, others stop short before they ascend above half way,
and a few terminate at both ends, either in a point or abruptly. In
mineral composition they scarcely differ from the lavas of Somma, the
rock consisting of a base of leucite and augite, through which large
crystals of augite and some of leucite are scattered.* Examples are not
rare of one dike cutting through another, and in one instance a shift or
fault is seen at the point of intersection.

In some cases, however, time rents seem to have been filled laterally,
when the walls of the crater had been broken by star-shaped cracks, as
seen in the accompanying wood-cut (fig. 663). But the shape of these
rents is an exception to the general rule; for nothing is more remarka
ble than the usual parallelism of the opposite sides of the dikes, which
correspond almost as regularly as the two opposite faces of a wall of
masonry. This character appears at first the more inexplicable, when
we consider how jagged and uneven are the rents caused by earthquakesin masses of heterogeneous composition, like those composing the cone
of Somma. In explanation of this phenomenon, N. Ncckcr refers us
to Sir W. Hamilton's account of an eruption of Vesuvius i the year.

. L A. Neeker, Minm. do la Soc. do Phys. et d'flist. Nat. do Guve, torn. ii.
part 1 Nov. 1822.
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Fig. 66&

1779, who records the following facts:- "The lavas, when they either
boiled over the crater, or broke out from the conical parts of the volcano,
constantly formed channels as regular as if they had been cut by art
down the steep part of the mountain; and, whilst in a state of pxfect
fusion, continued their course in those channels, which were sometimes
fall to the brim, and at other times more or less so, according to the

quantity of matter in motion.
"These channels, upon examination after an eruption, I have found

to be in general from two to five or six feet wide, and seven or eight
feet deep. They were often hid from the sight by a quantity of scori
that had formed a crust over them; and the lava, having been conveyed
in a covered way for some yards, came out fresh again into an open chan
nel. After an eruption, I have walked in some of those subterraneou
or covered galleries, which were exceedingly curious, the sides, top, and
bottom being worn pefcct1y smooth ana even, in most parts, by the vio
lence of the currents of the red-hot lavas which they had conveyed for

many weeks successively. "t
Now, the walls of a vertical fissure, through which lava has ascended

in its way to a volcanic vent, must have been exposed to the same ero
sion as the sides of the channels before adverted to. The prolonged and
uniform friction of the heavy fluid, as it is forced and made to flow up
wards, cannot fail to wear and smooth down the surfaces on which it
rubs, and the intense heat must melt all such masses as project and
obstruct the passage of the incandescent fluid.
The texture of the Vesuvian dikes is different at the edges and in the

middle. Towards the centre, observes M. Necker, the rock is larger
grained, the component elements being in a far more crystalline state;
while at the edge the lava is somewhat vitreous, and always finer grained.
A thin parting band, approaching in its character to pitelistone, occasion-

From a drawing of M. Necker, in Mm. above cited.

f Phil. Trans. vol. Jxx. 1780.

Dikes or 'coins at tho Punto del NMOnO on Sonuna. (Neoker.*)
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ally intervenes, on the contact of the vertical dike and intersected beds.

M. Necker mentions one of these at. the place called Primo Monte, in the

Airio del Cavallo; and when I examined Somnia, in 1828, I saw three

or four others in different parts of the great escarpment. These phenom-

ena are in perfect harmony with the results of the experiments of Sir

James Hall and Mr. Gregory Watt, which have shown that a glassy tex

ture is the effect of sudden cooling, while, on the contrary, a crystalline

grain is produced where fused minerals are allowed to consolidate slowly

and tranquilly under high pressure.
It is evident that the central portion of the lava in a fissure would,

during consolidation, part with its heat more slowly than the sides,

although the contrast of circumstances would not be so great as when we

compare the lava near the bottom aid at the surface of a current flow

ing in the open air. In this case the uppermost part., where it has been

in contact with the atmosphere, and where refrigeration has been most

rapid, is always found to consist of scoriform, vitreous, and porous lava;

while at a greater depth the mass assumes a more hithoidal structure,

and then becomes more and more stony as we descend, until at length
we are able to recognize with a magnifying glass the simple minerals of
which the rock is composed. On penetrating still deeper, we can detect
the constituent parts by the naked eye, and in the Vcsuvian currents
distinct crystals of augite and leucite become apparent.
The same phenomenon, observes M. Nccker, may readily be exhibited

on a smaller scale, if we detach a piece of liquid lava, from a moving
current. The fragment cools instantly, and we find the surface covered
with a vitreous coat; while the interior, although extremely fine-grained,
has a more stony appearance.

It must, however, be observed, that although the lateral portions of
the dikes are finer grained than the central, yet the 'vitreous parting
layer before alluded to is rare in Vesuvius. This may, perhaps, be
accounted for, as the above-mentioned author suggests, by the great heat
which the walls of a fissure may acquire before the fluid mass begins to
consolidate, in which case the lava, even at the sides, would cool very
slowly. Some fissures, also, may be filled from above, as frequently
happens in the volcanos of the Sandwich Islands, according to the obser
vations of Mr. Dana; and in this case the refrigeration at the sides
would be more rapid than when the melted matter flowed upwards from
the volcanic foci, in an intensely heated state. Mr. Darwin informs me
that in St. Helena almost every (like ha a vitreous sclvaac.

VThe
rock composiDg the dikes both in the modern andcancient part of

"Suvius is far more compact than that of ordinary lava, for the pres.sure of a column of melted matter in a fissure greatly exceeds that in
an ordinary stream of lava; and pressure checks the expansion of those
gases which give rise to vesicles in lava.

hThere
is a tendency in Itimost all the Vesuvian dikes to divide into

orizontal prisms, a phenomenon in accordance with the formation O
vertical Columns in horizontal beds of lava; for in both cases the dlvi-
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sions which give rise to the prismatic structure are at right angles to the

cooling surfaces.
Newer Fliocene Period- T'zl di .?Toto.-I have already alluded (see

p. 156) to the igneous rocks which are associated with a great marine

formation of limestone, sand, and marl, in the southern part of Sicily,
as at Vizzini and other places. In this formation, which was shown to

belong to the Newer Pliocene period, large beds of oysters and corals

repose upon lava, and are unaltered at the point of contact. In other

places we find dikes of igneous rock intersecting the fossiliferous beds,
and converting the clays into siliceous schist., the lamina being contorted
and shivered into innumerable fragments at the junction, as near the

town of Vizzini.
The volcanic formations of the Val di Noto usually consist of the

most ordinary variety of basalt) with or without olivine. The rock is
sometimes compact, often very vesicular. The vesicles are occasionally
empty, both in dikes and currents, and are in some localities filled with
calcareous spar, arragonite, and zeolites. The structure is, in some

places, spheroidal; in others, though rarely, columnar. I found dikes
of amygdaloid, wacké, and prismatic basalt, intersecting the limestone
at the bottom of the hollow called Gozzo degli Martin, below Melilii.

Dikes.-Dikes of vesicular and amygclaloidal lava are also seen tra

versing marine tuff or peperino, west of Palagonia, some of the pores
of the lava being empty, while others are filled with carbonate of lime.

Pig. 664. Fig. 665.
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Oround-plan of dikes near Poingonla.

a. Lava.
b. Peperino, consisting of 'volcanic sand, mixed with

fragments of lava and limestone.

In such cases, we may suppose the peperino to have resulted from
showers of volcanic sand and scorial, together with fragments of lime.
stone, thrown out by a submarine explosion, similar to that which gave
rise to Graham Island in 1831. When the mass was, to a certain

degree, consolidated, it may have been rent open, so that the lava
ascended through fissures, the walls of which were perfectly even and

parallel. After the melted matter that filled the rent in fig. 664, had
cooled down, it must have been fractured and shifted horizontally by a
lateral movement.

In the second figure (fig. 665), the lava has more the appearance of a
vein which forced its way through the peperino. It is highly probable

34
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that similar appearances would be seen, if we could examine the floor

of the sea in that part of the Mediterranean where the waves have

recently washed away the new volcanic island; for when a superincum

bent mass of ejected fragments has been removed by denudation, we

may expect to see sections of dikes traversing tuff, or in other words,

sections of the channels of communication by which the subterranean

lavas reached the surface.




CHAPTER XXXI.

ON THE DIFFERENT AGES OF TilE VOLCANIC ROCKS-continued.

Volcanic rocks of the Older Pliocene period-Tuscany-Rome-Volcanic region
of Olot in Catalonia-Cones and lava-currents-Ravines and ancient gravel
beds-Jets of air called Bufadors-Age of the Catalonian volcanos-?lioceno
period-Brown coal of the iifel and contemporaneous trachytic breccias
Age of the brown-coal-Peculiar characters of the volcanos of the upper and
lower Eifel -Lake crater's- Trass-hungarian volcanos.

Older Pliocene Period-IIaly.-IN Tuscany, as at Radicofani, Viterbo,
and Aquapendente, and in the Campagna di Roma, submarine volcanic
tuft's are interstratificd with the Older Pliocene strata of the Subapennine
hills, in such a manlier as to leave no doubt that they were the products
of eruptions which occurred when the Shelly mans and sands of the Sub
apenume hills were in the course of deposition. This opinion I expressed*
after my visit to Italy in 1828, and it has recently (18O) been confirmed
by the aI'guinents adduced by Sir R. Murchison in favor of the submarine
origin of the earlier volcanic rocks of ILaly4 These rocks are well known
to rest conformably on the Subapennine mans, even as fur south as Monte
Mario in the suburbs of Rome. On the exact ago of the deposits of Monte
Mario new light has recently been thrown by a careful study of their
marine fossil shells, undertaken by MM. Rayneval, Vanden llcc.ke, and
Ponza. They have compared no less than 160 spccie4 with the shells of
the Corallino Crag of Suffolk, so well described by Mr. Seanles Wood;
and the specific agreement between the British and Italian fossils is SO
great, if we make due allowance for geographical distance and the differ
ence of latitude, that we can have little hesitation in referring both to the
same period or to the Older Pliocene of this work. It is highly probablethat, between the oldest trachytes of Tuscany and the newest rocks in the

See 1st edit. of Principles of Geology, vol. iii. chaps. xiii. and xiv. 1838; andformer edits, of this work, ch. xxxi.GeoL Quart. Journ. vol. vi. p. 281.
Catalogue dos Fossiles do Mot Mario, Rome, 1864.
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neighborhood of Naples, a series of volcanic products might be detected
of every age from the Older Pliocene to the historical epoch.

Catalonia.-Geologists are far from being able, as yet, to assign to
each of the volcaniq group scattered over Europe a precise geological
place in. the tertiary series; but I shall describe here, as probably refer
able to some part of the Pliocene period, a district of extinct volcanos
near O1ot in the north of Spain, which is little known, and which I visited
in the summer of 1830.
The whole extent of country occupied by volcanic products in Cata

lonia is not more than fifteen geographical miles from north to south, and
about six from east to west. The vents of eruption range entirely with.
a narrow baud running north and south; and the branches, which are

represented as extending eastward in the map, are formed simply of two
lava-streams-those of Caste!! Follit and Cellent.

Fig C(fl
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Volcanic district of Catalonia.

Dr. MacOlure, the American geologist, was thc.first who made known
the existence of these volcanos ;* and, according to his description, the
volcanic region extended over twenty square leagues, from Amer to
Massanet. I searched in vain in the environs of Massanet, in the Pyre
flees, for traces of a lava-current; and i can say, with confidence, that

* Maclure, Journ. do Pliys., vol. lxvi. p. 2), 1808; cited by Daubeny, Do
scription of Volcanos, p. 24.
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the adjoining map gives a correct view of the true area of the volcanic

action.

Qcoloi,ical structure of the district.-TIic eruptions have burst entirely

through iossi1ifcrous rocks, composed in great part of gray and greenish

sandstone and conglomerate, with some thick beds of 1lUflifltLliLiQ lime

stone. The conglomerate contains pebbles of quartz, limestone, anl

Lydian stone. This system of rocks is very extensively spread throughout
Catalonia; one of its members being a red sandstone, to wlii¬h the cele

brated salt-rock of Cardona, usually considered as of the cretaceous era,

is subordinate.
Near Amer, in the Valley of the Ter, on the southern borders of the

region delineated in the map, primary rocks are seen, consisting of gneiss,
mica-schist, and clay-slate. They run in a line nearly parallel to the

Pyrenees, and throw oil the fossilitrous strata from their nnks, causing
them to dip to the north and northwest. This dip, which is towards
the Pyrenees, is connected with a distinct axis of elevation, and pre.
vails through the whole area described in the map, the inclination of
the beds being sometimes at an angle of between 40 and 50 degrees.

It is evident that the physical geography of the country has under

gone no material change since the commencement of the era of the
volcanic eruptions, except such as has resulted from the introduction of
new hills of scoria, and currents of lava upon the surface. If the lavas
could be remelied and poured out again from their respective craters,
they would descend the same valleys in which they are now seen, and
re-occupy the spaces which they at present fill. The only difference in
the external configuration of the fresh lavas would consist in this, that
they would nowhere be intersected by ravines, or exhibit marks of ero
sion by running water.
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Volcanic cones and lavas.-There are about fourteen distinct cones
with craters in this part of Spain, besides several points whence lavas

may have issued; all of them arranged along a narrow line running
north and south, as will be seen in the map. The greatest number of

perfect cones are in the immediate neighborhood of Olot., some of which

(fig. G6'l, Nos. 2, 3, and 5) are represented in the above drawing; and
the level plain on which that town stands has clearly been produced by
the flouring down of many lava-streams from those lulls into the bottom
of a valley, probably once of considerable depth, like those of the sur

rounding country.
In the above drawing an attempt is made to represent, by the shading

of the landscape, the different geological formations of which the country
is composed.* The white line of mountains (No. 1) in the distance is
the Pyrenees, which are to the north of the spcetar, and consist of by
pogene and ancient fossiliferous rocks. In front of these are the fossilifer
ous formations (No. 4) which are in shade. Still nearer to us, the hills
2, 3, 5 are volcanic cones, and the rest of the ground on which the sun
shine falls is strewed over with volcanic ashes and lava.
The Fluvia, which flows near the town of Olot., has cut to the depth

of only 40 feet through the lavas of the plain before mentioned. The
bed of the river is hard basalt; and at the bridge of Santa Madaleua are
seen two distinct lava-currents, one above the other, separated by a hori
zontal bed of scorie 8 feet thick.

In one place, to the south of Olot, the even surface of the plain is
broken by a mound of lava, called the "Bosque de Tosca," the upper
part of which is scoriaceous, and covered with enormous heaps of frag
ments of basiilt, more or less porous. Between the numerous hummocks
thus formed are deep cavities, having the appearance of small craters.
The whole precisely resembles some of the modern currents of Etna, or
that of Come, near Clerinont; the last of which, like the Bosque de
Tosca, supports only a scanty vegetation.
Most of the Catalonian volcanoes are as entire as those in the neigh

borhood of Naples, or on the flanks of Etna. One of these, called

Montsacopa (No. 3, fig. G6'l), is of a very regular form, and has a cir
cular depression or crater at the summit. It is. chiefly made up of
red scoria3, undistingwshable from those of minor cones of Etna. The

neighboring hills of Olivet (No. 2) and Garrinada (No. 5) are of simi
lar composition and shape. The largest crater of the whole district
occurs farther to the east of Olot., and is called Santa Margarita. It is
455 feet deep, and about a mile in circumference. Like Astroni, near
Naples, it is richly covered with wood, wherein game of various kinds
abounds.

Although the volcanos of Catalonia have broken out through sand
stone, shale, and limestone, as have those of the Eifel, in Germany, tu
b described in the sequel, there is a remarkable difference in the nature

This view is taken from a sketch which I made on the spot in 1S39.
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of the ejections composing the cones in these two regions. In the Eifel,

the quantity of pieces of sandstone and shale thrown out from the vents

is often so immense as far to exceed in volume the scorire, pumice, and.

lava; but I sought in vain in the cones near Olot for a single fragment

of any extraneous rock; and Don Francisco Bolos, an eminet botanist

of Olot, informed me that he had never been able to detect any. Vol.

canie sand and ashes are not confined
Fig. 009.




to the cones, but have been some-
00




times scattered by the wind over the

country, and drifted into narrow val

leys, as is seen between Olot and

Cellent., where the annexed section

(fig. 668) is exposed. The light
a. Secondary conglomerate. cindery volcanic matter rests in thin
b. Thin seams of volcanic sand and scorire.

regular layers, just as it alighted on

the slope formed. by the solid conglomerate. No flood could have passed.

through the valley since the scoria fell, or these would have been for

the most part removed.
The currents of lava in Catalonia, like those of Auvergne, the Viva.

rais, Iceland, and all mountainous countries, are of considerable depth in
narrow defiles, but spread out into comparatively thin sheets in places
where the valleys widen. If a river has flowed on nearly level ground,
as in the great plain near Olot., the water has only excavated a channel
of slight depth; but where the declivity is great, the stream has cut a

deep section, sometimes by penetrating directly through the central part
of a lava-current, but more frequently by passing between, the lava and
the secondary or tertiary rock which bounds the valley. Thus, in the

accompanying section, fig. 669, at the bridge of Cellent, six miles east of
Olot, we see the lava on one side of the small stream; while the inclined
stratified rocks constitute the channel and opposite bank. The upper part
of the lava at that place, as is usual in the currents of Etna and Vesuvius,
is scoriaceous; farther down it becomes less porous, and assumes a sphe
roidal structure; still lower it divides in horizontal plates, each about 2
inches in thickness, and is more compact. Lastly, at the bottom is a
mass of prismatic basalt about five feet thick. The vertical columns often
rest immediately on the subjacent stratified rocks; but there is sometimes
an intervention of sand and scoric such as cover the country during vol
canic eruptions, and which, unless protected, as here, by superincumbentlava, is washed away from the surface of the land. Sometimes, the bed
ci contains a few pebbles and angular fragments of rock; in other placesfine earth, which may have constituted an ancient vegetable soil.

In several localities, beds of sand and ashes are interposed between
the lava and subjacent stratified rock, as may be seen if we follow the
course of th lava-cuITeut which descends from Las Planas towards
Amer, and stops two miles short of that town. The river there has
often cut through the lava, and through 8 feet of underlying limestone.
Occasionally an alluvium, several feet thick, is interposed between the
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Fig. 669..
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Section above the bridge of Cellont.
a. Scorinceous lava. . Seorin, vegetable soil, and alluvium.
ii. Schistoso btualL e. Nuinmulitlo limestone.
C. Columnar basalt. j Micaceous grey sandstone.

gncous and marine formations; and it is interesting to remark that in
this, as in other beds of pebbles occupying a similar position, there are
no rounded fragments of lava; whereas in-the most modern gravel-beds
of the rivers of this country, volcanic pebbles are abundant.

The deepest excavation made by a river through lava, which I ob
served in this part of Spain, is seen in the bottom of a valley near

San Feliu do Pallcróls, opposite the Castdll do Stolles. The lava there
has filled up the bottom of a valley, and a narrow ravine has been cut

through it to the depth of 100 feet. In the lower part the lava has a
columnar structure. A great number of ages were probably required
for the erosion of so deep a ravine; but we have no reason to infer that
this current is of higher antiquity than those of the plain near Olot.
The fail of the ground, and consequent velocity of the stream, being in
this case greater, a more considerable volume of rock may have been
removed in the same time.




Section at Castoll Pout.
A. Church and town of Castdll Follit, overlooking precipices of basalt..
B. Small Island, on each aids of which branches of the river Tcrouol flow to moot tho

Pluvia.
c. Precipice of basaltic lava, chiefly columnar, about 130 feet. in height.d. Ancient alluvium, underlying the lnva.current.
e. Inclined strata of secondary sandstoup.
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I shall describe one more section to elucidate the phenomena of this

district. A lava-stream) flowing from a ridge of hills on the east of

Olot, descends a considerable slope, until it reaches the valley of the

river Fluvia. Here, for the first time, it comes in contact with running

water, which has removed a portion, and laid open its internal structure

in a precipice about 180 feet in height., at the edge of which stands the

town of Caste11 Follit.

By the junction of the rivers Fluvia and Teronel the mass of lava has

been cut away on two sides; and the insular rock B (fig. 474) has been

left, which was probably never so high as the cliff A, as it may have con

stituted the lower part of the sloping side of the original current..

From an examination of the vertical cliff-3, it appears that the upper
part of the lava on which the town is built is scoriaceous, passing down

wards into a spheroidal basalt; some of the huge spheroids being no less

than 6 feet in diameter. Below this is a more compact basalt, with crys
tals of olivine. There are in all five distinct ranges of basalt, the upper.
most spheroidal, and the rest prismatic, separated by thinner beds not
columnar, and some of which arc schistose. These were probably formed

by successive flows of lava, whether during the same eruption or at dif
ferent. periods. The whole mass rests on alluvium, ten or twelve feet
in thickness, composed of pebbles of limestone and quartz, but without.

any intermixture of igneous rocks; in which circumstance alone it

appears to differ from the modern gravel of the Fluvia.
Bufadors. -The volcanic rocks near Olot have often a cavernous

structure, like some of the lavas of Etna; and in many parts of the hill
of Batet, in the environs of the town, the sound returned by the earth,
when struck, is like that of an archway. At the base of the same hill
are the mouths of several subterranean caverns, about twelve in num
ber, called in the country "bufadors," from which a current of cold
air issues during summer, but which in winter is said to be scarcely
perceptible. I visited one of these bufadors in the beginning of August,
1830, when the heat of the season was unusually intense, and found a
cold wind blowing from it, which may easily be explained; for as the
external air, when rarefied by heat, ascends, the pressure of the colder
and heavier air of the caverns in the interior of the mountain causes it
to rush out to supply its place.
In regard to the age of these Spanish volcanos, attempts have be-en

made to prove, that in this country, as well as in Auvergne and the
]ifel, the earliest inhabitants were eye-witnesses to the volcanic action.
In the year 1421, it is said, when Olot was destroyed by an earthquake)an eruption broke out near Amer, and consumed the town. The re
searches of Don Francisco Bolos lmve, I think, shown, n the most
satisfactory manner, that there is no good. historical foundation for the
latter part of this story; and any geologist who has visited Amer mustbe convinced that there never was any eruption on that spot. It is truethat, in the year above mentioned, the whole of Olot, with the exception
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of a single house, was cast down by an earthquake; one of those shocks

which, at distant intervals during the last five centuries, have shaken the

Pyrenees, and particularly the country between Perpignan and Olot,

where the movements, at the period alluded to, were most violent.

The annihilation of the town may, perhaps, have been duo to the cav

ernous nature of the subjacent rocks; for Catalonia is beyond the line of

those European earthquakes which have, within the period of history, de

stroyed towns throughout extensive areas.
As we have no historical records, then, to guide us in regard to the

extinct volcanos, we must appeal to geological monuments. The annexed

diagram, fig. 671, will present to the reader, in a synoptical form, the re

sults obtained from numerous sections.
The more modern alluvium (d) is partial, and has been formed by

Fig. 671.

the action of rivers and floods upon the lava; whereas the older gravel

(b) was strewed over the country before the volcanic eruptions. In

neither have any organic remains been discovered; so thatwe can merely
affirm, as yet, that the volcanos broke out after the elevation of some

of the newest rocks of the nummulitic (Eocene) series of Catalonia, and

before the formation of an alluvium (d) of unknown date. The integrity
of the cones merely shows that the country has not been agitated by vio

lent earthquakes, or subjected to the action of any great flood since their

origin.
East of Olot, on the Catalonian coast., marine tertiary strata occur,

which, near Barcelona, attain the height of about 500 feet. From the

shells which I collected, these strata appear to correspond in ago with the

Subapennino beds; and it is not improbable that their upheaval from

beneath the sea took place during the period of volcanic eruption round

Olot. In that case these eruptions may have occurred at the close of the

Older Pliocene era, but perhaps subsequently, for their age is at present

quite uncertain.
Volcanic rocks of 11w Efcl.-Tho chronological relations of the vol

canic rocks of the lower Rhine and the Eifcl are also involved in a con

siderable degree of ambiguity; but we know that some portion of them

were coeval with certain tertiary deposits called "Brown-Coal" by the

Superposition of rocks in the volcanic district of Catalonia.
a. Sandstone ruid numrnulltio limestone.
b. Older alluvium without volcanic pebbles.
c. Cones of scoriiu and lava. d. Newer alluvium.
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Germans, which probably belong in part to the Miocene, and in part to

the Upper Eocene, epoch.
This .Brown-Coal is seen on both sides of the Rhine, in the neighbor

hood of Bonn, resting unconformably on highly inclined and vertical

strata of Silurian and Devonian rocks. Its geographical position, and the

space occupied by the volcanic rocks, both of the WTesterwald and Eifl,

will be seen by referring to the map (fig. 672), for which I am indebted

to Mr. Homer, whose residence for some years in the country enabled

him to verify the maps of MM. Noeggerath and Von Ocynhauseu, from

which that. now given has been principally coinpiled.-N-*
The Brown-coal formation of that region consists of beds of loose. sana,

sandstone, and conglomerate, clay with nodules of clay-ironstone, and oc

casionally silex. Layers of light. brown, and sometimes black lignite, arc
iuterstratifled with the clays and sands, and often irregularly diffused

Fig. 672.
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through them. They contain numerous impressions of leaves and stems
of trees, and are extensively worked for fuel, whence the name of the
formation.

In several places, layers of trachytic tuff are interstratified, and in these
tugs are leaves of plants identical with those found in the brown-coal,

showing that, during the period of the accumulation of the latter, some
volcanic products were ejected.

Mr. Von Decken, in his work on the Siebengebirge,* has given a

copious list of the animal and vegetable remains of the freshwater strata
associated with the brown-coal. Plants of the genera Flabellaria,
ceanothus, and .Daphnogcne, including D. cinnanzomfolia (fig. 169,

p. 191), occur in these beds, with nearly 150 other plants, if we include
all which have been named from the somewhat uncertain data furnished

by leaves. They aic referred for the most part to living genera, but to
extinct sDecics. Among the animal remains, both vertebrate and inver
tebrate, many arc peculiar, while some few, such as Litlorinella acuta,

Desh., help to approximate these strata with some of the upper fresh
water portions of the Mayence basin. The marine base of the Mayence
series consists of sandy strata closely allied, in geological date, as we
have already seen, p. 190, to the Limburg group, called Upper Eocene
in this work. But in regard to the Rhenish freshwater deposits near
Bonn, so large a proportion of the plants, insects, fish, batrachians, and
other fossils, are such as have been met with nowhere else, that we
cannot as yet assign to them a very definite place in the chronological
series. They were undoubtedly formed during that long interval of time
which separated the Nummulitic from the Faluniau tertiary formations,
so that they are newer than the Middle Eocene, and older than the
Miocene strata of our Table given at p. 104. The classification of the

deposits belonging to this interval must still be regarded as debatable

ground, very different opinions being entertained on the subject by

geologists of high authority. Should a passage be eventually made
out from the tertiaties of the north of Germany, on which the labors
of M. Beyrich have thrown so much lights to the faluns of the Loire,

by the discovery of beds intermediate in age and palcontological char
acters, the best line of demarcation that we can adopt is that pro

posed by M. ilébert, according to which all the Lirnburg beds, the

Grès do Fontainebleau, the lower part of the Mayence basin, and

the Hempstead beds of the Isle of Wight (see p. 192), are classed as

Lower Miocene, while the Faluns rank as Upper Miocene. Between

these formations there is still so vast an hiatus, that I have thought it

inexpedient, for reasons before explained, to unite thorn under a common

name4

*
Geognost. Beschreib. des Siebengebirges am Rhein. Bonn. 1852.

f While this sheet was passing through the press, a valuable paper on the
Brown-Coal and other deposits of the Mayence Basin, by William J. Hamilton,

Esq., P. 0. S., has been published (Geol. Quart. Journ., vol. x. p. 254), in which
the question of classification above alluded to is discussed. Whatever termi-
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The fishes of the brown-coal near Bonn are found in a bituminous shale,

called paper-coal, from being divisible into extremely thin leaves. The

individuals are very numerous; but they appear to belong to a small

number of species, some of which were referred by Agassiz to the genera
Leuciscus, .Aspws, and Ferca. The remains of frogs also, of extinct

species, have been discovered in the paper-coal ; and a complete series

may be seen in the museum at Bonn, from the most. imperfect state of

the tadpole to that of the full-grown animal. 'With these a salamander,

scarcely distinguishable from the recent species, has been found, and the

remains of many insects.
A vast deposit of gravel, chiefly composed of pebbles of white quartz,

but containing also a few fragments of other rock,-, lies over the brown
coal, forming sometimes only a thin covering, at others attaining a
thickness of more than 100 feet, This gravel is very distinct in char
acter from that now forming the bed of the Rhine. It is called "Kiesel

geröll&' by the Germans, often reaches great elevations, and is covered in
several places with volcanic ejections. It is evident that the country has

undergone great changes in its physical geography since this gravel was
formed ; for its position has scarcely any relation to the existing drainage,
and the great valley of the Rhine and all the more modern volcanic
rocks of the same region are posterior to it in date.

Some of the newest beds of volcanic sand, pumice, and scorize, are
interst..ratified near Andernacli and elsewhere with the loam called loess,
which was before described as being full of laud and freshwater shells of
recent species, and referable to the Post-Pliocene period. I have before
hinted (see p. 123), that this intercalation of volcanic matter between
beds of loess may possibly be explained without supposing the last erup
tions of the Lower Eifel to have taken place so recently as the era of the
deposition of the loess.
The igneous rocks of the Westerwaki, and of the mountains called

the Siebengebirge, consist partly of basaltic and partly of trachy tie lavas,
the latter being in general the more ancient of the two. There are
many varieties of trachyte, some of which are highly crystalline, resem
bling a coarse-grained granite, with large separate crystals of feispar.
Trachytic tuff is also very abundant. These formations, some of which
were certainly contemporaneous with the origin of the brown-coal, were
the first of a long series of eruptions, the more recent of which hap
pened when the country had acquired nearly all its present geographical
features.
Newer volcanos of the Efel.-Lake craters.-As I recognized in the

more modern volcanos of the Eifel characters distinct from any pre
viously observed by me in those of France, Italy, or Spain, I shall briefly
describe them. The fundamental rocks of the district are gray and red

nology be adopted, I would strongly urge the necessity of referring the Hemp-stead beds of the Isle of Wight and the LirnbLlrg strata to one and the same
period, whether it be named Lower Miocene or Upper Eocene.
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sandstones and shales, with some associated limestones, replete with fossils
of the Devonian or Old Red Sandstone group. The volcanos broke out
in the midst of these inclined strata, and when the present systems of
hills and valleys had already been formed. The eruptions occurred
sometimes at the bottom of deep valleys, sometimes on the summit of
hills, and frequently on intervening platforms. In travelling through
this district we often fall upon them most unexpectedly, and find ourselves
on the very edge of a crater before we had been led to suspect that we
were approaching the site of any igneous outburst. Thus, for exampin,
on arriving at the village of Gemund, immediately south of Daun, we
leave the stream, which flows at the bottom of a deep valley in which
strata of sandstone and shale crop out We then climb a steep hill, on
the surface of which we see the edges of the same strata dipping inwards
towards the mountain. When we have ascended to a considerable height,
we see fragments of scori sparingly scattered over the surface; until, at

length, on reaching the summit., we find ourselves suddenly on the e.ge
of a tarn, or deep circular lake-basin (see g. 673).

Pig. 078.

1




The Gornunder Maar.

Fig. 074.
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This, which is called the Gemunder Maai is one of three lakes which
are in immediate contact., the same ridge forming the barrier of two

neighboring cavities. On viewing the first of these (fig. 6i3), we ecog
nizo the ordinary form of a crater, for which we have been prepared by
the occurrence of scoria scattered over the surface of the soil. But on

examining the walls of the crater, we find precipices of sandstone and
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shale which exhibit no signs of the action of heat; and we look in vain

for those beds of lava and scorke, dipping in opposite directions on

every side, which we have been accustomed to consider as characteristic

of volcanic vents. As we proceed, however, to the opposite side of the lake,

and afterwards visit the craters c and ci (fig. 674), we find a considerable

quantity of scorin and some lava, and see the whole surface of the soil

sparkling with volcanic sand, and strewed with ejected fragments of half-

fused shale, which preserves its laminated texture in the interior, while it

has a vitrified or scoriforni coating.
A few miles to the south of the lakes above mentioned, occurs the

Pulvermaar of Gillenfeld, an oval lake of very regular form, and sur

rounded by an unbroken ridge of fragmentary materials, consisting of

ejected shale and. sandstone, and preserving a uniform height of about

150 feet above the water. The side slope in the interior is at an angle
of about forty-five degrees ; on the exterior, of thirty-five degrees.
Volcanic substances are intermixed very sparingly with the ejections,
which in this place entirely conceal from view the stratified rocks of the

country.*
The Meerfelder Maar is a cavity of far greater size and depth, hol

lowed out of similar strata; the sides presenting some abrupt sections

of inclined secondary rocks, which in other places are buried under vast

heaps of pulverized shale. I could discover no scothe amongst the

ejected materials, but balls of olivine and other volcanic substances are
mentioned as having been found.f This cavity, which we must suppose
to have discharged an immense volume of gas, is nearly a mile in
diameter, and is said to be more than one hundred fathoms deep. In
the neighborhood is a mountain called the Mosenberg, which consists
of red sandstone and shale in its lower parts, but supports on its
summit a triple volcanic cone, while a distinct current of lava is seen

descending the flanks of the mountain. The edge of the crater of the

largest cone reminded me of the form and characters of that of Vesuvius;
but I was much struck with the precipitous and almost overhanging
wall or parapet which the scoric presented towards the exterior, as at a b

(fig. 6'15), which I can only explain by supposing that fragments of red-hot

Fig. 075.
(11\

Stratifled rocks. v. 'Volcanic.
Outline or tho Mo5onberg, Upper ElM.

"
Scrope, Edin. Journ. of Science, June, 1826, p. 145.

j Bibbert, Extinct Volcanos of the Rhine, p. 24.
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lava, as they fell round the vent, were cemented together into one corn.

pact mass, in consequence of continuing to be in a half-melted state.
If we pass from the upper to the lower Eifel, from i to B (see map, p.

538), we find the celebrated lake-crater of Laach, which has a greater re
semblance than any of those before mentioned to the Lago di Bolsena,
and others in Italy-being surrounded by a ridge of gently sloping hills,

composed of loose tuffs, scorke, and blocks of a variety of lawns.
One of the most interesting volcanos on the left bank of the Rhine, near

Bonn, is called the Roderberg. It forms a circular crater nearly a quarter
of a mile in diameter, and 100 feet deep, now covered with fields of corn.
The highly inclined strata of ancient sandstone and shale rise even to
the rim of one side of the crater; but they are overspread by quartzose
gravel, and this again is covered by volcanic scorim and tufaccous sand.
The opposite wall of the crater is composed of cinders and scorified
rock, like that at the summit of Vesuvius. It is quite evident that the

eruption in this case burst through the sandstone and alluvium which

immediately overlies it; and I observed some of the quartz pebbles
mixed with scoria on the flanks of the mountain, as if they had been
cast up into the air, and had fallen again with the volcanic ashes. I
have already observed, that a large part of this crater has been filled up
with loess (p. 123).
The most striking peculiarity of a great many of the craters above

described, is the absence of any signs of alteration or torrefaction in
their walls, when these are composed of regular strata of ancient sand
stone and shale. It is evident that the summits of hills formed o' the
above-mentioned stratified rocks have, in some cases, been carried away

by gaseous explosions, while at the same time no lava, and often a very
small quantity only of scoiia3, has escaped from the newly-formed cavity.
There is, indeed, no feature in the Eifel volcanos more worthy of note,
than the proofs they afford of very copious aëriform discharges, unac

companied by the pouring out of melted matter, except, here and there,
in very insignificant volume. I know of no other extinct volcanos
where gaseous explosions of such magnitude have been attended by the
emission of so small a quantity of lava. Yet I looked in vain in the

Eifel for any appearances which could lend support to the hypothesis,
that the sudden rushing out of such enormous volumes of gas had ever
'lifted up the stratified rocks immediately around the vent., so as to form
conical masses, having their strata dipping outwards on all sides from a
central axis, as is assumed in the theory of elevation craters, alluded to
in Chap. XXIX.

Tvzss.-In the Lower Eifel, eruptions of trachytic lava preceded the

emission of currents of basalt, and immense quantities of pumice were
thrown out wherever t.racbytc issued. The tufaccous alluvium called
truss, which has covered large areas in this region and choked up some

valleys now partially re-excavated, is unstratified. Its base consists
almost entirely of pumice, in which are included fragments of basalt
and other lavas, pieces of burnt shale, slate, and sandstone, and nume-
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rous trunks and branches of trees. If this trass was formed during the

period of volcanic eruptions it may perhaps have originated in the man

ner of the moya of the Andes.

We may easily conceive that a similar mass might now be produced,

if a copious evolution of gases should occur in one of the lake basins.

The water might remain for weeks in a state of violent ebullition, until

it became of the consistency of mud, just as the sea continued to be

charged with red mud round Graham's Island, in the Mediterranean, in

the year 1831. If a breach should then be made in the side of the

cone, the flood would sweep away great heaps of ejected fragments of

shale and sandstone, which would be borne down into the adjoining

valleys. Forests might be torn up by such a flood, and thus the occur

rence of the numerous trunks of trees dispersed irregularly through the

trass, can be explained.

Hunga.-M. Beudant, in his elaborate work on Hungary, describes

five distinct groups of volcanic rocks, which, although nowhere of great
extent, form striking features in the physical geography of that country,

rising as they do abruptly from extensive plains composed of tertiary
strata. They may have constituted islands in the ancient sea, as

Santo-nnand Nib now do in the Grecian Archipelago; and N. Beudant has

remarked that the mineral products of the last-mentioned islands resem

ble remarkably those of the Hungarian extinct volcanos, where many
of the same minerals, as opal, chalcedony, resinous silex (Suez msinz'tc,

pearlite, obsidian, and pitchstone abound.
The Hungarian lavas are chiefly feispathic, consisting of different

varieties of trachyte; many are cellular, and used as millstones; some
so porous and even sconiform as to resemble those which have issued in
the open air. Pumice occurs in great quantity; and there are congloin
crates, or rather breccias, wherein fragments of trachyte are bound

together by pumiceous tuff, or sometimes by silex.
It is probable that these rocks were permeated by the waters of hot

springs, impregnated, like the Geysers, with silica; or in some instances,

perhaps, by aqueous vapours, which, like those of Lancerote, may have

precipitated hydrate of silica.

By the influence of such springs or vapours the trunks and branches
of trees washed down during floods, and buried in tuffs on the flanks
of the mountains, are supposed to have become silicified. It is scarcely
possible, says N. Beudant, to dig into any of the pumiceous deposits of
these mountains without meeting with opalized wood, and sometimes
entire silicified trunks f trees of great size and weight.

It appears from the species of shells collected principally by N. Bouê,
and examined by N. Deshayes, that the fossil remains imbedded in the
volcanic tuffs, and in strata alternating with them in Hungary, are of
the Miocene type, and not identical, as was formerly supposed, with the
fossils of the Paris basin.
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CHAPTER XXXII.

ON ME DIFFERENT AGES OF THE VOLCANIC nocics-continned.

Volcanic rocks of the Pliocene, Miocene, and Eocene periods continued-Au
vcrgne-Mont Dor-Breccias and alluviums of Mont Perrier, with bones of
quadrupeds-River dammed up by lava-current-Range of minor cones from
Auvergne to the Vivarais-Monts Dome-Puy do COme-Puy do Pariou
Cones not denuded by general flood-Volay-Bones of quadrupeds buried in
SCoria3-Cant.al-EoCeno volcanic rocks.-Tuffs near Clermont-Hill of Ger
govia-Trap of Cretaceous period-Oolitic period-New fled Sandstone pe
riod-Carboniferous period-Old Bed Sandstone period-"Rock and Spindle"
near St. Andrew's-Silurian period-Cambrian volcanic rocks.

Volcanic Rocks of Aurergne.-TIIE extinct volcanos of Auvergne and
Cantal in Central France seeni to have commenced their eruptions in the
Upper Eocene period, but to have been most active during the Miocene
and Pliocene eras. I have already alluded to the grand succession of
events, of which there is evidence in Auvergne since the last retreat of
the sea see p. 196).
The earliest monuments of the tertiary period in that region are

lacustrinc deposits of great thickness (2, fig. 616, p. 541), in the lowest

conglomerates of which are rounded pebbles of quartz, mica-schist,

granite, and other non-volcanic rocks, without the slightest intermixture
of igneous products. To these conglomerates succeed argillaceous and
c.aleareous mans and liniestones (, fig. 607) containing upper Eocene
shells and bones of niammalia, the higher beds of which sometimes al
ternate with volcanic tuff of contemporaneous origin. After the flung
up or drainage of the ancient lakes, huge piles of trachytic and basaltic
rocks, with volcanic breccias, accumulated to a thickness of several thou
sand feet, and were superimposed upon granite, or the contiguous lacus
trine strata. The greater portion of these igneous rocks appear to have

originated during the Miocene and Pliocene periods; and extinct quad
rupeds of those eras, belonging to the genera Mastodon, Rhinoceros,
and others, were buried in ashes and beds of alluvial sand and gravel,
which owe their prcsvation to overspreading sheets of lava.
In Auvergne the most ancient and conspicuous of the volcanic masses

is Mont Dor, which rests immediately on the granitic rocks standing
apart from the fresh-water strata.* This great mountain rises suddenly
to the height of several thousand feet above the surrounding platform,
and retains the shape of a flattened and somewhat irregular cone, all the
sides sloping more or less rapidly, until their inclination is gradually
lost in the high plain around. This cone is composed of layers of scorke,

pumice stones, and their fine detritus, with interposed beds of trachyto
a See the mnp, p. 195.

35
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and basalt, which descend often in uninterrupted sheets, until they reach

and spread themselves round the base of the mountain.* Conglomc

rates also, composed of angular and rounded fragments of igneous rocks,

are observed to alternate with the above; and the various masses are

seen to dip off from the central axis, and to lie parallel to the sloping

flanks of the mountain.

The summit of Mont Dor terminates in seven or eight rocky peaks,

where no regular crater can now be traced, but where we may easily

imagine one to have existed, which may have been shattered by earth

quakes, and have suffered degradation by aqueous agents. Originally,

perhaps, like the highest crater of Etna, it may have formed an insig
nificant, feature in the great pile, and may frequently have been destroyed
and renovated.

According to some geologists, this mountain, as well as Vesuvius,

Etna, and all large volcanos, has derived its dome-like form not from
the preponderance of eruptions from one or more central points, but
from the upheaval of horizontal beds of lava and scorhe. I have

explained my reasons for objecting to this view in Chapter XXIX.,
when speaking of Palma, and in the Principles of Geology.f The

average inclination of the (lolne-sliaped mass of Mont Dor is 8° 6',
whereas in Mounts Loa and Kea, before mentioned, in the Sandwich
Islands (see fig. 640, p. 400), the flanks of which have been raised by
recent lavas, we find from Mr. Dana's description that the one has a
slope of 6° 30', the other of 7° 46'. We may, therefore, reasonably
question whether there is any absolute necessity for supposing that the
basaltic currents of the ancient French volcano were at first more hori
zontal than they are now. Nevertheless it is highly probable that

during the long series of eruptions required to give rise to so vast a pile
of volcanic matter, which is thickest at the summit or centre of the
dome, some dislocation and upheaval took place; and during the disten
sion of the mass, beds of lava and scoria may, in some places, have
acquired a greater, in others a less inclination, than that which at first
belonged to them.

Respecting the age of the great mass of Mont Dor, we cannot come
at present to any positive decision, because no organic remains have yet
been found in the tuffs, except impressions of the leaves of trees of
species not yet determined. We may certainly conclude, that the ear
liest eruptions were posterior in origin to those grits, and conglomeratesof the fresh-water formation of the Limagne, which contain no pebblesof volcanic rocks; while, on the other hand, some eruptions took place
before the great lakes were' drained; and others occurred after the
desiccation of those lakes, and when deep valleys had aleady been exca
vated through fresh-water strata.
In the annexed section, I have endeavored to explain the geologicalatructuro of a portion of Auvergne) which I re-examined in 18434 It

*
Scrope's Central France, p. 98.

t See chaps. xxiv. xxv. and xxvi. '7th, 8th, and 9111 editions.
See Quni'tcdy Geol. Journ. vol. ii. p. '77.
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may convey sonic idea to the reader of the long anà - omplicated series
of events which have occurred in that country, since the first jacustrine
strata (No. 2) were deposited on the granite (No. 1). The changes of
which we have evidence are the more striking, because they imply great
denudation, without there being any proofs of the intervention of the
sea during the whole period. It will be seen that the upper fresh-water
beds (No. 3), once formed in a lake, must have suffered great destruc
tion before the excavation of the valleys of the (Jouze and Allier had

begun. In these fresh-water beds, Upper Eocene fossils, as described
in Chap. XV., have been found. The basaltic dike 4' is one of many
examples of the intrusion of volcanic matter through the Eocene fresh
water beds, and may have been of Upper Eocene or Miocene date, giv
ing rise, when it reached the surface and overflowed, to such platforms
of basalt, as often cap tile tertiary hills in Auvergne, and one of which

(4) is seen on 11ont Perrier.
It not unfrcqucnt.ly happens that beds of gravel containing bones of

extinct mammalia are detected under these very ancient sheets of basalt,
as between No. 4 and the fresh-water strata, No. 3, at A, from which it
is clear that the surface of No. 3 formed at that period the lowest level at
which the waters then draining the country flowed. Next in age to this
basaltic platform. comes a patch of ochrcous sand and gravel (No. 5),
containing many bones of quadrupeds. Upon this rests a pumiceous
breccia or conglomerate, with angular masses of trachyte, and some

quartz pebbles. This deposit is followed by 5 1, which is similar to 5,
and 5 c similar to the trachytic breecia 5 a. These two breccias are

supposed, from their similarity to others found on Mount Dor, to have
descended from. the flanks of that mountain during eruptions; and the

intcrstrat.ificd. alluvial deposits contain the remains of mastodon, rhino
ceros, tapir, deer, beaver, and quadrupeds of other genera referable to
about forty species, all of which are extinct. I formerly supposed them
to belong to the SaIJIC era as the Miocetic faluns of Touraine; but,
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whether they may not rather be ascribed to the older Pliocene epoch i

a question which farther inquiries and comparisons must determine.

Whatever be their date in the tertiary series, they are quadrupeds
which inhabited the country when the formations 5 and 5 C originated.

Probably they were drowned during floods, such as rush down the flanks

of volcanos during eruptions, when reat bodies of steam are emitted

from the crater, or when, as we have seen, both on Etna and in Iceland

in.rnodern times, large masses of snow are suddenly melted by lava, causing
a deluge of water to bear down fragments of igneous rocks mixed with

mud, to the valleys and plains below.

It will be seen that the valley of the Issoire, clown which these an

cient inundations swept., was first excavated at the expense of the for
mations 2, 3, and 4, and then filled up by the masses 5 and 5 c, after
which it was re-excavated before the more modern alluviums (Nos. 6 and

7) were formed. In these again other fossil mammahia of distinct species
have been detected by M. Bravard, the bones of an hippopotamus having
been found among the rest.
At length, when the valley of the Ahlier was eroded at Issoire down

to its lowest level, a talus of angular fragments of basalt and freshwater
limestone (No. 8) was formed, called the bone-bed of the Tour de Bou
lade, from which a great many other mammalia have been, collected by
MM. Bravard and Pomel. In this assemblage the Eleplurs primge;iius
Rhinoceros licli orinns, Deer (including rein-deer), Equus, Bos, An (elope,
Fells, and Uani, were included. Even this deposit seems hardly to be
the newest in the neighbourhood, for if we cross from the town of Issoire
(see fig. 070) over Mont Perrier to the adjoining valley of the Cuze,
we find another bone-bed (No. 9), overlaid by a current of lava (No. 10).
The history of this lava-current, which terminates a few hundred

yards below the point No. 10, in the suburbs of the village of Nchei's,
is interesting. It forms a long narrow stripe more than 13 miles in
length, at the bottom of the valley of the Couze, which flows out of a
lake at the foot of Mont Dor. This lake is caused by a barrier
thrown across the ancient channel of the Couze, consisting partly of the
volcanic cone called the Puy do Tartaret, formed of loose scorke, from
the base of which has issued the lava-current before mentioned. The
materials of the darn which blocked up the river, and caused the Lao de
Ohambon, are also, in part, derived from a land-slip which may have
happened at the time of the great eruption which formed the cone.

This cone of Tartaret affords an impressive monument of the verydifferent dates at which the igneous eruptions of Auvergne have hap
pened; for it was evidently thrown up at the bottom of the existing
valley, which is bounded by lofty precipices composed of sheets of an
cient columnar trachyte and basalt, which once flowed at very high levels
from Mont Dor.

* For a view of Puy de Tartaret and Mont Dor, see Scropo'8 Volcazios of Central France.
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When we follow the course of the river Couze, from its source in the
lake of Chambon, to the termination of the lava-current at Nechers, a dis
tauCo of thirteen miles, we find that the torrent has in most places cut a

deep channel through the lava, the lower portion of which is columnar.
In some narrow gorges the water has oven had power to remove the
entire mass of basaltic rock, though the work of erosion must have been

very slow, as the basalt is tough and hard, and one column after another
must have been undermined and reduced to pebbles, and then to sand.

During the time required for this operation, the perishable cone of Tar

tarot., composed of sand and ashes, has stood uninjured, proving that no

great flood or deluge can have passed over this region in the interval
between the eruption of Tartaretand our own times.

If we now return to the section (fig. G'iG), we may observe that the
lava-current of Tartaret, which has diminished greatly in height and
volume near its termination, presents hero a steep and perpendicular
face 25 feet in height towards the river. Beneath it is the alluvium
No. 9, consisting of a red sandy clay, which must have covered the
bottom of the valley when the current of melted rock flowed down.
The bones found in this alluvium, which I obtained myself, consisted
of a species of field-mouse, Arvic'ola, and the molar tooth of an extinct
horse, Equusfossilis. The other species, obtained from the same bed,
are referable to the genera gus, Bos, Ucrvus, Felts, Uanis, Manes, Talpa,
Sorex, Lepus, Sciunus, its, and Logomys, in all no less than forty
three species, all closely allied to recent animals, yet nearly all of them,

according to M. Bravard, showing some' points of difference, like those
which Mr. Owen discovered in the case of the horse above alluded to.
The bones, also, of a frog, snake, and lizard, and of several birds, were
associated with the fossils before enumerated, and several recent land
shells, such as cyclostonia elegans, Mix ltonicnsis, IL ncrnoralls, IL la

1)iczcla, and Ulausthc& rugosa. If the animals were drowned by floods,
which accompanied the eruptions of the Puy de Tartaret., they would give
an exceedingly modern geological date to that event, which must., in that

ease, have belonged to the Newer-Pliocene, or, perhaps, the Post-Plio

cene period. That the current, which has issued from the Puy de Tar

taret, may nevertheless be very ancient in reference to the events of

human history, we may conclude, not only from the divergence of the

manuniferous fauna from that of our day, but from the fact that aRoman

bridge of such form and construction as continued in use clown to the

fifth century, but which may be older, is now seen at a place about a

mile and a half from St. Nectaire. This ancient bridge spans the river

Couze with two arches, each about 14 feet wide. These arches spring
from the lava of Tartaret, on both banks, showing that a ravine pre

cisely like that now existing, had already been excavated by the river

thtough that lava thirteen or fourteen centuries ago.
In Central France there are several hundred minor cones, like that

of Tai'taret., a great number of which, like Monte Nuovo, near Naples,

may have been principally duo to a single eruption. Most of these cones
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range in a linear direction from Auvergne to the Vivarais, and they were

faithfully described so early as the year 1802, by M. do Montlosier. They

have given rise chiefly to currents of basaltic lava. Those of Auvci'gnc

called the Monts Dome, placed on a granitic platform, form an irregular

ridge (see fig. 621, p. 462), about 18 miles in length, and 2 in breadth.

They are usually truncated at the summit., where the crater is often pie

served entire, the lava having issued from the base of the hill. But ftc

quently the crater is broken down on one side, where the lava has flowed

out. The hills are composed of loose scorie, blocks of lava, lapilli, and

pozzuolana, with fragments of trachyte and granite.

Pity dc Uômc.-The Puy do Come and its lava-current, near Clermont,

may be mentioned as one of these minor volcanos. This conical hill rises

from the grauitic platform, at an angle of between 300 and 40°, to the

height of more than 000 feet. Its summit presents two distinct craters,

one of thorn with a vertical depth of 250 feet. A stream of lava takes

its rise at the western base of the bill, instead of issuing from either crater,

and descends the granitic slope towards the present site of the town of

Pont Gibaud. Thence it pours in a broad sheet down a steep declivity
into the valley of the Sioule, filling the ancient river-channel for the dis

tance of more than a mile. The Sioulc, thus dispossessed of its bed, has
worked out a fresh one between the lava and the granite of its western
bank; and the excavation has disclosed, in one spot., a wall of columnar
basalt about 50 feet high.*

The excavation of the ravine is still in progress, every winter some
columns of basalt being undermined and carried down the channel of the
river, and in the course of a few miles rolled to sand and pebbles. Mean
while the -cone of Come remains unimpaired, its loose materials being
protected by a dense vegetation, and the bill standing on a ridge not. com
manded by any higher ground, so that no floods of rain-water can descend
upon it. There is no end to the waste which the hard basalt may undergo
in future, if the physical geography of the country continue unchanged,
no limit to the number of years during which the heap of incoherent and

transportable materials called the PU)? do Cu-me may remain in a station

ary condition. In this place, therefore, we behold in the results of aque
ous and atmospheric agency in past times, a counterpart of what wem




ust

expect to recur in future ages.
Lava of cltaluzct.-At another point, farther down the course of the

Sioule, we find a second illustration of the same 1)hICflOIñCflOfl ]I1 the Puy
Rouge, a conical hill to the north of the village of Pmanal. The cone is
composed entirely of red and black scorke, tuff, and volcanic bombs. On
its western sie, towards the village of Chaluzet., there is a worn-down
crater, whence a powerful stream of lava has issued, and flowed into the
valley of the Siotile. The river has since excavated a ravine through the
lava and subjacent gneiss; to the depth in some places of 400 feet.
On the upper part of the precipice forming the left side of this ravine,

Scrope'8 Central Frame, p" 60, and plate.



Cu. XXXII.] TERTIARY VOLCANIC ROCKS. 551

we see a great mass of black and red scoilaceous lava becoming more
and more columnar towards its base. (See fig. 617). Below this is a bed

Fig. 611.

a. Scorlaceous lava.
b. Columnar basalL
c. Gravel.
D. Ancient mining gallery.E. Pathway.
f GncIs.
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Lava-current of Chal uzet, Auvergne, near Its termination.'

of sand and gravel 3 feet thick, evidently an ancient river-bed, now at an
elevation of 25 feet above the channel of the Sioule. This gravel, from
which water gushes out, rests upon gueiss,f, which has been eroded to

the depth of 25 feet at the point where the annexed view is then. At
I), close to the village of Lcs Combres, the entrance of a gallery is seen,
in which lead has been worked in the gneiss. This mine shows that the

pebble-bed is continuous, in. a horizontal direction, between the gneiss and

the volcanic mass. Hero again it is quite evident, that, while the basalt

was gradually undermined and carried away by the force of running
water, the cone whence the lava issued escaped destruction, because it

stood upon a platform of gneiss several hundred feet above the level of

the valley in which the force of running water was exerted.

Pity 'do Parku.-Tho brim of the crater of the Puy do Pariou, near

Clermont, is so sharp, and has been so little blunted by time, that ft

scarcely affords room to stand upon. This and other cones in an equally
remarkable state of integrity have stood, I conceive, uninjured, not in

spite of their loose porous nature, as might at first be naturally supposed,
but in consequence of it. No rills can collect where all the lain is in

stantly absorbed by the sand and scorize, as is remarkably the case on

Etna; and nothing but a waterspout breaking directly upon the Puy do

Parion could carry away a portion of the hill, so long as it is not rent or

engulfed by earthquakes.
* Lyell arid Murcliion, Ed. New Phil. Journ. 1829.
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Hence it is conceivable that even those cones which have the freshest

aspect, and most perfect shape, may lay claim to very high antiquity.
Dr Daubeny has justly observed, that had any of these volcanos been

in a state of activity in the age of Julius Car, that general, who en

camped upon the plains of Auvergne, 'and laid siege to its principal city

(Gergovia, near Ciermont, could hardly have failed to notice them.

Had there been any record of their eruptions in the time of Pliny or Si

donius Apollinaris, the one would scarcely have omitted to make mention

of it in his Natural History, nor the other to introduce some allusion to it

among the descriptions of this his native province. This poet's residence

was on the borders of the Lake Aidat, which owed its very existence to

the damming up of a river by one of the most modern lavacurrents.*

Velay. -The observations of M. Bertrand tie Douc have not yet es
tablished that any of the most ancient volcanos of Velay were in action

during the Eocene period. There are beds of gravel in Velay, as in

Auvergne, covered by lava at different heights above the channel of the

existing rivers. In the highest and most ancient of these alluviums the

pebbles are exclusively of granitic rocks; but in the newer, which are
found at lower levels, and which originated when the valleys had been
cut to a greater depth, an intermixture 1of volcanic rocks has been ob
served.
At St. Pi'ivat d'Aflier a bed of volcanic scorko and tuff was discovered

by Dr. Hibbert, inclosed between two sheets of basaltic lava; and in
this tuff were found the bones of several quadrupeds, some of them
adhering to masses of slaggy lava. Among other animals were Rhino0

ij)(Orl1inns, ..'X)Zc SJ)Clc'fi, and a species allied to the spotted
1iyana of the Cape, together with four undetermined species of deer.
The manner of the occurrence of these bones reminds us of the pub
lished accounts of an eruption of Coseguina, 1835, in Central America
sec p. 521), during which hot cinders and scorko fell and scorched to
death great numbers of wild and domestic animals and birds.
Flomb dt canial.-In regard to the age of the igneous rocks of the Can0
we can at present merely affirm, that they overlie the (Upper!) Eocene

Ineustrine strata of that country (see Map, p. 195). They form a great
dome-shaped mass, having an average slope of only 4°, which has evi
dently been accumulated, like the cone of Etna, during a long series of
eruptions. It is composed of trachytie, phonolitic, and basaltic lavas,
tuffs, and conglomerates, or breccias, forming a mountain several thou
sand feet in height. Dikes also of ponollte, trachyte, and basalt are
numerous, especially in the neighbourhood of the large cavity, probablyonce a crater, around which the loftiest summits of the Cantal are
ranged circularly, few of them, except the Plomb du Cantal, rising far
above the border or ridge of this supposed crater. A pyramidal bill,
called the Puy Griou, occupies the middle of the cavity.f It is clear
that the volcano of the Oant.al broke out precisely on the site of the

Daubeny on Volcanos, p. 14.
j Mxu. do la Soc. Géol. de France, torn. i. p. 175.
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lacustiine deposit before described (p. 204), which had accumulated in
a depression of a tract composed of micaceous schist. In the breccias,
even to the very summit of the mountain, we find ejected masses of the
fresh-water beds, and sometimes fragments of flint, containing Eocene
shells. Valleys radiate in all directions from the central heights of the
mountain, increasing in size as they recede from those heights. Those
of the Ocr and Jourdanne, which are more than 20 miles in length, are
of great depth, and lay open the geological structure of the ñiountain.
No alternation of lavas with undisturbed Eocene strata has been ob
served, nor any tuffs containing fresh-water shells, although some of
these tuft's include fossil remains of terrestrial plants, said to imply seve
ral distinct restorations of the vegetation of the mountain in the inter
vals between great eruptions. On the northern side of the Plomb du
Cantal, at La Vissiere, near Murat, i a spot, pointed out on the Map
(p. 195), where fresh-water limestone and marl are scön covered by a
thickness of about 800 feet of volcanic rock. Shifts are here seen in

the strata of limestone and marl.*

In treating of the lacustrine deposits of Central France, in the fifteenth

chapter, it was stated that, in (lie aretiaccous and pebbly group of the
lacustrine basins of Auvergne, Cantal, and Velay, no volcanic pebbles had
ever been detected, although massive piles of igneous rocks are now found
in the immediate vicinity. As this observation has been confirmed by
minute research, we are warranted in inferring that the volcanic eruptions
had not commenced when the older subdivisions of the freshwater groups
originated.
In Cantal and Velay no decisive proofs have yet been brought to

light that any of the igneous outbursts happened daring the deposition
of the fresh-water strata; but there can be no doubt that in Auvergne
some volcanic explosions took place before the drainage of the lakes,

and at a time when the Upper Eocene species of animals and plants still

flourished. Thus, for example, at Pont du Chateau, near Olermont, a

section is seen in a precipice on the right bank of the river Allier, in

which beds of volcanic tuft' alternate with a fresh-water limestone, which
is in some places pure, but in others spotted with fragments of volcanic

matter, as if it were deposited while showers of sand and seori were

projected from a neighboring vcnt.f
Another example occurs in the Puy do Marmont, near Veyres, where

a fresh-water marl alternates with volcanic tuft' containing Bocenc shells.

The tuff or breccia in this locality is precisely such as is known to result

from volcanic ashes falling into water, and subsiding together with

ejected fragments of marl and other stratified rocks. These tuffs and

mans are highly inclined, and traversed by a thick vein of basalt, which,

as it rises in the lull, divides into two branches.

(7crgovia.- The hill of Gergovia, near Clermont., affords a third

example. I agree with MM. Dufrnoy and Jobert that there is no

* Sc LvdI nnd Mt,rchinon, Ann. Sd. Nat., Oct. 1829.

f Sec Serope' Central France, p. 21.
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See Scropo'a Central France, p. 7. 
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and limestones in the upper part of that hilt were introduced, like the
dike, subsequently, by intrusion from below. They must have been
thrown down like sediment from water, and can only have resulted from

igneous action, which was going on contemporaneously with the deposi
tion of the lacustrine strata.
The reader will bear in mind that this conclusion agrees well with the

proofs, adverted to in the fifteenth chapter, of the abundance of silo;
travertin, and gypsum precipitated when the upper laéustrine strata were
formed; for these rocks are such as the waters of mineral and thermal

springs might generate.
Cretaceous period. -Although we have no proof of volcanic rocks

erupted in England during the deposition of the chalk and greensand, it
would be an error to suppose that no theatres of igneous action existed
in the cretaceous period. M. Virlct, in his account of the geology of
the Morea, p. 205, has clearly shown that certain traps in Greece, called

by him ophiolites, are of this date; as those, for example, which alter
nate conformably with cretaceous limestone and greensaud between Kas
tn and Damala in the Morca. They consist in great part of diallage
rocks and serpentine, and of an amygdaloid with calcareous kernels, and
a base of serpentine.
In certain parts of the Morca, the age of these volcanic rocks is es

tablished by the following proofs; first, the lithographic limestones of
the Cretaceous era are cut through by trap, and then a conglomerate
occurs, at Nauplia and other places, containing in its calcareous cement

many well-known fossils of the chalk and greensand, together with peb
bles formed of rolled pieces of the same ophiolite, which appear in the

dikes above alluded to.

Period of Oolite and Lias.- Although the green and serpentinous

trap rocks of the Morea belong chiefly to the Cretaceous era, as before

mentioned, yet it seems that some eruptions of similar rocks began du'.

ing the Oolitic period;-* and it is probable, that a large part of the

trappean masses, called ophiolites in the Apennines, and associated with

the limestone of that chain, are of corresponding age.
That some part of tim volcanic rocks of the Hebrides, in our own coun

try, originated contemporaneously with the OoHte which they traverse and

overlie, has been ascertained by Prof. E. Forbes, in 1850. Some of the

eruptions in Skye, for example, occurred at the close of the Middle and

before the commencement of the Upper Oolitic Period.t

Trap of the New Re Sandêionc period.-In the southern part of

Devonshire, trappean rocks are associated with New Red Sandstone, anti,

according to Sir II. do In Beche, have not been intruded subsequently
into the sandstone, but were produced by contemporaneous volcanic

action. Some beds of grit, mingled with ordinary red mail, resemble

sands ejected from a crater; and in the stratified conglomerates occurring
near Tiverton are many angular fragments of trap porphyry, some of them

Boblayc and Virlet,

f

Moren, 1). 123.
Geol. Quart. Jouri'. 1,451, vol. vii. p. 108.
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one or two tons in weight, intermingled with pebbles of ether rocks.
These angular fragments were probably thrown out from volcanic vents,
and fell upon sedimentary matter then in the course of deposition.*

C'n"bonfcrous period. -Two classes of contemporaneous trap rocks
have been ascertained by Dr. Fleming to occur in the coal-field of the
Forth in Scotland. The newest of these, connected with the higher series
of coal-measures, is well exhibited along the shores of the Forth, in Fife
'hire, where they consist of basalt with olivine, amygdaloid, greenstone,

Fig. 670.
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wacké, and tuft They appear to have been erupted while the sediment

ary strata were in a horizontal position, and to have suffered the same
dislocations which those strata have subsequently undergone. In the
volcanic tuffs of. this age are found not only fragments of limestone,

shale,ffinty slate, and sandstone, but also pieces of coal.
The other or older class of carboniferous traps are traced along the

south margin of Stratheden, and constitute a ridge parallel with the
Ochils, and extending from Stirling to near St. Andrew's. They consist
almost exclusively of greenstone, becoming, in a few instances, earthy
and amygdaloidal. They are regularly intcrstratified. with the sandstone,
shale, and ironstone of the lower Coal-measures, and, on the East Lo
mond, with Mountain Limestone.
I examined these trap rocks in 1838, in the cliffs south of St. An

drews, where they consist in great part, of stratified tuffs, which are
curved, vertical, and contorted, like the associated coal-measures. In
the tuff I found fragments of carboniferous shale and limestone, and

intersecting veins of greenstonc. At one spot., about two miles from
St. Andrews, the encroachment of the sea on the cliffs has isolated
several masses of traps, one of which (fig. 070) is aptly called the
"rock and spindle/4 for it consists of a pinnacle of Cuff, which may
be compared to a distaff, and near the base is a mass of columnar

greenstone, in which tlie pillars radiate from a centre, and appear at
a distance like the spokes of a wheel. The largest diameter of this
wheel is about twelve feet, and the polygonal termina
tions of the columns are seen round the circumference - Fig. 6S0.

(or tire, as it were, of the wheel), as in the accompany
ing figure. I conceive this mass to be the extremity of
a string or vein of greenstone, which penetrated the
tuff. The prisms point in every direction, because they
were surrounded on all sides by cooling surfaces, to -'

which they always arranc themselves at right angler, Cuthmns of green
* . stone, seen end

as before explained (p. 484). wise at b, 11g. GTO.

A trap dike was pointed out to me by Dr. Fleming, in the parish of
Tusk, in the northern part of Fifeshire, which cuts through the grey
sandstone and shale, forming the lowest part of the 01(1 Red Sandstone.
It may be traced for many miles, passing through the amygdaloidal and
other traps of the hill called Normaus Law. In its course it affords a

good exemplification of the passage from the trappean into the plutonie,
or highly crystalline texture. Professor Gustavus Rose, to whom I
submitted specimens of this dike, finds the rock, which he calls dolerite,
to consist of greenish black augito and Labrador feispar, the latter being
the most abundant ingredient. A small quantity of magnetic iron, per.
haps titaniferous, is also present. The result of this analysis is interest

ing, because both the ancient and modern lavas of Etna consist in like
manner of augite, Labradorite, and titanifernus iron.

"The rock," as English readers of burns' maypoems remember, is a Scotch
term for distnfr.
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Trap of the Old Bed Sandstone period.-By referring to the section

explanatory of the structure of Forfarshire, already given (p. 48), the

reader will perceive that beds of conglomerate, No. 3, occur in the middle

of the Old Red sandstone system, 1, 21314. The pebbles in these conglorn

crates are sometimes composed of granitic and quartzose rocks, some

times exclusively of different varieties of trap, which, although l)U1'

posely omitted in the section referred to, are often found either intruding

themselves in amorphous masses and dikes into the old fossiliferoustilc

stones, No. 4, or alternating with them in conformable beds. All the

different divisions of the red sandstone, 1, ' 3 4) are occasionally inter

sected by dikes, but they are very rare in Nos. 1 and 2, the upper mem

bers of the group consisting of red shale and red sandstone. These

phenomena, which occur at the foot of the Grampians, are repeated in

the Sidlaw Hills; and it appears that in this part of Scotland, volcanic

eruptions were most frequent in the earlier part of the Old Red sand

stone period.
The trap rocks alluded to consist chiefly. of fclspathic porphyry and

amygdaloid, time kernels of the latter being sometimes calcareous, often
allalcedonic, and forming beautiful agates. We meet also with claystone,
clinkstone, grcenstone, compact felspar, and tuff. Some of these rocks
flowed as lavas over the bottom of the sea, and enveloped quartz pebbles
which were lying there, so as to form conglomerates with a base of green
stone, as is seen in Lumloy Den, in the Sidlaw Hills. On either side of
the axis of this chain of hills (see section, p. 48), the beds of massive

trap, and the tuffs composed of volcanic sand and ashes, dip regularly to
the south-east or north-west, conformably with the shales and sandstones.

Silurian period. - It appears from the investigations of Sir R. Mur
chison in Shropshire, that when the lower Silurian strata of that county
were accumulating, there were frequent volcanic eruptions beneath the
sea; and the ashes and scorho then ejected gave rise to a peculiar kind
of tufaccous sandstone or grit, dissimilar to the other rocks of the Silu
rian series, and only observable in places where syenitic and other trap
rocks protrude. These tuffs occur on the flanks of the Wrekin and
Cacr Caratloc, and. contain Silurian fossils, such as casts of encrinites1
trilobites, and mohlusca. Although fossiliferous, the stone resembles a
sandy claystone of the trap family.*

Thin layers of trap, only a few inches thick, alternate, in some partsof Shropshire and Montgomeryshire, with sedimentary strata of the
lower Silurian system. This trap consists of slimLy porphyry and granular feispar rock, the beds being traversed by joints like those in the
associated sandstone, limestone, and shale, and having the same strike
and dip.t

In. R1norshire there is an example of twelve bands of stratified trap,
alternating with Silurian scliists and flagstones, in a thickness of 350 feet.
The bedded traps eoujst of 1'elspar-porphyi'y, chiukstone, and other va-

* Murehiso; Silurian System, &c. p. 230. Ibid. p. 272.
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ieues, and the interposed Liandeilo flags are of sandstone and shale,

with trilobites and graptolites.*
Cambrian Volcanic Rocks.-In a former chapter (Oh. XXVII. p. 44'l),

we have' seen that below the Liandeio and Bala beds of Lower Silurian

(late there occur, in North Wales, a series of rocks of vast thickness,

which may be called Cambrian. The upper subdivision, named by Pro

fessor Seclgwiek the "Fcstiniog group," comprises, first, the Arenig Slates,

'1000 feet thick in North Wales, in the midst of which dense masses of

porphyry, trap-conglomerate, and other igneous rocks, which are supposed
by Professor Sedgwick to be of contemporaneous origin, are intercalated;

secondly, the Liugula flags underlying the former, and of which the fossils

were treated of at p. 448; thirdly, still lower, the Bangor group or Lower
Cambrian, in which bands of feispathic porphyry occur. These last are,
in the opinion of Professor Ramsay, intrusive and not of the same date as
the associated sedimentary deposits.

Professor Sedgwick has also described, in his account of the geology of
Cumberland, various trap rocks which accompany green slates, agreeing
in mineral character and aspect with the Arenig Slates, which underlie
all the fossiliferous strata of Cumberland, and consist of feispathic and

porphyritie rocks and greenstones, occurring not only in dikes, but in
conformable beds. Occasionally there is a passage from these igneous
rocks to some of the green quartzose slates. These porphyries are sup
posed to have been produced contemporaneously with the stratified chlo
ritic slates by submarine eruptions oftentimes repated, the materials of the
slates having been supplied, in part at least, from the same source.t

Murchison, Silurian System, &c.. p. 825.
f Geol. Tran. 2d series, vol. jr. p. 5.
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CHAPTER XXXIII.

PLUTONIC ROCKS- GRANITE.

General aspect of granite-Decomposing into spherical masses-Rude columnar

structure-Analogy and difference of volcanic and plutonic forma tions-Mine

rnl in granite, and their arrangement- Gral)llLe and porphyritic granite
Mutual penetration of crystals of quartz and felspar-Occasioual minerals

Syenitc-SycnitiC, talcose, and schorly granites-Eurito-Passage of granite
into trap-Examples near Christiania and in Aberdeenshirc-Analogy in com

position of trachyto and granite-Granite veins in Glen Tilt, Cornwall, the

Valorsine, and other countries-Different composition of veins from main body
of granite- Metalliferous veins in strata near their junction with granite
Apparent isolation of nodules of granite-Quartz veins -Whether plutonIc
rocks are ever overlying-Their exposure at the surface duo to denudation.

THE plutonic rocks may be treated of next. in order, as they are most

nearly allied to the volcanic class already considered. I have described,

in the first chapter, these piutonic rocks as the tuistiat.ifled division of
the crystalline or hypogeno formations, and have stated that they differ
from the volcanic rocks, not only by their more crystalline texture, but
also by the absence of tuffs and breccias, which are the products of erup
tions at the earth's surface, or beneath seas of inconsiderable depth.
They differ also by the absence of pores or cellular cavities, to which the

expansion of the entangled gases gives rise in ordinary lava. From these
and other peculiarities, it has been inferred, that the granites have been
formed at considerable depths in the earth, and have cooled and crystal
lized slowly under great pressure, where the contained gases could not

expand. The volcanic rocks, on the contrary, although they also have
risen up from below, have cooled from a incited state more rapidly upon
or near the surface. From this hypothesis of the great depth at which
the granites originated, has been derived the name of cc Plutonie rocks."
The beginner will easily conceive that the influence of subterranean heat
may extend downwards from the crater of every active volcano to a great
depth below, perhaps several miles or leagues, and the effects which are
produced deep in the bowels of the earth may, or rather must be, dis
tinct; so that volcanic and plutonic rocks, each different in texture, and
sometimes even in composition, may originate simultaneously, the one
at the surface, the other far beneath it.
By some writers, all the rocks now under consideration have been

comprehended under the name of granite, which is, then, understood to
embrace a large family of crystalline and compound rocks, usually found
underlying all other formations; whereas we have seen that trap very
commonly overlies strata of different ages. Granite often preserves a
very uniform character throughout a wide range of territory, forminghills of a peculiar rounded form, usually clad with a scanty vegetation.
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The surface of the rock is for the most part in a crumbling s.tate, and
he hills are often surmounted by piles of stones like the remains of a
tratifled. mass, as in the annexed figure, and sometimes like heaps of

boulders, for which they have been mistaken. The exterior of these

Pig. 681.

stones, originally quadrangular, acquires a rounded form by the flCtlufl
of air and water, for the edges and angles waste away more rapidly than
the sides. A similar spherical structure has already been described as
characteristic of basalt and other volcanic formations, and it must be
referred to analogous causes, as yet but imperfectly understood.

Although it is the general peculiarity of granite to assume no definite

shapes, it is nevertheless occasionally subdivided by fissures, so as to
assume a cuboidal, and even a columnar structure. Examples of these

appearances may be seen near the Land's End, in Cornwall. (See
figure 682.)




Pig. 6S2.

Oranlto having cubolciol and rude columnar structure, Lnud's End, Cornwall.

The plutonie formations also agree with the volcanic, in having veins
or ramifications proceeding from central masses into the adjoiuing rocks,

30

Mass of granito near the Sharp Tor, Cornwall.
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crystallized; for although these minerals are much more fusible than 
s i k  they have often imprinted their shapes upon the quartz. 
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reverse has taken place in the passage of most granite aggregates from

a fluid to a solid state, crystals of the more fusible minerals being found

enveloped in hard, transparent, glassy quartz, which has often taken

very faithful casts of each, so as to preserve even the microscopically
minute striations on the surface of prisms of tourmaline. Various ex

planations of this phenomenon have been proposed by MM. de Beau

mont, Fournet, and Durocher. They refer to M. Gaudin's experiments
on the fusion of quartz, which show that silex, as it cools, has the prop

erty of remaining in a viscous state, whereas alumina never does. This

gelatinous flint" is supposed to retain a considerable degree of plas

ticity long after the granitie mixture has acquired a low temperature ;
and M. E. de Beaumont suggests, that electric, action may prolong the

duration of the viscosity of silex. Occasionally, however, we find the

quartz and feispar mutually imprinting their forms on each other, abrd

iug evidence of the simultaneous crystallization of both.*

It may hero be remarked that ordinary granite, as well as syenite
and eurite, usually contains two kinds of felspar ; 1st, the common, or

orthoclase, in which potash is the prevailing alkali, and this generally
occurs in large crystals of a white or flesh color; and 2dly, 1lspar in

smaller crystals, in which soda predominates, usually of a (lead white or

spotted, and striated like albite, but not the same in composition.t

Porpityrilic granite.-This imame has been sometimes given to that

variety in which large crystals of common feispar, sometimes more than
3 inches in length, are scattered through an ordinary base of granite.
An example of this texture may be seen in the granite of the Land's
End, in Cornwall (fig. GS). The two larger prismatic crystals in this

Fig. 6S5.

drawing represent feispar, smaller crystals of which are also seen, similar
in form, scattered through the base. In this base also appear black

specks of mica, the crystals of which have a more or less perfect hex

agonal outline. The remainder of the mass is quartz, time translucency
of which is strongly contrasted to the opaqueness of the white feispar
and black mica. But neither the transparency of the quartz, nor the

silvery lustre of the mica, can be expressed in the engraving.
* Bulletin, Qd srie, iv. 1:304; and Archiac, lust. des Progrs dc Geol., 1.38.
Dekse, Ann. iks Mine, i, t. iii. p. and 1818, I. xiii. p. 676.

I'orphyritIc granite. Ltitid' End, Cornwall.
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The uniform mineral character of large masses of granite seems tc

indicate that large quantities of the component elements were thoroughly

mixed up together, and then crystallized under precisely similar condi

tions. There are, however, many accidental, or "occasional," minerals,

as they are termed, which belong to granite. Among these black schorl

or tourmaline, actinolite, zircon, garnet, and fluor spar, are not uncom

mon ; but they are too sparingly dispersed to modify the general aspect

of the rock. They show, nevertheless, that the ingredients were not

everywhere exactly the same; and a still greater variation may be traced

in the ever-varying proportions of the felspar, quartz, and mica.

Sycnite.-When hornblende is the substitute for mica, which is very

commonly the case, the rock becomes Syeuitc so called from the cele

brated ancient quarries of Sycue in Egypt. It has all the appearance of

ordinary granite, except where inineralogicahly examined in hand specimens,
and is fully entitled to rank as a geological member of the same 1)111tOnic

fitmily as granite. Sycuite, however, after maintaining the granitic char
acter throughout extensive regions, is not uncommonly found to lose its

quartz, and to pass insensibly into syenitic greenstone, a rock of the trap
family. Werner considered syenite as a binary compound of feispar and
horubleude, and regarded quartz as merely one of its occasional minerals

Syenitic granite.---Tlic quadruple compound of quartz, feispar, mica,
and horublende, may be so termed. This rock occurs in Scotland. and in

Guernsey.
Talcose granilc, or Pi'otogine of the French, is a mixture of feispar,

quartz, and talc. It abounds in the Alps, and in some parts of Cornwall,
producing by its decomposition the china clay, more than 12,000 tons of
which are annually exported from that country for the potteries.*

Sckorl rock, and sciLorly granite.-The former of these is an aggregate
of schoil, or tourmaline, and quartz. When felspar and mica are also
present, it may be called sehorly granite. This kind of granite is com
paratively rare.
Eurile.-A rock in which all the ingredients of granite are blended

into a finely granular mass. When crystalline, it is seen to contain
crystals of quartz, mica, common feispar, and soda feispar. When there
is no mica, and when common felspar predominates, so as to give it a
white color, it becomes a feispathic granite, called "whitestone" (Weisstein) by Werner, or Leptynite by the French, in which microscopic
crystals of garnet are often present..

All these and other varieties of granite pass into certain kinds of trill),a circumstance which affords one of many arguments in favor of what is
now the prevailing opinion, that the granites are also of igneous origin.The, contrast of the most crystalline form of granite, to that of the most
common and earthy trap, is undoubtedly great; but each member of the
volcanic class is capable of beoorniug I)orphlyritic, and the base of the
porphyry may be more and more crystalline, until the mass passes to thekind of granite most nearly allied in mineral composition.* Eoaso on Primary Geology, p. 10.
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The minerals which constitute alike the granitie and volcanic rocks

consist, almost exclusively, of seven elements; namely, sthca, aluimna,

magnesia, lime, soda, potash, and iron (see Table, p. 4i5); and these may

sometimes exist in about the same proportions in a porous lava, a compact

trap, or a crystalline granite. It may perhaps be found, on further ex

amination-for on this subject we have yet much to learn-that the pres

ence of these elements in certain proportions is more favorable than in

others to their assuming a crystalline or true granitic structure; but. it is

also ascertained by experiment, that the same materials may, under differ

cut circumstances,circumstances, form very different rocks. The same lava, for example,

may be glassy, or scoriaceous, or stony, or porpliyritic, according to the

more or less rapid rate at which it cools; and some trachytes and sye

nitic-greenstones may doubtless form granite and syenite, if the crystal
lization take place slowly.

It has also been suggested that the peculiar nature and structure of

granite may be due to its retaining in it that water which is seen to

escape from lavas when they cool slowly, and consolidate in the atmo

sphere. Boutigny's experiments have shown that melted matter, at a

white heat, requires to have its temperature lowered before it can va

pourize water; and such discoveries, if they fail to explain the manner

in which granites have been formed, serve at least to remind us of the

entire distinctness of the conditions under which plutonic and volcanic

rocks must be produced.*
It would be easy to multiply examples and authorities to prove the

gradation of the granitic into the trap rocks. On the western side of

the fiord of Christiania, in Norway, there is a large district of trap,
chiefly greenstone-porphyry, and syenitic-greenstone, resting on fossilife
rous strata. To this, on its southern limit, succeeds a region equally
extensive of sycnite, the passage from the volcanic to the plutouic rock

being so gradual that it is impossible to draw a line of demarcation be
tween them.
"The ordinary granite of Aberdeenshire," says Dr. MacCulloch, "is

the usual ternary compound of quartz, feispar, and mica; but some
times hornblende is substituted for the mica. But in many places a

variety occurs which is composed simply of felspar and hornblende; and
in examining more minutely this duplicate compound, it is observed in
some places to assume a flue grain, and at length to become undistin

guishable from the greenstones of the trap family. It also passes in
the same uninterrupted manner into a basalt, and at length into a soft

claystone, with a schistose tendency on exposure, in 110 respect differing
tioiii those of the trap islands f the western coast, The same
author mentions, that in Shetland, a granite composed of hornblende,
mica, feispar, and quartz, graduates in an equally Perfect manner into
I lLSalt.f

Iii hungary, there are varieties of trachyte, which, geologically speak
* E. (le Beaumont, Bulletin, vol. ser. PP. 1318 and 1320.
f of Geol. vol. i. pp. 17, 155.
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. f odcrn origin in which crystals, not only of mica, but of 
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Junction or srnnlto nnd nrgillnt'CO\IS 6chfsL in Olen 
Tilt. (lincCullocb.)• 

granite intersecting different strata, nnd occasionally intruding itself in 
tortuous Teins into the beds of clay-slate and limestone, from which it 
differs so remarkably in composition. The limestone is ·sometimes 
changed in character l>y the proximity of the granitic mnss or its '\"eins, 
nnd ncquires a more compact textu1·e, like that of hornstone or chert, 
with n splintery fracture, nnd eflcr\'esciug feebly with ncids. 

The annexed dingrmu (fig. 088) represents another junction, in tlH~ 
snme district, where the granite sends forth so many veins ns to reticu
lnte the limestone nnd schist, the veins diminishing towards their termi
nation to the thickness of a leaf of paper or n. thrend. In some places 
fragments of granite nppear cntnnglcd, ns it w~re, in the limestone, nnd 
are not visibly connected with nny lnrgcr mnss; while sometimes, on 
tho other band, a lump of the limestone is found in the midst of tl1e 
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pcarancc ?xnctly resembling thnt of hornstone. Tho nssocinted nrgilln· 
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• Gcol. Trnns., let series, Yol. iii. pl. 21. 
t MncOulloob, Gcol. T1·nua., vol. iii. p. 269. 
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Junction of granite and limestone in Glen Tilt. (MacCulloch.)
a. Granite. b. Limestone.
c. Blue argillaceous Schist.

The conversion of the limestone in. these and many other instances

into a siliceous rock, effervescing slowly with acids, would be difficult

of explanation, were it not ascertained that such limestones are always

impure, containing grains of quartz, mica, or feispar disseminated

through them. The elements of these minerals, when the rock has

been subjected to great heat, may have been
Yig. GSD.

fused, and so spread more uniformly throughI.'
the whole mass.

In the plutonic, as in the volcanic rocks,
L" '=E there is every gradation from a tortuous vein

-ThI to the most regular form of a dike, such as

intersect the tuffs and lavas of Vesuvius and
- Etna. Dikes of granite may be seen, among

other places, on the southern flank of Mounts)17




]3attock, one of the Grampians, the opposite
walls sometimes preserving an exact paral.

-"iclism for a considerable distance.
a a "$ . . " . , . As a general rule, however, granite veins

Granite veins traversing clay slate, in all quarters o' the globe are more sinuous
Table lountaln, Calu of awl in their course than those of trap. TheyHope.*




present similar shapes at the most northern
point of Scotland, and the southernmost extremity of Africa, as the
annexed drawings will show.

Capt. B. Hall, Trans. Roy. Soc. Ethu., vol. vii.
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It is not uncommon for one sot of granite veins to intersect another;

and sometimes there are three sets, as in the environs of lleidclberg,

where the granite on the banks of the river Nccker is seen to consist of

three varieties, differing in colour, grain, and various peculiarities of

mineral composition. One of these,

Pig. 690. which is evidently the second in

age, is seen to cut through an older

granite; and another, still newer,

traverses both the second and the

first.

In Shotland there are two kinds

of granite. One of them composed
! .. '.. of hornblende, mica, felspar, and

' , quartz, is of a dark color, and is

seen underlying gneiss. rhc other
I I II 4 I I ,$_Sj

Granite veins traversing gneis, Cape Wrath,
is a red granite, which penetrates

(MacCufloch.)f the dark variety everywhere in
veins.

The accompanying sketches will explain the manner in which granite
veins often ramify and cut each other (figs. 690 and 691). They reprc

FIg. GUI.

sent the manner in which the gneiss at Cape Wrath, in Suthcrlandshire,S
is intersected by veins. Their light colour, strongly contrasted with
that of the hornblende-schist, here associated with the gneiss) renders
them very conspicuous.

Granite very generally assumes a finer grain, and undergoes a change
in mineral composition, in the veins which it sends into contiguous rocks.
Thus, according to Professor Sedgwick, the main body of the Cornish
granite is an aggregate of mica, quartz, and felspar; but the veins are
sometimes without mica, being a granular aggregate of quartz and fel.
spar. In other varieties quartz prevails to the almost entire exclusion
both of feispar and mica; in others, the mica and quartz both disappear.and the 'vein is simply composed of white granular fclspar.t

" MacCulloeb, Syst. of (leol., To. i., p. 58. f Western Islands, p1. 81.On Geol. of Cornwall, Camb, Trans., vol. i. p. 124.

Granite veins traversing gneiss, at Cape Wrath, In Scotland. (MacCiUocb.
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Fig. 092 is a sketch of a group of granite veins in Cornwall, given

by Messrs. Von Oeynhausen and Von Dcchcn.* The main body of the

Fig. O9.
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Oraulto veins passing through liorobleudo slate, CnrnIIver Cove, Cornwall.

granite here is of a porphyritie appearance, with large crystals of fel

spar; but in the veins it is fine grairied, and without these large crystals.
The general height of the veins is from 16 to 20 feet, but some are much

higher.
In the Valorsine, a valley not far from Mont Blanc in Switzerland, an

ordinary granite, consisting of feispar, quartz, and mica, sends forth veins
into a talcose gneiss (or stratified protogine), and in some places lateral
ramifications are thrown off from the principal veins at right angles (see
fig. 093), the veins, especially the minute ones, being finer grained than
the granite in mass.




Fig. 603.

4-

".',.

Veins of graulto in talcoso gnoIs. (Ii. A Nker.)

It is here remarked, that the schist and granite, as they approach,
seem to exercise a reciprocal influence on each other, for both undergo a
modification of mineral character. The granite, still remaining unstra.
tified, becomes charged with green particles; and the talcose gneiss
assumes a granitiform structure without losing its st.ratification.t
* Phil. Mng. and Annals. No. 27, new series, March, 1929.
f Necker, stir (IC Viii. do Valor-sine, Mnt. de ha Soc. tic Phiys. 'to at,nève, 1828.

I Visited, in 1832, the spot referred to in fig. tt.
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Professor Kcilhau drew my attention to several localities in the

country near Ohrstiania, where the mineral character of gneiss appears

to have been affected by a granite of much newer origin, for some

distance from the point of contact. The guciss, without losing its

laminated structure, seems to have become charged with a larger

quantity of feispar, and that of a redder colour, than the felspar usually

belonging to the gneiss of Norway.
Granite, sycnite, and those porphyries which have a granitiform

structure, in short all plutonic rocks, arc frequently observed to contain

metals, at or near their junction with stratified formations. On the

other hand, the veins which traverse stratified rocks are, as a general law,

more metalliferous near such junctions than in other positions. Hence

it has been inferred that these metals may have been spread in a gaseous
form through the fused mass, and that the contact of another rock, in
a different state of temperature, or sometimes the existence of rents in
other rocks in the vicinity, may have caused the sublimation of the me
tals.*

There are many instances, as at Markerud, near Christiania, in Nor

way, where the strike of the beds has not been deranged throughout a

large area, by the intrusion of granite, both in large masses and in veins.
This fact is considered by some geologists to militate against the theory
of the forcible injection of granite in a fluid state. But it may be stated
in repay, that ramifying dikes of trap also, which almost all now admit
to have been once fluid, pass through the same fossiliferous strata, near
Chuistiauia, without deranging their strike or dip.f
The real or apparent isolation of large or small masses of granite de

tached from the main body, as at a b, fig. 694 and above, fig. 688, and

rig. 694.

General view of junction of granite, and cbIst of the Va1ozrlno.
(L. it. Neckor.)

a, fig. 603, has been thought by some writers to be irreconcilable with
the doctrine usually taught respecting veins; but many of them may,
in fact, be sections of root-shaped prolongations of granite; while, in
other cases, they may in reality be detached portions of rock having the
plutonic structure. For there may have been spots in the midst of the
invaded strata. in which there was an assemblage of materials more fusi
ble than the rest, or more fitted to combine readily into some form of
granite.




Necker, Proceedings of acol. Soo., No. 20, p. 802.
f See Kcithau'a Gam Norvegica; Chri8tnnia, ]828.
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Veins of pure quartz are often found in granite, as in many stratified

rocks, but they are not traceable, like veins of granite or trap, to largo

bodies of rock of similar composition. They appear to have been cracks,

into which siliceous matter was infiltered. Such segregation, as it is

called, can sometimes be shown to have clearly taken place long subse

quently to the original consolidation of the containing rock. Thus, for

example, I observed in the guciss of Tronstad Strand, near Draminen, in

Norway, the annexed section on the beach. It appears that. the altermtt

ng strata of whitish granitiform gneiss, and black hornblende.sehist, were

first cut through by a greenstone dike, about 2,1 feet wide; then the

crack a b passed through all these rocks, and was filled up with quartz.
The opposite walls of the vein are in some parts encrusted with transpa
rent crystals of quartz, the middle of the vein being filled up with com

mon opaque white quartz.
1i,-. 9.). We have seen that the volca

Greentono uic formations have been calledGneiss. DIKe. Gneiss.
overlying, because they not only
penetrate others, but spread
over them. Mr. Nceker has

proposed to call the granites
the underlying igneous rocks,
and the distinction here indi
cated is highly characteristic.

a, b. Qunrtz Win passing through gneiss and green- of the earlier observers, that the
stone, Tronstad strand, near Christlania.

granite of Christiania, in Nor-

way, was intercalated in mountain masses between the primary or palco
zoic strata of that country, so as to overlie fossiliferous shale and lime
stone. But although the granite scuds veins into these fossiliferous rocks,
and is decidedly posterior in origin, its actual superposition in mass has
been disproved by Professor Keilhau, whose observations on this contro
verted point I had opportunities in 1837 of verifying. There are, how
ever, on a smaller scale, certain beds of euritic porphyry, some a few
feet, others many yards in thickness, which pass into granite, and deserve

perhaps to be classed as plutonic rather than trappean rocks, which may
truly be described as interposed conformably between fossiliferous strata,
as the porphyries (a c, fig. 000), which divide the bituminous shales and

Fig. CW

Eurltic porphyry nliernnthi with primary fu8siIIkrou tratn,
near ChirI,.tinmmln.

argillaceous liniestones, ff. But. soiiim' of these same porphyries are
partially unconfo1mal)le, as b, and may itball us to suspect that the others
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also, notwithstanding their appearance of interstratification, have been

forcibly injected. Some of the porphyritic rocks" above mentioned are

highly quartzose, others very feispathic. In proportion as the masses

are more voluminous, they become more granitic in their texture, less

conformable, and even begin to send forth veins into contiguous strata.

In a word, we have here a beautiful illustration of the intermediate gra

dations between volcanic and plutonic rocks, not only in their mineral

ogical composition and structure, but also in their relations of position

to associated formations. If the term overlying can in this instance be

applied to a plutonie rock, it is only in proportion as that rock begins to

acquire a trappean aspect.
It has been already hinted that the heat, which.in every active volca

no extends downwards to indefinite depths, must produce simultaneously

very different effects near the surface, and far below it; and we cannot

suppose that rocks resulting from the crystallizing of fused matter under

a pressure of several thousand feet, much less miles, of the earth's crust

can resemble those formed at or near the surface. Hence the production
at great depths of a class of rocks analogous to the volcanic, and yet

differing in many particulars, might also have been predicted,. even had

we ho plutouie formations to account for. How well these agree, both

in their positive and negative characters, with the theory of their deep
subterranean origin, the student will be able to judge by considering the

descriptions already given.
It has, however, been objected, that if the granitic and volcanic rocks

were simply different parts of one great series, we ought to find in Moun
tain chains volcanic dikes passing upwards into lava, and downwards into

granite. But we may answer, that our vertical sections are usually of
small extent; and if we find in certain places a transition from trap to

porous lava, and in others a passage from granite to trap, it is as much
as could be expected of this evidence.
The prodigious extent of denudation which has been already demon

strated to have occurred at former periods, will reconcile the student to
the belief that crystalline rocks of high antiquity, although deep in the
earth's crust when originally formed, may have become uncovered and

exposed at the surface. Their actual elevation above the sea may be re
ferred to the same causes to which we have attributed the upheaval of
marine strata, even to the summits of some. mountain chains. But to
these and other topics, I shall revert when speaking, in the next chapter,
of the relative ages of different masses of granite.
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CHAPTER XXXIV.

ON THE DIFFERENT AGES OF THE PLUTONIC ROCKS.

Difficulty in ascertaining the precise age of a plutonic rock-Test of age by

relative position-Test by intrusion and alteration-Test by mineral composi
tion-Test by included fragments-Recent and Pliocene l)lUtbIL0 rocks, why

invisible-Tertiary plutonic rocks in the Andes-Granite altering Cretaceous

rocks-Granite altering Lias in the Alps and in Skye- Granite of Dartmoor

altering Carboniferous strata-Granite of the Old Red Sandstone period

Syeuite altering Silurian strata in Norway-Blending of the same with gneiss
Most ancient plutonic rocks-Granite protruded in a solid form-On the

probable age of the granites of Arran, in Scotland.

WHEN we adopt the igneous theory of granite, as explained in the

last chapter, and believe that different plutonic rocks have originated at

successive periods beneath the surface of the planet, we must be pre

pared to encounter greater difficulty in ascertaining the precise age of

such rocks, than in the case of volcanic and fossiliferous formations.

We must bear in mind, that the evidence of the age of each contempo
raucous volcanic rock was derived, either from lavas poured out upon the

ancient surface, whether in the sea or in the atmosphere, or from tuffs

and conglomerates, also deposited at the surface, and either containing

organic remains themselves, or intercalated between strata containing
fossils. But all these tests fail when we endeavour to fix the chrono

lofty of a rock which has crystallized from a state of fusion in the bowels1
of the earth. In that case, we are reduced to the following tests; 1st,
relative position; My, intrusion, and alteration of the rocks in contact;

3dly, mineral characters; 4t.hly, included fragments.
Test of age by relative 2,osit,o,.-Unaltered fossilitrous strata of

every age are met with reposing immediately on plutonic rocks; as at
Christiania, in Norway, where the Newer Pliocene deposits rest on gra
nite; in Auvergne, where the fresh-water Eoccnc strata, and at Heidel

berg, on the Rhine, where the New Red sandstone, occupy a similar

place. In all these, and similar instances, inferiority in position s con
nected with the superior antiquity of granite. The crystalline rock was
solid before the sedimentary beds were superimposed, and the latter
usually contain in them rounded pebbles of the subjuceit granite.

Test in, intrusion and alteration. -But when plutonie rocks send
veins into strata, and alter them near the point of contact, in the manner
before described (p. 5J7), it is clear that, like intrusive traps, they are
newer than the strata which they invade and alter. Example of the
application of this test will be given in the sequel.

Test by niincr:f coznpo.ci(ion .-Notwit htandlug a general iiuifermit.y
in the aspect of plutonic rocks, we have eeu in the last chapter that
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there are many varieties, such as Sycnite, Talcose granite, and others

One of these varieties is sometimes found exclusively prevailing through

out an extensive region, where it preserves a homogeneous character; so

that having ascertained its relative age in one place, we can easily recog

nize its identity in others, and thus determine from a single section the

chronological relations of large mountain masses. i[aving observed, for

example, that the sycuitic granite of Norway, in which the mineral

called zircon abounds, has altered the Silurian strata wherever it is in

contact, we do not hesitate to refer other masses of the same zircon.

sycnitc in the south of Norway to the same era.

Some have imagined that the age of different granites might, to a

great extent, be determined by their mineral characters alone; syenite,
for inst.ancc,.or granite with liornblem.le, being more modern lian com

mon or micaccous granite. But modern investigations have proved these

generalizations to have been premature. The sycuitic granite of Nor.

way already alluded to may be of the same age as the Silurian strata,

which it traverses and alters, or may belong to the Old Red sandstone

period; whereas the granite of Dartmoor, although consisting of mica,

quartz, and feispar, is newer than the coal. (Sec p. 580.)
Test by included fragments.

-This criterion can rarely he of much

importance, because the fragments involved in granite are usually so
much altered, that they cannot be referred with certainty to the rocks
whence they were derived. In the White Mountains, in North Ame
rica, according to Professor Hubbard, a granite vein traversing granite,
contains fragments of slate and trap, which must have fallen into the
fissure when the fused materials of the vein were injected from below,
and thus the granite is shown to be newer than certain superficial slat.y
and trappean formations.

Recent and Plioccnc 2)llit0'c rocks, why in visible. -The explanation
already given in the 29th and in the last chapter, of the probable rela
tion of the plutonie to the volcanic formations, will naturally lead the
reader to inier, that rocks of the one class cau never be produced at
or near the surface without some members of the other being formed
below simultaneously, or soon afterwards. It is not uncommon for lava.
streams to require more than ten years to cool in the open air; and
where they are of great depth a much longer period. The melted
matter poured from Jorullo, in Mexico, in the year 1759, which accu
mulated in some places to the height of 550 feet, was found to retain a
high temperature half a century after the cruption.t We may conceive,
therefore, that great masses of subterranean lava may remain in a redhot or incandescent state in the volcanic foci for immense periods, and
the process of refrigeration may be extremely gradual. Sometimes, indeed, this process may be retarded for an indefinite period, by the accession of fresh supplies of heat; for we find that the lava in the crater ofStrombl)lj, one of the Lipari Islands, has been in a state of constant

0 8ilJi' Journ., No. GO, p. 123. t See "Principles," hider, "Jorullo."
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ebullition for the last two thousand years; and we may suppose this

fluid mass to communicate with some caldron or reservoir of fused

matter below. In the Isle of Bourbon, also, where there has been an

emission of lava once in every two years for a long period, the lava

below can scarcely fail to have been permanently in a state of liquefac
tion. If then it be a reasonable conjecture, that about 2000 volcanic

eruptions occur in the course of every century, either above the waters
of the sea or beneath them,* it will follow that the quantity of plutonic
rock generated, or in progress during the Recent epoch, must already
have been considerable.
But as the plutonic rocks originate at some depth in the earth's crust,

they can only be rendered accessible to human observation by subsequent
upheaval and, denudation. Between the period when a plutonic rock

crystallizes in the subterranean regions, and the era of its protrusion at

any single point of the surface, one or two geological periods must

usually intervene. Hence, we must not expect to find the Recent or
Newer Pliocene granites laid open to view, unless we are prepared to
assume that sufficient time has elapsed since the commencement of the
Newer Pliocene period for great upheaval and denudation. A plutonic
rock, therefore, must, in general, be of considerable antiquity relatively
to the fossiliferous and volcanic formations, before it becomes extensively
visible. As we know that the upheaval of land has been sometimes

accompanied in South America by volcanic eruptions and. the emission
of lava, we may conceive the more ancient plutonic rocks to be forced

upwards to the surface by the newer rocks of the same class formed suc

cessively below,-subterposit.ion in the plutonic, like superposition in the

sedimentary rocks, being usually characteristic of a newer origin.
In the accompanying diagram (fig. 69i), an attempt is made to show

the inverted order in which sedimentary and. plutonic formations may
occur in the earth's crust.
The oldest plutonic rock, No. I., has been upheavcd. at successive

periods until it has become exposed to view in a mountain-chain. This

protrusion of No. I. has been caused by the igneous agency which pro
duced the newer plutonic rocks Nos. II., III., and 1Y. Part of the

primary fossiliferous strata, No. 1, have also been raised to the surface
by the same gradual process. It will be observed that the Recent
strata No. 4, and the Recent granite or plutonic rock No. IV., are the
most remote from each other in position, although of contemporaneous
date. According to this hypothesis, the convulsions of many periods
will be required before Recent granite, or granite of the human period,
will be upraised so as to form time highest ridges and central axes of
mountain-chains. During that time time Recent strata No. 4 might be
covered by a great many newer sedimentary formations.

Eocene granite and pliLlonic rocks.-In a lbrmner part of this volume
(p. 230), the great nummnulitic formation of the Alps an'! Pyrenees was

0 IS
Principles," Iizcki, " Volcanic Eruptions."
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Diagram showing the relative position which the platonic and sedimentary formations of different ages may occupy.

I. Primary plutonic.II. Secondary platonic.
111. Tertiary platonic.
IV. Recent platonic.




4. Recent strata.
3. Tertiary strata.
2. Secondary strata.
1. Primary fossiliferous strata.

The metopborphic rocks are not indicated In this diagram; but the student will infer, from what boa been anici in Chapter X.XXU., that some portions of the stratifiedrmatIons Nos. 1 and 2 invaded by granite will have become metamorphic.
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referred to the Eocene period, and it follows that those vast movements

which have raised fossiliferous rocks from the level of the sea to the

height of more than 10,000 feet above its level have taken place since

the commencement of the tertiary epoch. Here, therefore, if anywhere,
we might expect to find hypogene foiinations of Eocene date breaking

out in the central axis or most disturbed region of the loftiest chain in

Europe. Accordingly, in the Swiss Alps, even the flyseli, or upper por

tion of the numniulitic series, has been occasionally invaded by plutonic
rocks, and converted into crystalline scbists of the hypogene class.

There can be little doubt that even the talcose granite or gneiss of Mont

Blanc itself has been in a fused or pasty state since the j1ysc1 was de

posited at the bottom of the sea; and the question as to its age is not so

much whether it be a secondary or tertiary granite, or gileiss, as whether

it should be assigned to the Eocene or Miocene epoch.
Great upheaving movements have been experienced in the region of

the Andes, during the Post-Pliocene period. In some part., therefore,

of this chain, we may expect to discover tertiary plutonic rocks laid open
to view. What we already know of the structure of the Chilian Andes

seems to realize this expectation. In a transverse section, examined by
Mr. Darwin, between Yalparaiso and Mendoza, the Cordillera was found

to consist of two separate and parallel chains, formed of sedimentary
rocks of different ages, the strata in both resting on plutonic rocks, by
which they have been altered. In the western or oldest range, called

the Peuquenes, are black calcareous clay-slates, rising to the height of

nearly 14,000 feet above the sea, in which are shells of the genera Giy.

p1zea, Turritella, Terebratula, and Ammonite. These rocks are sup..

posed to be of the age of the central parts of the secondary series of

Europe. They are penetrated and altered by dikes and mountain masses
of a plutonic rock, which has the texture of ordinary granite, but rarely
contains quartz, being a compound of albite and hornblende.

The second or eastern chain consists chiefly of sandstones and con

glomerates, of vast thickness, the materials of which are derived from
the ruins of the western chain. The pebbles of the onglomeratcs are,
for the most part, rounded fragments of the fossiliferous slates before
mentioned. The resemblance of the whole series to certain tertiary
deposits on the shores of the Pacific, not only in mineral character, but
in the imbedded lignite and silicifled woods, leads to the conjecture that

they also are tertiary. Yet these strata are not only associated with trap
rocks and volcanic tuffs, but are also altered by a granite consisting of

quartz, feispar, and talc. They are traversed, moreover, by dikes of the
same granite, and by numerous veins of iron, copper, arsenic, silver, and
gold; all of which can be traced to the underlying granite.* We have,
therefore, strong ground to presume that the plutonic rock, here exposed
on a large scale in the Chilian Andes, is of later date than certain terti.
ary formations.

" Darwin, pp. 300, 406: second edition, P. 310.
37
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But the theory adopted in this work of the subterranean origin of the

hypogcnc formations would be untenable, if the supposed fact hero

alluded to, of the appearance of tertiary granite at the surface was not

a rare exception to the general rule. A considerable lapse of time must

intervene between the formation, in the nether regions, of plutonic and

metamorphic rocks, and their emergence at the surface. For a long

series of subterranean movements must occur before such rocks can be

uplifted into the atmosphere or the ocean; and, before they can be ren

dered visible to man, some strata which previously covered them must

usually have been stripped off by denudation.

We know that in the Bay of Bairn, in 1538, in Cutch in 1819, and

on several occasions in Peru and Chili, since the commencement of the

present century, the permanent upheaval or subsidence of land has been

accompanied by the simultaneous emission of lava at one or more points
in the same volcanic region. From these and other examples it may be

inferred that the rising or sinking of the earth's crust, operations by
which sea is converted, into land, and land into sea, are a part only of

the consequences of subterranean igneous action. It can scarcely be

doubted that this action consists, in a great degree, of the baking, and

occasionally the liquefaction, of rocks, causing them to assume, in some
cases a larger, in other a smaller volume than before the application of
heat. It consists also in the generation of gases, and their expansion
by heat., and the injection of liquid matter into rents formed in

superincumbent rocks. The prodigious scale on which these subterranean
causes have operated in Sicily since the deposition of the Newer
Pliocene strata will be appreciated, when we remember that throughout
half the surface of that island such strata are met with, raised to the

height of from 50 to that of 2000 and even 3000 feet above the level
of time sea. In the same island also the older rocks which are contiguous
to these marine tertiary strata must have undergone, within the same
period, a similar amount of upheaval.
The like observations may be extended to nearly the whole of Europe,

for, since the commencement of the Eocene period, the entire European
area, including some of the central and very lofty portions of the Alps
themselves, as I have elsewhere shown*, has, with the exception of a
few districts, emerged from the deep to its present altitude; and oven
those tracts, which were already dry land before the Eocene era, have
almost everywhere acquired additional height. A large a'mount of
subsidence has also occurred during the same period, so that the
extent of the subterranean spaces which have either become the
receptacles of sunken fragments of the earth's crust, or have been ren
dered capable of supporting other fragments at a much greater heightthan before, must be so great that they probably equal, if not exceed in
volume, the entire continent of Europe. We are entitled, therefore, to
ask what amount of change of equivalent importance can be proved to

See map of Europe and explanation, in Principles, book L
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have occurred in the earth's crust within an equal quantity of time an

terior to the Eocene epoch. They who contend for the more intense

energy of subterranean causes in the remoter eras of the earth's history,

may find it more difficult to give an answer to this question than they

anticipated.
The principal effect of volcanic action in the nether regions, during

the tertiary period, seems to have consisted in the upheaval to the sur

face of hypogenc formations of an ago anterior to the carboniferous.

The repetition of another series of movements, of equal violence, might

upraise the plutonic and metamorphic rocks of many secondary periods;
and if the same force should still continue to act, the next convulsions

might bring up to the day, the (erlia.?W and recent hypogeno rocks. In

the course of such changes many of the existing sedimentary strata
would suffer greatly by denudation, others might assume a meta

morphic structure, or become incited down into platonic and volcanic
rocks. Meanwhile the deposition of a vast thickness of new strata would
not fail to take place during the upheaval and partial destruction of the
older rocks. But I must refer the reader to the last chapter but one of
this volume for a fuller explanation of these views.

Cretaceous period. - It will be shown in the next chapter that chalk,
as well as has, has been altered by granite in the eastern Pyrenees.
Whether such granite be cretaceous or tertiary cannot easily he decided.

Pig. . Suppose Ii, c, ci, to be three members of
the Cretaceous series, the lowest of which,

= = d b, has been altered by the granite A, the
C

modifying influence not having extended
- - so far as c, or having but slightly affected

its lowest beds. Now it can rarely be

possible for the geologist to decide whether
the beds ci existed at the time of the intrusion of A, and alteration of
Ii and c, or whether they were subsequently thrown clown upon C.

But as some cretaceous and even tertiary rocks have been raised to
the height of more than 9000 feet in the Pyreuces, we must not assume
that plutonic formations of the same periods may not. have been brought
up and exposed by denudation, at the height of 2000 or 3000 feet on
the flanks of that chain.

Period of Oolie and Lias.-In the department. of the 1Iautis Allies,
in France, near Vizilk, M. Elk (10 Beaumont, traced a black argillaceous
limestone, charged with l)elemnhtes, to within a few yards of a mass of

granite. Here the limestone begins to put. on a granular texture, but
is extremely fine-grained. When nearer the junction it becomes gm,
and has a sacehiaroid structure. In another locality, near Champoleon, a
granite composed of quartz, black mica, and rose-colored I1spar, is
observed partly to overlie the secondary rocks, producing an alteration
Which extends for about 30 feet downwards, diminishing in the beds
which lie farthest from the granite. (See fig. 099.) In the altered
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699.
mass the argillaceous beds are

Pig.
hardened, the limestone is sacs

charoid, the grit.z quart.zose,
and in the midst of them is a

": thin layer of an imperfect

granite. It is also an impor
: '-

taut circumstance that near

the point of contact, both the
wellOle

granite and the secondary
:: rocks become nietalliferous,

4 and contain nests and small

veins of bleude, galena, iron,

and copper pyrites. The stra

tified rocks become harder and

more crystalline, but the gra
nite, on the contrary, softer

Junction of granite vitl 1urascc or OoBte strata in
the Alps, near Champokon. and less perfectly crystallized

near the junction.*

Although the granite is incumbent in the above section (fig. 000), we

cannot assume that it overflowed the strata, for the disturbances of the

rocks are so great in this part of the Alps that they seldom retain the

position which they must originally have occupied.
A considerable mass of sycnite, in the Isle of Skye, is described by

Dr. MacCulloch as intersecting limestone and shale, which are of the

age of the lias.t The limestone, which, at a greater distance from the

granite, contains shells, exhibits no traces of them near its junction,
where it has been converted into a pure crystalline marble.t
At Preclazzo, in the Tyrol, secondary strata, some of which are lime..

stones of the Oolite period, have been traversed and altered by plutonic
rocks, one portion of which is an augitic porphyry, which passes insen

sibly into granite. The limestone is changed into granular marble, with
a band of serpentine at the junction.

Carboniferous period. -The granite of Dartmoor, in Devonshire, was

formerly supposed to be one of the most ancient of the plutonic rocks,
but is now ascertained to be posterior in date to the culm-measures of
that county, which, from their position, and. as containing true coal.
plants) are regarded by Professor Scdgwick and1Sir it Murchison as
members of the true caronifcrous series. This granite, like the syoni
tic granite of Christiania, has broken through the stratified formations
without much changing their strike. Hence, on the north-west side of
Dartmoor, the successive members of the cuim-measures abut against, the
granite, and become metamorphic as they approach. These strata are.

Elic do Beaumont, sur Ics Montagnes do I'Oisans, &o. Mcm. do Ia Soc.
l'llist. Nat. do Paris, torn. v.
f See Murchison, Gool. Trans., 2d series, vol. ii., part ii., pp. 311-821.
Western Islands, vol. i. p. 230, pinto 18, figs. 3, 4.
Von ]3uch, Annales do Cliiinie, &c.
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also penetrated by granite veins, and plutonic dikes, called "clvans."*

The granite of Cornwall is probably of the same date, and, therefore,

as modern as the Carboniferous strata, if not much newer.
Silurian period. -It has long been known that the granite near

Ohristiania, in Norway, is of newer origin than the Silurian strata of
that region. Von Buch first announced, in 1813, the discovery of its

posteriority in date to limestones containing ortliocerata and trilobites.
The proofs consist in the penetration of granite veins into the shale
and limestone, and the alteration of the strata, for a considerable dis
tance from the point of contact, both of these veins and the central mass
from which they emanate. (See p. 572.) Von Buch supposed that the

plutonic rock alternated with the fossiliferous strata, and that large
masses of granite were sometimes incumbent upon the strata; but this
idea was erroneous, and arose from the fact that the beds of shale and
limestone often dip towards the granite up to the point of contact, ap
pearing as if they would pass under it in mass, as tt a, fig. 700, and
then again on the opposite side of the same mountain, as at b, dip away
from the same granite. When the junctions, however, are carefully
examined, it is found that the plutonic rock intrudes itself in veins, and
nowhere covers the fossiliferous strata in large overlying masses, as is
so commonly the case with trappean format.ions.f

Fig. 700.

i
Silurian. Granite. Silurian StrabL

Now this granite, -which is more modern than the Silurian strata of
Norway, also sends veins in the same country into an ancient formation
of gneiss; and the relations of the plutonic rock and the gneiss at their
junction, are full of interest when we duly consider the wide difference of
epoch which must have separated their origin.
The length of this interval of time is attested by the following facts

The fossiliferous, or Silurian beds, rest unconform ably upon the trun
cated edges of the gneiss, the inclined strata of which had been
denuded before the sedimentary beds wci'o superimposed (see fig.
701). The signs of denudation are twofold; first, (ho Surface of the

FIg. 701.




Silurian strnin.

Oneiss. Granite. Oneiss.
Granite sending veins Into Silurian strata anti Gneiss,-CbrbtinnI, Norway.

* Proceed. Geol. Soc. voL ii. . 562, and Trnn4. 2d her. vol. v. p. 680.
f See the Gwa Norvegica and other works of JCeilliau, with whom I examinedthis country.
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gneiss is seen occasionally, on the removal of the newer beds, containing

organic remains, to be worn and smoothed; secondly, pebbles of gneiss

have been found in some of the Silurian strata. Between the origin,

therefore, of the gneiss and the granite there intervened, first, the period

when the strata of gneiss were denuded ; My, the period of the deposition

of the Silurian deposits. Yet. the granite produced, alter this long interval,

is often so intimately blended with the ancient gneiss, at the point of

junction, that it is impossible to draw any other than an arbitrary line

of separation between them; and where this is not the case, tortuous

veins of granite pass freely through gneiss, ending sometimes in threads,

as if the older rock had offered no resistance to their passage. It seems

necessary, therefore, to conceive that. the gneiss was softened and more

or less melted when penetrated by the granite. But had such junctions

alone been visible, and had we not learnt, from other sections, how long
a period elapsed between the consolidation of the gneiss and the injec

tion of this granite, we might have suspected that the gneiss was scarcely
solidified, or had not yet assumed its complete metamorphic character,

when invaded by the plutonic rock. From this example we may learn

how impossible it is to conjecture whether certain granites in Scotland,

and other countries, which send veins into gneiss and other metamorphic
rocks, are primary, or whether they may not belong to some secondary
or tertiary period.

Oldest granites.-It, is not half a century since the doctrine was very
general that all granitic rocks were primitive, that is to say, that they
originated before the deposition of the first sedimentary strata, and
before the creation of organic beings (see above, p. 9). But so greatly
are our views now cliauged

0

s1
0 ) that we find it no easy task to point out a

ino" c mass of granite demonstrably more ancient than all the known
fossilifbrous deposits. Could we discover some Lower Cambrian strata

resting immediately on granite, there being no alterations at. the point
of contact, nor any intersecting granitic veins, we might then affirm the
plutonic rock to have originated before the oldest known fossiliferous
strata. Still it would be presumptuous, as we have already pointed out,
p. 452, to suppose that when a small Part only of the globe has been

investigated, we are acquainted with the oldest fossiliferous strata in the
crust of our planet. Even when these are found, we cannot assume that
there never were any antecedent strata containing organic remains, which
may have become metamorphic. If we find pebbles of granite in a con
glomerate of the Lower Cambrian system, we may then feel assured that
the parent granite was formed before the Lower Cambrian formation.
But if the incumbent strata be merely Silurian or Upper Cambrian, the
fundamental granite, although of high antiquity, may be posterior in date
to known fossiliferous formations.

Protrusion of solid granite.-In part of Suthieilandsbire, near Brora,
common granite, composed of feispar, quartz, and mica, is in immediate
contact with Oohitic strata, and has clearly been elevated to the surface
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at a period subsequent to the deposition of those strata.* Professor

Scdgwick and Sir IL Murchison conceive that this granite has been up.

heaved in a solid form; and that in breaking through the submarine

deposits, with which it was not perhaps originally in contact, it has frac

tured them so as to form a breccia along the line of junction. This

breccia consists of fragments of shale, sandstone, and limestone, with

fossils of the oolito, all united together by a calcareous cement. The

secondary strata, at some distance from the granite, are but slightly dis

turbed, but in proportion to their proximity the amount of dislocation

becomes greater.
If we admit that solid bypogenc rocks, whether stratified or unstrati

fled, have in such cases been driven upwards so as to pierce through

yielding sedimentary deposits, we shall be enabled to account for many

geological appearances otherwise inexplicable. Thus, for example, at

Weinböhla and Hohnstein, near Meissen, in Saxony, a mass of granite
has been observed covering strata of the Cretaceous and Oolitic periods
for the space of between 300 and 400 yards square. It appears clearly
from a Memoir of Dr. B. Cotta on this stLltjtct,t that the granite was

thrust into its actual position when solid. There arc no intersecting veins

at the junction-no alteration as if by heat., but evident signs of rubbing,
and a breccia in some places, in which pieces of granite are mingled with

broken fragments of the secondary rocks. As the granite overhangs both

the has and chalk, so the has is in some places bent. over strata of the

cretaceous era.
Relative age of the granites ofArran.-In this island, the largest in

the Firth of Clyde, being twenty miles in length from north to south,
the four great classes of rocks, the fossiliferous, volcanic, plutonic, and

metamorphic, are all conspicuously displayed within a very small area,
and with their peculiar characters strongly contrasted. In the north
of the island the granite rises to the height of nearly 8000 feet above
the sea, terminating in mountainous peaks. (See section, fig. 702.)
On the flanks of the same mountains are cbloritic schists, blue roofing
slate, and other rocks of the metamorphic order (No. 1), into which the

granite (No. ) sends veins. This granite, therefore, is newer than the

hypogene sehists (No. 1), which it penetrates.
These schists are highly inclined. Upon them rest beds of congloni

crate and sandstone (No. 3), which are referable to the Old Red forma
tion, to which succeed various shales and limestones (No. 4) containing
the fossils of the Carboniferous period, upon which are other strata of
sandstone and conglomerate (upper part of No. 4), in which no fossils
have been met with, which it is conjectured may belong to the New lied
sandstone period. All the preceding formations are cut through by the
volcanic rocks (No. 5), which consist of grcenstone, basalt, pitelistone,
claystone-porphyry, and other varieties. These appear either in the

" MurcIIi8on, Geol. Trans., 2d series, vol. ii. p. 307.
f Geognosticho Wanderungeii, Leipzig, 188.
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form of dikes, or in dense masses from 50 to O0 feet in thickness

overlying the strata (No. 4). They sometimes pass into syenite of so

crystalline a form, that it may rank as a plutonic formation; and in one

region, at Ploverfielci, in Glen Cloy, a fine-grained granite (6 a) is seen

associated with the trap formation, and sending Veins, into the sandstone

or into the upper strata of No. 4. This interesting discovery of granite

in the southern "rcgion of Aryan, at. a point where it is separated from

the northern mass of granite by a great thickness of secondary strata

and overlying trap, was made by Mr. L. A. Necker of Geneva, during

his survey of Arran, in 1839. We also learn from late investiga

tions by Professor A. C. Ram.say, that a similar fine-grained granite (No.

6 b) appears in the interior of the northern granitic district, forming the

nucleus of it, and sending veins into the older coarse-grained granite

(No. 2). The trap dikes which penetrate the older granite are cut off,

according to Mr. llamsay, at the junction of the fine-grained.
It is not improbable that the granite (No. 6 b) may be of the same

age as that of Ploverfield (No. 6 a), and this again may belong to the

same geological epoch as the trap formations (No. 5). If there be any
difference of date, it would seem that the fine-grained granite must be

newer than the trappean rocks. But, on the other hand, the coarser

granite (No. 2) may be the oldest rock in Arran, with the exception of

the hypogene slates (No. 1), into which it sends veins.
An objection may perhaps at first be started to this conclusion, de

rived from the curious and striking fact, the importance of which wa
first emphatically pointed out by Dr. NacCtilloch, that no pebbles of

granite occur in the conglomerates of the red sandstone in Arran, though
these conglomerates are several hundred feet in thickness, and lie at the
foot of lofty granite mountains, which tower above them. As a general
rule, all such aggregates of pebbles and sand are mainly composed of
:he wreck of pre-existing rocks occurring in the immediate vicinity.
The total absence therefore of granitic pebbles has justly been a theme
of wonder to those geologists who have successively visited Arran, ad
they have carefully searched there, as I have done myself, to find an
exception, but in vain. The rounded masses consist exclusively of
quartz, chloritc-schist,, and other members of the metamorphic series;
nor in the newer conglomerates of No. 4 have any granitie fragments
been discovered. Are we then entitled to affirm that the coarse-grained
granite (No. 2), like the fine-grained variety (No. 6 a), is more modern
than all the other rocks of the island? This we cannot assume at
present, but we may confidently infer that when the various beds of
sandstone and conglomerate were formed, no granite had reached the
surface, or had been exposed to denudation in Aryan. It is clear that
the crystalline selmists were ground into sand and shingle when the strata
No. 3 were deposited, and at that time the waves had never acted uponthe granite, which now sends its veins into the schist. May we then
conclude, that the sehist8 suffered denudation before they were invaded
by granite? This opinion, although not inadmissible, is by no means
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General section of Arran from north to south.

Fig. 702.
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3 Old Red Sandstone and Conglomerate containing pebbles exclusively derived from the rocks, No. 1, without any Intermixture of granitlofragments.
4. Carboniferous strata and rod sandstone (New Red?)
5. Trap, overlying anti in dikes, e. d, e, pns.slng occasionally into Syenitcs of the Plutonic class.
6a. Fine-grained granite, associated with the overlying trap, No. 5.
6 b. imllnr fine-grained granite, sending veins into the older granite, No. 2, and cutting off the trappean dikes, c, 1.'

1. MetamorphIc or flypogene RchIstR. the oldest formation in Arran.
2 Coarse-gralned granite sending veins into the schists, No. 1. -

0 Ii lb. above section I have attempted to represent the new discoveries mad, since I83, by Mr. Necker and Mr. A. C. R*JDIay, in regard to the pluloole formation,, 6g, and6 b. (See p. 456.)
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fully borne out by the evidence. For at the time when the Old Ecd 
sandstone origimtcd, the mclamorphic strata may bwc formed islands 
in the sea, as in fig. 7^0, over which the brcaltcra rolled, or from which 

torrents and rivers desccndcd, carrying down gravel and sand. The 
plutonic or granite (s)  may even then havc kcen previously an- 
jccted at a certain depth bclow, and yet may never havc been exposed 
to denudation. 

AS to the time and manner of the subsepcnt prot.rt1sion of tlio coarse- 
grained granite (No. 2), this rock may haw been thrust up bodily, in 3 
solid form, during that long scries of Ig~cous operations which produced 
tire trappcan and plutonic formations (Nos. 5, 6 a, and 6 1). 
We have shown that these eruptions, whatever their date, were poste- 

rior to the deposition of all the fossilifcrous strata of Arran. Wo can 
also prove that subsequently both the granitic nnd trappefin rocks iinder- 
went great aqueous dcnudalion, which they probably suffered during 
their emergence from tho sen. The fact is demonstrated by tlic abrupt 
truncntion of nun~cro~is d i l ~ c ~ ~  SIICIL ns t h e  at c, d, e, which nre cut off 
on tlro surface of tlio granite and trap. The ovcrlyiug trap also censes 
very abruptly on appwacliing the boundary of the great hypogcno 
region, and terminates in a steep escarpment facing towards it as at f, 
6". 702. When in its original fluid state it could not liinrc come thus 
suddenly to an end, but must have filled up the hollow now separating it I 

from the hypogcne rocks, had such a hollow then existed. This nc&- 
sity of supposing that both tlro trap and tho conglomerntte once extended 
farther, and that veins sucli as c d, fig. 702, were once prolonged farther 
upwards, prepares us to believe that the whole of the northern granite 
may at one time have been covcrcd by newer formations, under the 
pressure of wliicli, before its protrusion, it assumed its highly crystalline 
texture. 

The theory of tho protrusion in a solid form of tho northern nucleus 
of pranitc is confirmed by the manner in which the hypogcno slates 
(No. I), and the beds of conglomcrnto (No, 8), dip away from it on all 
sides. In some places indeed the slates arc inclincd towards tlio granite, 
but this exception might have hccu looked for, hecauso these hypogcno 
strata have undergone disturbances at more tlian one geological epoch, 
a d  may at ~ o m e  points, pcfiaps, have their original order of position 
inverted* The high inclination, therefore, and tho qufiquftvcrsal dip of 
the beds mound the borders of tlio granitic boss, and the compnrativo 
horizontal it^ of tho fosailifcrous &tra.ta in the southern part of the island, 
me facts which d l  accord with tho hypothesis of a great nmount of 
movement at that point wbcro tho granite is supposed to Iiavo been 
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thrust up bodily,
tended laterally by
materials.*




and where we may* conceive it to have been dis.

the repeated injection of fresh supplies of melted

CHAPTER XXXV.

METAMORPHIC ROCKS.

General character of metamorphic rocks-C neiss-Uornblonde-schist-M1ct'
schist-CIay-slate-Qunrtzite-Chiorite.schist-Metamorphic Iimestouc-Al

pbabetical list and explanation of the more abundant rocks of this family
Origin of the metamorpbc strata-Their stratification-Fossil iferous strata near
intrusive masses of granite converted into rocks identical with different mem

bers of the metamorphic series-Arguments hence derived as to the nature of

plutonic action-Time may enable this action to pervade denser masses-From
what kinds of sedimentary rock each variety of the metamorphic class may be
derived-Certain objections to the motuniorphie theory considered-Partial
conversion of Eocene slate into gneiss.

Wi have now considered three distinct classes of rocks: first, the

aqueous, or fossiliferous; secondly, the volcanic; and, thirdly, the plu
tonic, or granit-ic; and we have now, lastly, to examine those crystalline

(or hypogene) strata to which the name of metamorphic has been assigned.
The last-mentioned term expresses, as before explained, a theoretical opin
ion that such strata, after having been deposited from water, acquired, by
the influence of heat and other causes, a highly crystalline texture. They
who still question this opinion may call the rocks under consideration the

stratified hypogene, or sehistose hypogene formations.

These rocks, when in their most characteristic or normal state, are

wholly devoid of organic remains, and contain no distinct fragments of

other rocks, whether rounded or angular. They sometimes break out in

the central parts of narrow mountain chains, but in other cases extend

over areas of vast dimensions, occupying, for example, nearly the whole of

Norway and Sweden, where, as in Brazil, they appear alike in the lower

and higher grounds. In Great Britain, those members of the series

which approach most nearly to granite in their composition, as gneiss,
mica-scliist, and horublende-schist., are confined to the country north of
the rivers Forth and Clyde.
However crystalline these rocks may become in certain regions, they

never, like granite or trap, send veins into contiguous formations, whether

into an older schist or granite, or into a set of newer fossiIitrous strata.

Many attempts have been made to trace a general order of succession

* For the geology of Arran consult the works of Drs. 1-lutton and MacCulloch,
the Memoirs of Messrs. Von Dochen and Ocynimusen, that. of Professor Sedgwick
and Sir It Muireluison (Geol. Trnn. 2d series), Mr. L. A. Necker's Memoir, read to
the Royal Soc. of Edin. 20th April, 1840, and Mr. Ratnsay's Geol. of Arran, 1841.
I examined myself a large part of Arran in 1830.
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or superposition in tho members of this family ; cin~slate, for esam11it, 
having been often supposed to hold invariably a higher geolo~ical a. posi- 
son than mica-schist., nnd mica-schist always to ovcrlio gneiss. But 
altho~~gh such (in order may prevail tl~roi~gliout limited districts, it is 
by no means uiii~*crsni. To this subject, however, I shall again revert, in 
the 37th chapter, when the clironologicnl relations of tho iiietiunorpliic 
rocks are pointed o u t  

Tire following may be enuiiicraicil as tlio principal members of tlia 
mctfiinqllic class : - gneiss, mien-schist, 1iornbIend~-scliist, clay-slnt~, 
chlorite-scliist, liypoffcne or inctamorpl~ic lh s tonc ,  find certain kinds of 
rpinrtz-rock or quiirlzitc. 

t311eiss.-The first of these, g11~lss~ my 1)0 railed stratificil, or, by Il~ose 
who oI1ject to that term, foliated, grat~ite, bei ig  fo1*111ccI of tlic same m- 
terids. as granite, ~amely,  (elspar, quartz, awl mica. In tlia specimen 
here figured, tho wliito Inycre consist nlmost exclusively of granuliir fcl- 
spar, with hero and tlicro a sped; of mica and grain of quartz. Tlio dark 
layers are composed of gray quartz and Mad; mica, with'occasionally a 

grain of frlspar inIcrniixetl. The rock splits most easily in  tho plane of 
these diiilcr layers, and tiro surfitce thus exposed is almost entirely cov- 
ered with shining spangles of mica. TIio nccompatiyi tig qialirtz, l iowev~~,  
greatly predominntes in q~ii~tity, but the most ready clcavngo is deter- 
mined by tile abundance of melt in ccrtnin parts of tho dark layer. 

Instead of consisting of these tliiu lamina!, gneiss is sometimes simply 
divided into thick beds, iii which tho mica Ims only n slight degree of 
parallelism to (.be pinnos of strntificatiou. 

The term " gneiss," however, in geology is commonly used in a wider 
sense, to designate a formtion iu which the iibovc-incntioucd rock pro- 
vails, but with which any ono of tlio other iiietamorphic tacks, and more 
especially liornlilonde-scliiat, niny nl ternate. These other members of the 
metamorphic series are, in this cnsc, considered os subordimita to the true 
gneiss. 

The different varieties of rock allied to gneiss, in to which felspnr enters 
nil essential ingredient, will ba understood by referring to what wrt~ said 

of granite= Thus, for example, liornblondo may bo ~upernddcd to mica, 
qufir4 and felspnr, forming a ~ycnitic gueis ; or tnic mny bo substitu toil 
for mica, constituting tnlcoso gneiss, a rock composed of folspur, quartz, 
find % in distinct crystah or grains (stritified protogino of tho French). 
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Hornblende-schist is usually black, and composed principally of horn-

blonde, with a variable quantity of feispar, and sometimes grains of quartz.

When the hornblende and feispar are nearly in equal quantities, and the

rock is not slaty, it corresponds in character with the greenstones of the

trap family, and has been called 11
primitive greenstone." It may be

termed hornblende rock. Some of these hornblendie masses may really

have been volcanic rocks, which have since assumed a more crystalline or

metamorphic texture.

.Mica-schist, or Micciceous schist, is, next to gneiss, one of the most

abundant rocks of the metamorphic series. It is slaty, essentially com

posed of mica and quartz, the mica sometimes appearing to constitute the

whole mass. Beds of pure quartz also occur in this foiinat.rn. In some

districts, garnets in regular twelve-sided crystals form an integrant part of

mica-schist. This rock passes by insensible gradations into clay-slate.

Clay-slate, or i1;qillaccous schist.-This rock sometimes resembles an

indurated clay or shale. It is for the most part extremely fissile, often

affording good roofing-slate. Occasionally it derives a shining and silky
lustre from the minute particles of mica or talc which it contains. It

varies from greenish or bluish-gray to a lead color; and it may be said of

this, more than of any other schist, that it is common to the metamorphic
and fossihitrous series, for some clay-slates taken from each division would

not be distinguishable by mineral characters alone.

Quartzite, or Quartz rock, is an aggregate of grains of quartz which

are either in minute crystals, or in many cases slightly rounded, occurring
in regular strata, associated with gneiss or other metamorphic rocks.

Compact quartz, like that so frequently found in veins, is also found

together with granular quartzite. Both of these alternate with gneiss or

mica-schist, or pass into those rocks by the addition of mica, or of feispar
and mica.

Chlorite-schist is a green slaty rock, in which chlorite is abundant in

foliated plates, usually blended with minute grains of quartz, or sometimes
with feispar or mica ; often associated with, and graduating into, gneiss
and clay-slate.

crystalline or MetamorphIc limestone.-Tlns hypogene rock, called by
the earlier geologists primary limestone, is sometimes a white crystalline

granular marble, which when in thick beds can be used in sculpture;
but more frequently it occurs in thin beds, forming a foliated schist much

resembling in color and appearance certain varieties of gneiss and mica
scliist. When it alternates with these rocks, it often contains some crys
tals of mica, and occasionally quartz, feispar, hornblendo, tale, chlorite,

garnet, and other minerals. It enters, sparingly into the structure of the

hypogeno districts of Norway, Sweden, and Scotland, but is largely de

'eloped in the Alps.
Before offering any farther observations on the probable origin of the

metamorphic rocks, I subjoin, in the form of a glossary, a brief explanation
of some of the principal varieties and their synonyms.
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Explanation of tite Names, Synonyms, and Mineral Composition of th

more abundant Meta;norpltic Rocks.

AFZNOLITE.SCUIST. A slaty foliated rock, composed chiefly of actinoilte (an emer

ald-green mineral, allied to hornblende), with some admixture of garnet,

mien, and quartz.
AMrELITE. Alurninous slate (Brougniart); occurs both in the metamorphic and

fossiliferous series.
AIFIuD0LITE. Hornblende rock, which see.

AUGILLAcE0US.SOILIST, or CLAY-SLATE. See p. 689.

An1osE. Name given by Brongniart to a compound of the same materials as

granite, which it often resembles closely. It is found at the junction of

granite with formations of different ages, and consists of crystals of feispar,

quartz, and sometimes mica, which, after separation from their original
matrix by disintegration, have been reunited by a siliceous or qunrtzose
cement. It is often penetrated by quartz veins.

CUIASTOLrrE-SLATIL scarcely differs from clay-slate, but includes numerous crystals
of Chiastolite: in considerable thickness in Cumberland. Chiastolite occurs
in long Jender rhomboidal crystals. For composition, see Table, p. 475.

CIILORFrE.SCHIST. A green slaty rock, in which chlorite, a green scaly mineral, is
abundant. Sec p. 689.

CLAY-SLATE or AROILLACEOUS"SCIIIST. Sec p. 589.

EURITE has been already mentioned as a plutonic rock (p. 564), but occurs also
with precisely the same composition in beds subordinate to gneiss or mica
slate.

GNE3S. A stratified or foliated rock; has the same composition as granite. See
p. 589.

IIORNBLENDE Rociç or AMPUIB0LITE. See above, p. 478. A member both of the
volcanic and metamorphic series. Agrees in composition with hornblende
schist, but is not fissile.

HORNDLENDE-SCHIST, or SLATE. Composed of horablendo and fclspar. Sec p. 689.
JIORNOLENDIO or SYENITIO GNEISS. Composed of feispar, quart; and hornblendo.
HYFOGENE LIMESTONE. Sea p. 589.

MARBLE. See pp. 12 & 689.
MICA-SCILIST, or MlcAcEous.scIusT. A slaty rock, composed of mica and quartz, in

variable proportions. Sec p. 589.
MICA-SLATE. See MICA.SCUIST, p. 589.

PIIYLLADE. D'Aubuisson's term for clay-slate, from vXXaç, a heap of leaves.
Paiay LiMESTONE. Sec HYPOGENE LIMESTONE, p. 589.
PnOTOGn. See TALCO8E.ONEISS, p. 668; when unstratified it is Talcose-granite.
QUARTZ Rocx, or QUARTZITE. A stratified rock; an aggregate of grains of quartz.Bee p. 689.
SEaI'ENTXNZ has already been described (p. 474), because it occurs in bothdivi-sionsof the hypogene series, as a stratified or unstratifid rock.
TALCOBE.CNEIBS. Same composition as talcose-granite or protogine, but stratifiedor foliated. Bee p. 688.
TALOOSE.SCIIIST Consists chiefly of talc, or of talc and quartz, or of talc and fol

spar, and has a texture something like that of clay-slate.
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Origin of the Afetanzorphic Strata.

Having said thus much of the mineral composition of the metamorplic

rocks, I may combine what remains to be said of their structure and his

tory with an account of the opinions entertained of their probable origin.
At the same time, it may be well to forewarn the reader that we are here

entering upon ground of controversy, and soon reach the limits where

positive induction ends, and beyond which we can only indulge in specu
lations. It was once a favorite doctrine, and is still maintained by many,
that these rocks owe their crystalline texture, their want of all signs of

a mechanical origin, or of fossil contents, to a peculiar and nascent con

dition of the planet at the period of their lbrmatioii. The arguments in

refutation of this hypothesis will be more fully considered when I show,

in the last chapter of this volume, to how many different ages the

metamorphic formations are referable, and how gneiss, mica-schist, clay
slate, and hypogene limestone (that of Cavrara, Ibr example) have been
formed, not only since the first introduction of organic beings into this

planet, but even long after many distinct races of plants and animals had

passed away in succession.
The doctrine respecting the crystalline strata, implied in the name

metamorphic, may properly be treated of in this place; and we must
first inquire whether these rocks are really entitled to be called stratified
in the strict sense of having been originally deposited as sediment from
water. The general adoption by geologists of the term stratified, as

applied to these rocks, sufficiently attests their division into beds very
analogous, at least in form, to ordinary fossiliferous strata. This reem
blance is by no means confined to the existence in both occasionally of
a laminated structure, but extends to every kind of arrangement which
is compatible with the absence of fossils, and of sand, pebbles, ripple
mark, and other characters which the metainoiphie theory supposes
to have been obliterated by plutonic action. Thus, for example, we
behold alike in the crystalline and fossiliferous formations an alternation
of beds varying greatly in composition, color, and thickness. We
observe, for instance, gneiss alternating with layers of black hornblende
schiist, or of green chlorite-scliist, or with granular quartz, or lime
stone; and the interchange of these different strata may be repeated
for an indefinite number of times. In the like manner, mica-schist
alternates with chlorite-schist, and with beds of pure quartz or of granu
lar limestone.
We have already seen that, near the imme(hin(o contact of granitic

veins and volcanic dikes, very extraordinary alterations in rocks have
taken place, more especially in the iieigl4orhood of granite. It will be
useful here to add other illustrations, showing that a texture undis
tinguishable from that which eharacteilzcs the more crystalline meta
morphic formations has actually been superinduceti in strata once fos
siliferous.
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In the southern extremity of Norway there is a large district, on the

west side of the fiord of Chuistiania, in which granite or sycnito pro

ti-tides in mountain masses through fossiliferous strata, and usually sends

veins into them at the point of contact. The stratified rocks, replete with

shells and zoophytes, consist chiefly of shale, limestone, and some sand-

stone, and all these are invariably altered near the granite for a dis

tance of from 0 to 400 yards. The aluminous shales are hardened and

have become flinty. Sometimes they resemble jasper. Ribboned jasper

is produced by the hardening of alternate layers of green and chocolate

colored sebist, each. stripe faithfully representing the original lines of strati

fication. Nearer the granite the sehist often contains crystals of horn

blende, which are even met with in some places for a distance of several

hundred yards from the junction; and this black hornblende is so abun

dant that eminent geologists, when passing through the country, have

confounded it with the ancient horuhicude-schist, subordinate to the great

gneiss formation of Norway. Frequently, between the granite and the

hornblende slate, above-mentioned, grains of mica and crystalline fe]spar

appear in the schist so that rocks resembling gneiss and mica-schist are

produced. Fossils can rarely be detected in these schists, and they are

more completely effaced in proportion to the more crystalline texture of
the beds, and their vicinity to the granite. In some places the siliceous
matter of the schist becomes a granular quartz; and when liornblende
and mica are added, the altered rock loses its stratification, and passes
into a kind of granite. The limestone, which at points remote from the

granite is of an earthy texture and blue color, and often abounds in
corals, becomes a white granular marble near the granite, sometimes
siliceous, the granular structure extending occasionally upwards of 400

yards from the junction; the corals being for the most part obliterated,

though sometimes preserved, even in the white marble. Both the

al-PI,-,.705.
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tered limestone and hardened slate contain garnets in many places,also ores of iron, lead, and copper, with some silver. These altera
tions occur equally, whether the granite invades the strata in a line
parallel to the general strike of the fossiliferous beds, or in a line at
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right angles to their strike, as will be seen by the accompanying ground

plan.*
The indurated and ribboned schists above mentioned bear a strong re

semblance to certain shales of the coal found at Russel's Hall, near Dud

Icy, where coal-mines have been on fire for ages. Beds of shale of con

siderable thickness, lying over the burning coal, have been baked and

hardened so as to acquire a flinty fracture, the layers being alternately
green and brick-colored.
The granite of Cornwall, in like manner, sends forth veins into a coarse

argi Ilaccous-schist, provincially termed kihas. " This killas is converted
into hornblende-schist near the contact with the veins. These appear
ances are well seen at the junction of the granite and killas, in St.
Michael's Mount, a small island nearly 300 feet high, situated in the bay,
at a distance of about three miles from Peuzance.
The granite of Dartmoor, in Devonshire, says Sir 1-I. de la Beelie,

has intruded itself into the slate and slat.y sandstone called greywackó,
twisting and contorting the strata, and sending veins into them. Hence
some of the slate rocks have become "micaceous; others more indu
rated, and with the characters of mica-slate and gneiss; while others

again appear converted into a hard-zoned rock strongly impregnated with

felspar."f
We learn from the investigations of M. Dufrénoy, that in the eastern

Pyrenees there are mountain masses of granite posterior in date to theu
formations called has and chalk of that district, and that these Ibssiliferous
rocks are greatly altered in texture, and often charged with iron-ore, in
the neighborhood of the granite. Thus in the environs of St. Martin, near
St. Paul do Fénouiflet, the chalky limestone becomes more crystalline
and saceharoid as it approaches the granite, and loses all trace of the
fossils which it previously contained in abundance. At some points, also.
it becomes doloniitic, and filled with small veins of carbonate of iron, and
spots of red iron-ore. At Rancié the has nearest the granite is not only
filled with iron-ore, but charged with pyrites, tremolito, garnet, and a
new mineral somewhat allied to feispar, called, from the place in the
Pyrenees where it occurs, It couzeranite."
Now the alterations above described as superinduced in rocks by vol

canic (likes and granite veins prove incontestably that powers exist in
nature capable of transfbrming fossiliferous into crystalline strata-powers
capable of generating in them a new mineral character, similar to, nay,
often absolutely identical with that of gneiss, mica-schist, and oilier strati
fied members of the hiypogene series. The precise nature of these altering
catLscs, which may provisionally be termed plutomc, is in a great degree
obscure and doubtful ; but their reality is no less clear, and we must
suppose the influence of heat to be in some way connected with (lie
trails-mutation,if, for reasons before explained, we concede the igneous origin('f granite.

* Keillinu, Own Norvegica, pp. 61-68. f Geol. Manual, p. 479.
38
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The experiments of Gregory Watt, in fusing rocks in the labora

tory, and allowing them to consolidate by slow cooling, -prove dis

tinctly that a rock need not be perfectly melted in order that a

re-arrangement of its component particles should take place, and a

partial crystallization ensue.* We may easily suppose, therefore,

that nil traces of shells and other organic remains may be destroyed;

and that new chemical combinations may arise, without the mass

being so fused as that the lines of stratification should be wholly ob

literated.
We must not, however, imagine that heat alone, such as may be applied

w a stone in the open air, can constitute all that is comprised in plutonic
action. We know that volcanos in eruption not only emit fluid lava,

but give oft' steam and other heated gases, which rush out in enormous

volume, for (lays, weeks, or years continuously, and are even disengaged
from lava during its consolidation. While the materials of granite, there
fore, came in contact with the fossiliferous stratum in the bowels of the

earth under great pressure, the contained gases might be unable to esQape;
yet when brought into contact with rocks, they might pass through their

pores with greater facility than water is known to do (p. 35). These
aeriform fluids, such as suiphuretted hydrogen, muriatic acid, and car
bonic acid, issue in many places from rents in rocks, which they have
discolored and corroded, softening some and hmardetiing others. If the
rocks are charged with water, they would pass through more readily ;
for, according to the experiments of Henry, water, under a. hydrostatic
pressure of 90 feet., will absorb three times as much carbonic acid gas as
it can under time ordinary pressure of the atmosphere. Although this in
creased power of absorption would be diminished in consequence of the
higher temperature found to exist as we descend in the earth, yet Pro
fessor Bischoff has shown that the heat by no means augments in such a
proportion as to counteract the effect of augmented pressure4 There are
oilier gases, as well as time carbonic acid, which water absorbs, and more
rapidly in proportion to the amount of pressure. Now even the most
compact rocks may be regarded, before they have been cxpoed to the
air and dried, in the light of sponges filled with water; and it is con
ceivable that heated gases brought into contact with them, at great depths,
may be absorbed readily, and transfused through their pores. Althoughthe gaseous matter first absorbed would soon be condensed, and partwith its heat, yet the continual arrival of fresh supplies from below might,in the course of ages, cause the temperature of the water, and with it that
of time containing rock, to be materially raised.
M. Fournet, in his description of the metalliferous gneiss near Clermont.,in Auvergne, states that all the minute fissures of the rock are quite saturated with free carbonic acid gas; which gas rises plentifully from the

soil there and in many parts of the surrounding country. The various
elements of the gneiss, with the exception of the quartz, are all softened;

Phil. Trans. 1804.
1. Poggondor'5 Annalen, No. xvi. 2d series, vol. Hi.
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and now combinations of the acid with lime, iron, and manganese are

continually in progress.*
Another illustration of the power of subterranean gases s afforded by

the stufas of St. Calogero, situated in the largest of the Lipari Islands.

Here, according to the description published by Hoffmaun, horizontal

strata of tuft; extending for 4 miles along the coast, and forming cliffs

more than 200 feet high, have been discolored in various places, and

strangely altrcd by the "all-penetrating vapors." Dark clays have be

come yellow', or often snow-white; or have assumed a chequered or

brecciated appearance, being crossed with ferruginous red stripes. In
some places the fumeroles have been fomd by analysis to consist partly
of sublimations of oxide of iron; but it also appears that veins of chalce

dony and opal, and others of fibrous gypsum, have resulted from these

volcanic exhalations.f
The reader may also refer to M. Vii-let's account of the corrosion of

hard, flinty, and jaspideous rocks near Corinth by the prolonged agency
of subterranean gases ; and to Dr. Paubeny's description of the decom

position of trachytie rocks in the Solfatara, near Naples, by suiphuretted
hydrogen and muriatic acid gases.

Although in all these instances we can only study the phenomena as
exhibited at the surface, it is clear that the gaseous fluids must have
made their way through the whole thickness of porous or fissured rocks,
which intervene between the subterranean reservoirs of gas and the exter
nal air. The extent, therefore, of the earth's crust which the vapors have

permeated and are now permeating may be thousands of fathoms in thick
ness, and their heating and modifying influence may be spread through
out the whole of this solid mass.
We learn from Professor Bischoff that the steam of a hot spring

at Aix-la-Chapelle, although its temperature is only from 133° to
167° F., has converted the surface of some blocks of black marble
into a doughy mass. He conceives, therefore, that steam in the bow
els of the earth, having a temperature equal or even greater than
the melting point of lava, and having an elasticity of which even Pa
pin's digester can give but a faint idea, may convert rocks into liquid
matter.

The above observations are calculated to meet sourn of the objections
which have been urged against the metamorphic theory on the ground
of the small power of rocks to conduct heat; for it is well known that
rocks, when dry and in the air, differ remarkably from metals in this
respect. It has been asked how the changes which extend merely for a
few feet from the contact of a dike could have penetrated through moun.

See Principles, Jmle.r, "Carbotinted Springs," &c.
"l 1kfr' Lipnriclicn Jusdo, p. 38. Leipzig, 1882.
See Prhic. of Geol.; and Bulletin do lit Soc. CU. de France, torn. ii

p. !3O.
Sue Priric. of Geol.; and Daiibcny's \Tolcnnos, p. 167.
Jarii. Ed. New Phil. Jourii. No. 51, p. '13.



OBIGIN OF METAMOBPBIO STRUCTURE. 



c. XXXV.] ORIGIN OF METAMORPHIC STRUCTURE. 507

in thickness, and has been made use of both as fuel, and in the flhtiflu

facture of lead-pencils. At the distance of 30 miles from the plumbago,
there occurs, on the borders of Rhode Island, an impure anthracite in

slates, containing impressions of coal-plants of the genera Fecopteth, lieu

ropteris, Ualanzitcs, &c. This anthracite is intermediate in character be

tween. that of Pennsylvania and the p1umbago of Worcester, in which

last the gaseous or volatile matter (hydrogen, oxygen, and nitrogen) is to

the carbon only in the proportion of 3 per cent. After traversing the

country in various directions, I came to the conclusion that the carbonif

erous shales or slates with anthracite and plants, which in Rhode Island

often pass into mica-schist, have at Worcester assumed a perfectly crys
talline and metamorphic texture; time anthracite having been nearly trans

muted into that state of pure carbon which is called plunibago or

graphite.*
It has been remarked by M. Delesso that the minerals developed in

hypogene limestone vary according to the degree of metamorphism which

the rock has undergone. Thus, for example, where the structure is but

slightly crystalline, talc, chlorite, serpentine, andalusite, and kyanite are

commonly present; where it is more highly crystallized, garnet, horn

blonde, Wollastonite, dipyre, Couzeranite, and some others appear; and,

lastly, where the crystallization is complete, there are found, in addition

to many of the above minerals, felspai especially those kinds which are

richest in alkali, together with mica. The same author observes that, as

calcareous deposits usually contain some aluminous clay, so we may nat

urally expect to meet with silicates of alumina in crystalline limestone;

such silicates, accordingly, are frequent, and occasionally even pure alumi

ima crystallized in the form of corundum.t
Mr. Dana has suggested that the phosphoric acid of phosphate of lime

and the fluor of fluor-spar, so often met with in crystalline limestones, may
have been derived from the remains of mohlusca and other animals; also
that graphite (which is pure carbon in a crystalline form, with or without
admixture of umina, lime, or iron) may have been derived from vegetable
remains imbedded in the original matrix.

The total absence of any trace of fossils has inclined many geologists
to attribute the origin of the crystalline strata to a period antecedent to
the existence of organic beings. Admitting, they say, the obliteration, in
some cases, of fossils by plutonic action, we might still expect that traces
of them would oftener occur in certain ancient systems of slate, in which.
as in Cumberland, some conglomerates occur. But in urging this argu
ment, it seems to have been forgotten that there are stratified formations
of enormous thickness, and of various ages, and some of them very mod
ern, all formed after the earth had become the abode of living creatures,
which are, nevertheless, in certain districts, entirely destitute of all ves

tiges of organic bodies. In some, the traces of fossils may have been
effaced by water and acids, at many successive periods; and it is clear,

Seo Lycli, Quart. Geol. Journ. vol. i. p. 1t9.
f Detesp, Builetiti Soc. G&1. Fraiie, 2t1 srio, tom. 0, p. 126.1851.
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that, the older the stratum, the greater is the chance of its being nou

fossiliferous, even if it has escaped all metamorphic action.

It has been also objected to the metamorphic theory, that the chemical

composition of the secondary strata diffirs essentially from that of the

crystalline schists, into which they are supposed to be convertible.* The

"
primary" scliists, it is said, usually contain a considerable proportion of

potash or of soda, which the secondary clays, shales, and slates do not,

these last being the result of the decomposition of fClSJ)atlIiC rocks, from

which the alkaline matter has been abstracted during the process of de

composition. But this reasoning proceeds on insufficient and apparently
mistaken data; for a large portion of what is usually called clay, mar],

shale, and slate does actually contain a certain, and often a considerable,

proportion of alkali ; so that it is difficult, in many countries, to obtain clay
or shale sufficiently free from alkaline ingredients to allow of their being
burnt into bricks or used for pottery.
Thus the argillaceous shales and slates of the Old lied sandstone, in

Forfarshire and other parts of Scotland, are so much charged with alkali,
derived from triturated feispar, that, instead of hardening when exposed
to fire, they sometimes melt into a glass. They contain no lime, but ap
pear to consist of extremely minute grains of the various ingredients of

granite, which are distinctly visible in the coarser-grained varieties, and
in almost all the interposed sandstone,,;. These laminated clays and shales

might certainly, if crystallized, resemble in composition many of the pri
mary strata.

There is also potash in fossil vegetable remains, and soda in the salts
by which strata are sometimes so largely imprenated, as in Patagonia.
But recent analysis may be said to have settle'd' the point at issue, by
demonstrating that the carboniferous strata in England,f the Upper and
Lower Silurian in East Canadn,t and the clay-slates (of Cambrian date?)
in Norway, all contain as much alkali as is generally present in meta
morphic rocks.

Another objection has been derived from the alternation of highly
crystalline strata with others having a less crystalline texture. The heat,
it is said, in its ascent from below, must have traversed the less altered
schists before it reached a higher and more crystalline bed. In answer
to this, it may be observed, that if a number of strata differing greatlyin composition from each other be subjected to equal quantities of heat,
there is every probability that some will be more fusible than others.

dSome,
for example, win contain soda, Potasb, linie, or some other iurri-e

ient capable of actincr as a flux ; while others
same elements, and s3

may be destitute of Othe
0 refractory as to -be very slightly affected by a (le

gree of heat capable of reducing others to semi-fusion. Nor should it ba

" Dr. Boaso, Primary Geology, p. 819.
f H. Taylor, Edin. Now. Phil. Jour. vol. 1. 1851, p. 140.Hunt, Phil. Mag. 4 8cr. vol. vii p. 237.

Kyersly, Norek, Mag. for Naturvidetip. vol viii. p. 1'12.
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forgotteh that, as a general rule, the less crystalline rocks do really occur

in the upper, and the more crystalline in the lower part of each meta

morphic series.
Moreover, metamorphism must often begin to exert its force long after

the strata have assumed a vertical position, and it may then act locally
or within limited areas, and will be as likely to affect the newer as the

older beds. As an illustration of such partial conversion into gneiss of

portions of a highly inclined set of beds, I may cite Sir R. Murchison's

memoir on the structure of the Alps. Slates provincially termed "flysch"

(see above, p. 230), overlying the nuininulite limestone of Eocene date,
and comprising some arenaceous and some calcareous layers, are seen to

alternate several times with bands of granitoid rock, answering in charac
ter to gneiss.* In this case heat, or vapor, or water at an intensely high
temperature, may have traversed the more permeable beds, and altered
them so far as to admit of an internal movement and re-arrangement of

the molecules, while the adjoining strata did not give passage to the same
heat, or if so, remained unchanged because they were composed of less
fusible materials. Whatever hypothesis we adopt, the phenomena estab
lish beyond a doubt the possibility of the development of the metamor

phic structure in a tertiary deposit in planes parallel to those of stratifi
cation.
Whether such parallelism be the rule or the exception in gneiss, mica

schist, and other formations of the same family, is a question 'which I
shall discuss at length in the next chapter.

* GeoL Quart. J)urn. voL v. p. 211 1848.
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CHAPTER LXXVI.

Origin of the metamorphic rocks, continiced-Definition ot joints-slaty cleavage

and foliation-Supposed causes of these structures-Mechanical theory of

cleavage-Condensation and elongation of slate rocks by lateral pressure

Supposed combination of crystalline and mechanical forces-Lamination of

some volcanic rocks due to motion-Whether the foliation of the crystalline
schists be usually parallel with the original planes of stratification-Examples

in Norway and Scotland-Foliation in homogeneous rocks may coincide with

planes of cleavage, and in uncleared rocks with those of stratification-Causes

of irregularity in the planes of foliation.

WE have already seen that crystalline forces of great intensity have

frequently acted upon sedimentary and fossiliferous strata long subse

quently to their consolidation, and we may next inquire whether the

component minerals of the altered rocks usually arrange themselves in

planes parallel to the original planes of stratification, or whether, after

crystallization, they more commonly take up a different position.
In order to estimate fairly the merits of this question, we must first

define what is meant by the terms cleavage and foliation. There are
four distinct forms of structure exhibited in rocks, namely, stratification,

joints, slaty cleavage, and foliation; and all these must have different
names, even though there be cases where it is impossible, after care

fully studying the appearances, to decide upon the class to which they
belong.

Professor Scdgwick, whose essay "On the Structure of large Mineral
Masses" first cleared the way towards a better understanding of this diffi
cult subject, observes, that joints are distinguishable from lines of slaty
cleavage in this, that the rock intervening between two joints, has no

tendency to cleave in a direction parallel to the planes of the joints;
whereas a rock is capable of indefinite subdivision in the direction of its
slaty cleavage. In some cases where the strata are curved, the planes of
cleavage are still perfectly parallel. This has been observed in the slate
rocks of part of Wales (see fig. '106), which consist of a hard greenish

Fig. 706.

slate. The true bedding is there indicated by a number of parallel
stripes, some of a lighter and some of a darker color than the general

Parallel planes of cleavage Intersecting curved strntii. (Scdgwlck.)
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mass. Such stripes are found to be parallel to the true planes of strati
fication, wherever these are manifested by ripple-mark, or by beds con

taining peculiar organic remains. Some of the contorted strata are of a

coarse mechanical structure, alternating with fine-grained crystalline
chioritic slates, in which case the same slaty cleavage extends through
the coarser and finer beds, though it is brought out in greater perfection
in proportion as the materials of the rock are flue and homogeneous. It
is only wicn these are very coarse that the cleavage planes entirely
vanish. These planes are usually inclined at a very considerable angle
to the planes of the strata. In the Welsh hills, for example, the average
angle is as much as from 300 to 40°. Sometimes the cleavage planes
dip towards the same point of the compass as those of stratification, but
more frequently to opposite points. It may be stated as a general rule,
that when beds of coarser materials alternate with those composed of
finer particles, the slaty cleavage is either entirely confined to the flue

grained rock, or is very imperfectly exhibited in that of coarser texture.
This rule holds, whether the cleavage is parallel to the planes of stratifi
cation or not.*
In regard to joints, they are natural fissures which often traverse rocks

in straight and well-determined lines. They afford to the quarryman,
as Sir R. Murchison observes, when speaking of the phenomena, as ex
hibited in Shropshire and the neighboring counties, the greatest aid in

the extraction of blocks of stone; and, if a sufficient number cross each

other, the whole mass of rock is split into symmetrical blocks. The

faces of the joints are for the most part smoother and more regular than

the surfaces of true strata. The joints are straight-cut chinks, often

slightly open, often passing, not only through layers of successive depo
sition, but also through balls of limestone or other matter which have

been formed by concretionary action, since the original accumulation of

the strata. Such joints, therefore, must often have resulted from one of

th last changes superinduced upon sedimentary deposits.
In the annexed diagram (fig. '70'7), the flat surfaces of rock A, n, c.

represent exposed faces of joints, to which the walls of other joints, .T

are parallel ; s s are the lines of stratification; n n are lines of slaty

cleavage, which intersect the rock at a considerable angle to the planes
of stratification.

In the Swiss and Savoy Alps, as Mr. Bakewell has remarked, enormous

masses of limestone are cut through so regularly by nearly vertical part

ings, and these joints are often so much more conspicuous than the seams

of stratification, that an inexperienced observer will almost inevitably
confound them, and suppose the strata to be perpendicular in places
where, in fact they are almost horiontal.t
Now such joints are supposed to be analogous to the partings which

* Geol. Trans. 2d series, vol. iii. . 461.

f Silurian System, p. 2'16.
Introduction to Geology, chap. iv.
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Fig. 107.

D .0

Stratification, Joints, and clenrago.
(From Murchison's Silurian System, p. 245.)

separate volcanic and plutonic rocks into cuboidal and prismatic masses.

On a small scale we see clay and starch, when dry, split into similar

shapes; this is often caused by simple contraction, whether the shrinking

be due to the evaporation of water, or to a change of temperature.
It is well known that many sandstones and other rocks expand by the

application of moderate degrees of heat., and then contract again on

cooling; and there can be no doubt that large portions of the earth's

crust have, in the course of past. ages, been subjected again and again to

very different degrees of beat and cold. These alternations of temper
ature have probably contributed largely to the production of joints in

rocks.
In some countries, as in Saxony, where masses of basalt rest on sand

stone, the aqueous rock has, for the distance of several feet from the point
of junction, assumed a columnar structure similar to that of the trap.
In like manner some heartlistones, after exposure to the heat of a furnace
without being melted, have become prismatic. Certain crystals also

acquire, by the application of heat., a now internal arrangement., so as to
break in a new direction, their external form remaining unaltered.

Professor Sedgwick-, speaking of the planes of slaty cleavage, where

they are decidedly distinct from those of sedimentary deposition, declared
in the essay before alluded to, his opinion that no retreat of parts, no
contraction in the dimensions of rocks in passing to a solid state, can
account for the phenomenon. He accordingly referred it to crystalline or
polar forces acting simultaneously, and somewhat uniformly, in given
directions, on large masses having a homogeneous composition.

Sir John Herschel, in allusion to slaty cleavage, has suggested,
" that

if rocks have been so heated as to allow a commencement of
crystalli-zation,-thatis to say, if they have been heated to a point at which
the particles can begin to move amongst themselves, or at least on their
own axes, some general law must then determine the position in which
these particles will rest on cooling. Probably, that position will have
some relation to the direction in which the heat escapes. Now, when
all, or a majority of particles of the same nature have a general tendency
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to one position, that must of course determine a cleavage-plane. Thus

we see the infinitesimal crystals of fresh precipitated sulphate of barytes,
and some other such bodies, arrange themselves alike in the fluid in which

they float; so as, when stirred, all to glance with one light, and give the

appearance of silky filaments. Some sorts of soap, in which insoluble

margarntes. exist, exhibit the same phenomenon when mixed with

water; and what occurs in our experiments on a minute scale may occur
in nature on a great one." t

Professor Phillips has remarked, that in some slaty rocks the form of

the outline of fossil shells and trilobites has been much changed by dis

tortion, which has taken place in a longitudinal, transverse, or oblique
direction. This change, he adds, seems to be the result of a "creeping
movement" of the particles of the rock along the planes of cleavage, its

direction being always uniform over the same tract of country, and its

amount in space being sometimes measurable, and being as much as a

quarter or even half an inch. Time hard shells are not athcted, but only
those which are tliin.t Mr. D. Sharpe, following up the same line of in

quiry, came to the conclusion, that the present. distorted loi-ills of the
shells in certain British slate rocks may be accounted for, by supposing
that the rocks in which they are imbedded have undergone compression
in a direction perpendicular to the planes of cleavage, and a correspond

ing expansion in the direction of the dip of the cleavage.
More recently (July, 1S53), Mr. Sorby has demonstrated time great

extent to which this mechanical theory is applicable to the slate rocks

of North Wales and Devonshire,II districts where the amount of change
in dimensions can be tested and measured by comparing the different

effects exerted by lateral pressure on alternating beds of finer and coarser

materials. Thus, for example, in the accompanying figure (fig. '108), it
will be seen that the sandy bed df, which has offered greater resistance,
has been sharply contorted, while the fine-grained strata, a, b, c, have
remained comparatively unbent. The points ci audf in the stratum ci /
must have been originally four times as far apart as they are now. They
have been forced so much nearer to each other, partly by bending, and

partly by becoming elongated in the direction of what may be called
the longer axes of their contortions; and lastly, to a certain small amount.,

by condensation. The chief result has obviously been due to the bend

ing; but, in proof of elongation, it will be observed that time thickness
of the bed df is now about four times greater in those parts lying in the
main direction of the flexures than in a 1)l1fl0 perpendicular to them

*
Margaric acid is an oleaginous acid, formed from different animal and vege

table fatty substances. A margarato is a compound of this acid with soda,
potash, or some other base, and is so named from its pearly lustre.

f Letter to the author, dated Cape of Good Hope, Feb. 20, 1836.
Report, Brit. Assoc., Cork, 1843, Sect. p. 60.

§ Quart. Geol. Journ. vol. iii. p. 87. 1847.
I On the Origin of Slaty Cleavage, by IL C. Sorby, Ediub. New Phil. Journ.

1853, vol. Iv. p. 137.
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and the same bed exhibits cleavage

planes in the direction of the great

et movement, although they are

much fewer than in the slaty strata

above and below.

Above the sandy bed. ci .1; the

stratum c is somewhat disturbed,

while the next bed b is much less

so, and a not at all ; yet all these

beds) c, b, and a, must have under

gone all equal amount of pressure
with ci, the points a and g having

approximated as much towards

each other as have ci and f The

same phenomena are also repeated
in the beds below ci, and might
have been shown, had the section

been extending downwards. Hence

it appears that the finer beds have

been squeezed into a fourth of the

space they previously OCCupie(l,

partly by condensation, or the closer

packing of their ultimate particles

(which has given rise to the great
. r ,,i
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partly by elongation in the line of (Drawn by U. C. Sorby.)
the dip of the cleavage, of which Vertical ctIon of lnlo rock in (ho chiTs

noar lifraconibe, North Devon.
the general direction is perpendicu- Sc one inch to one foot.mr to that of the pressure. "These

a, h, e, '. FIne-graiiei1 states. the strntlflca-and numerous other cases in North Lion being- hinwn partly by lighter ordark-ercuiorF ai,l partly by ihitTerent ilerec5 ofDevon are analogous," says Mr. flnc,c in (ho grAin.
Sorby, "to what would occur if a cl,j A coarser-rained Hght.colored sandy

Ahlto witL ie&s perfect cleavage.
strip of paler were included in a
mass of some soft plastic material Which. would readily change its di
mensions. If the whole were then compressed in the direction of the
length of the strip of paper, it would be bent and puckered up
into contortions, whilst the plastic material would readily change its
dimensions without undergoing such contortions; and the difference
in distance of the ends of the paper, as measured in a direct line or
along it,, would indicate the change in the dimensions of the plastic
material."
The student will readily conceive that, when the shape of a fossil or

of a crystal of some mineral, or of a spheroidal concretion, has been
altered by lateral pressure, the new forms which they assume respect
ively will vary according to whether they have yielded in one or more
directions. They may have been drawn out solely in the direction of the
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dip of the cleavage, or they may have yielded in a plane perpendicular
to that dip, or they may have undergone both these movements. By

microscopic examination of minute crystals, and by other observations

too minute to be detailed hero, Mr. Sorby comes to the conclusion that

the absolute condensation of the slate rocks amounts upon an average
to about one half their original volume. This must have resulted chiefly
from the forcing of the particles more closely together, so as to fill

up the spaces left between them, when they only touched each other.
The rest of the change has been due to elongation, which has produced
slaty cleavage.

Most of the scales of mica occurring in certain slates examined by
Mr. Sorby, lie in the plane of cleavage; whereas in a similar rock not

exhibiting cleavage, they lie with their longer axes in all directions.

May not their position in the slates have been determined by the
movement of elongation before alluded to ? To illustrate this theory,
some scales of oxide of iron were mixed with soft pipe-clay, in such a
manner that they inclined in all directions. The dimensions of the mass
were then changed artificially to a similar extent. to what has occurred
in slate rocks, and the pipe-clay was then dried and baked. When it
was afterwards rubbed to a flat surface perpendicular to the pressure and
in the line of elongation, or in a plane corresponding to that of the dip
of cleavage, the particles were found to have become arranged in the
same manner as in natural slates, and the mass admitted of easy fracture
into thin flat pieces in the plane alluded to, whereas it would not yield
in that perpendicular to the cleavage.*

This experiment may lend countenance to the opinion that the lamina
tion of basalt and trachyte, and even of some kinds of gneiss, and the

grain of certain granites, may all have been determined by a mechanical
cause, a movement having taken place after the development of crystals
in the pasty mass.

Mr. Scrope, in his description of the Pouza Islands, ascribed "the
zoned structure of the Hungarian pcilito (a semi-vitreous trachyte)
to its having subsided, in obedience to the impulse of its own gravity,
down a slightly inclined plane, while possessed of an iinporfct fluidity.
In the islands of Pouza and Palniarola, the direction of the zones is more

frequently vertical than horizontal, because the mass was impelled from
below upwards.f In like manner, fr. Darwin attributes the lamination
and fissile structure of volcanic rocks of the trachytic series, including
some obsidians in Ascension, Mexico, and elsewhere, to their having
moved, when liquid, in the direction of the laminae. The zones consist
sometimes of layers of air-cells drawn out and lengthened in the supposed
direction of the moving mass. He compares this division into parallel
zones, thus caused by the stretching of a pasty mass as it flowed slowly
onwards, to the zoned or ribboned structure of ice, which Professor

Sorby, as cited above, p. 010, note. j Geol. Trans. 2d ser. vol. ii. p. 227.
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James Forbes bas so ably explained, showing that it is due to tlio fissuring 
of a viscous body in motion9* 

Whatever bo the cause, the result, observes Darwin, is well worthy the 
nttcntiOn of geologists ; for in a volcanic rock of (lie trackytic series in 
Ascension layers are seen often of extreme tenuity, even as thin as hairs, 
and of different colois, nIternalIiis; win and q n i n ,  some of them com- 
posed of. crystals of quartz and diopsido (a kind of nugite), otiicre of 
blnclc angi~ic specks with granules of oxido of iron ; nud Instly, others 
of crystalline felspar. It is supposed in this cnso that tlio crystal- 
lizini; force acted more freely iii Hie direction of the planes of c k -  
ago, produced wltcu the pasty mass was stretched, wliether because 
con fiued va,polÂ¥ were eun1)1e(1 to spread fr,1ie111scIve9 through the minuto 
fissures, or bcciiuse tho ultimate molecules hnd freedom of motion 
along the planes of less tension, or for somo other rensons not yet under- 
stood. 
- After stuclyine, in 1835, tlio crystalline rocks of South America, Mr. 

Darwin proposed the term folidion for the lamina; or pintes into which 
gneiss, mica-schist, and other crystalline rocks lire divided. Clenvage, 
lie observes, mny ba applied to tlioso divisiotinl plnnes which render a 
rock fissile, although it may nplicar to tlio eye quite or nearly homo- 
geneous. Foliation may bo used for tlioso alternating layers or plates of 
different minernlogicnl nntiiro of which gneiss and other mctnmorphic 
ccllistsnro composed. Tho cleavngc planes of the clay-slatcin Terra del 
Fucgo nud Cliili preserve a unihrin ski ke for huudrecls of miles in regions 
whore these planes aro quite distinct from stratification. In the same 
country the planes of foliation of tho mica-schist and gneiss are parallel 
to tire c1e;wag-e of the clay-slate. Henco, wo nre tempted, nt first sight, 
to infer t11:it. some common cnuso or process5 and that causa not con- - 
nectcil willi sedimentary deposition, has impressed cleavqp on the one 
set of rocks and foliation on tho other. But such an inference can only 
bo legitimately drawn in those rare cnscs where wo nre able, by a con- 
tiimous section, to prove that not only the strike, but the dip of the slaty 
cleavage on lira ouo hand, and of tlio foliation on the other, precisely 
coincido ; tlio clcnvfigo at tbc same time not baing parallel to the strati- 
fimtion in the slate rock. In sonic examples cited by Mr.Darwin, in 
Terra del Fuego, tlie Cliono" Islands, and La PIntn, this uniformity of dip 
seems to liavo been traced in a innnncr na sntisffictory os the iinturo of 
such evidence will allow. But wo must ho on our guard against a 
sourto of deception which may mislcnd us in this chain of rcnsoning. 
we me informed that in South America, us in other countries, tho ~trilio 
of the cleaynge in clay-slnte conforms to tho axis of elevniion of Hie rocks 

themme districts. IIenco it must follow that the foliq of ~ D C ~ S ,  
mim-scliist, limestone, and oilier crystalline rocks, even if tlioy eirictly 
coincide with tho pinnca of originol stratification, will run in the 
direction ns tho siriho of the slaty denvnge; for ilio truo strata always 

Darwin, Volcnnio Manila, pp. 09,*?0. 
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dip at ight angles to the axis of elevation, and are parallel to it in their

strike. No argument., therefore, can be drawn in favor of a common

origin from uniformity of strike in the slaty and foliated rocks; for we

require, in addition, coincidence of dip; and such is the variability of the

dip both of the slates and folia as to render this kind of proof very diffi

cult to obtain.
That the foliation of the crystalline schists in Norway accords very

generally with the planes of original stratification is a conclusion long
since espoused by Keilhau. Numerous observations made by Mr.David

Forbes in the same country (the best probably in Eurpe for studying
such phenomena on a grand scale) confirm Keilhau's opinion ; for the dip

of the Silurian and fossiliferous strata where they pass into the metamor

phic agrees with the foliation of the contiguous gneiss, mica-schist and

crystalline limestone. So also in Scotland Mr. 1). FoLbes has pointed out

a striking case where the foliation is identical with the lines of stratifica

tion in rocks well seen near Crianloricli on the road to Tyndrum, about

8 miles from Inverarnon, in There is in that locality a blue

limestone foliated by the intercalation of small plates of white mica, so

that the rock is often scarcely distinguishable in aspect from gniss
or mica-schist. The stratification is shown by the large beds and.

colored bands of limestone all dipping, like the 1'oila, at an angle of 32

degrees N. E.f
In stratified formations of every age we see layers of siliceous sand

with or without mica, alternating with clay, with fragments of shells or

corals, or with seams of vegetable matter, and we should expect the mu

tual attraction of like particles to favor the crystallization of the quart;
or mica, or felspar, or carbonate of lime, along the planes of original de

position, rather than in planes placed at angles of 20 or 40 degrees to

those of stratification.

In Patagonia, a series of thin sedimentary layers of tuff were observed

by Mr. Darwin to have become 1)01p11yr1t10, first where least altered,

by a process- of aggregation, small patches of clay appearing to be

shortened into almond-shaped concretions, which in those places where

they were more changed had become crystals of felspai having their

longer axes parallel to each other. In other associated strata, grains
of quartz had in like manner aggregated into nodules of crystalline

quartz-1
May we not, then, presume that in rocks where no cleavage has

intervened, foliation and the planes of stratification will usually coincide,
as in all cases where cleavage happens (as in the writing-slates of the
Niesen on the Lake of Thun in Switzerland, containing fucoids) to agree
with the original planes of sedimentary deposition I Mr. Darwin con
ceives that "foliation may be the extreme result of the process of which

* Norske Mng. Naturvidsk. vol. i. p. '11.

f Memoir read before the Geol. Soc., London, Jan. 31, 1855.
South America, p. 1.10.
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cleavage is the first effect;" or, at any rate, that the crystalline force

may have been most energetic in the direction of cleavage. As bearing

on this view, he says, "I was particularly struck in the eastern parts of

Terra dcl Fuego with the fact that the fine lamina of clay-slate, where

they cut straight through the bands of stratification, and therefore indis

putably true cleavage-planes, differ slightly from one another in their

grayish and greenish tints of color, as also in their compactness,

and in some lamina having a more jaspery appearance than others.

This fact shows that the same cause which has produced the highly

fissile structure ha.s altered in a slight degree the mineralogical char

acter of the rock in the same planes."* As one step further towards

tracing a passage from planes of cleavage to those of foliation, Pro

fessor Sedgwick observes that in North Wales the surfaces of slates

arc sometimes coated over with chlorite, " the crystals of which

have not only defined the cleavage planes but struck through the

whole mass of the roclc."f So also, says Mr. Darwin, in some places
in South America crystals of epidote and of mica coat the planes of

cleavage.
Mr. D. Sharpe inferred from observations made by kiln in the High

lands of Scotland, in 1851, that the foliation of the gneiss and inica-schist
are upon the whole parallel to one another, but have no connection with

any original planes of stratification; and lie also conceives that the planes
both of cleavage and foliation in the Gratupians and in the region of
Mont Blanc in Switzerland (which last lie examined in 1854) are parts of

great curves or antichinal axes of considerable regularity. In like man
ner in South America the cleavage planes of the clay-slate had been sus

pected by Mr. Darwin, notwithstanding their varying and opposite dips,
to be parts of large curves or foldings; having their summits cut off and
worn down.

There seems to be no difficulty in imagining that in rocks of
homo-geneouscomposition the foliation may take place along planes previously
caused by the elongation of the materials along the dip of the cleavage;
for experienced geologists have been at a loss to decide in many coun
tries which of two sets of divisional planes were referable to cleavage,
and which to stratification; and after much doubt, have discovered
that they had at first mistaken the hiics of cleavage for those of deposi
tion, because the former were by far the most marked of the two. Now
if such slaty masses should become highly crystalline, and be converted
into gneiss, hornblende-schist, or any other member of the liypogenoclass, the cleavage planes would be more likely to remain visible than
those of stratifination. Professor ilenslow had noticed, so long ago as
the year 1821, that the lamination of the chloritic and other crystalline

* Geol. Observ. on South America, p. 155.
f Sedgwici, Geol. Trans. 2d 8cr. vol. iii. p. d'fl.

D. Sharpe, Phil. Trans. 1852, and Geol. Quart. Journ. No. 41, 1865.
§ Darwin, S. America, p. 165.
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schists in Anglesea was approximately in the planes of bedding; and

Professor Ramsay, in 1841, observed the same in regard to the gneiss

and mica-schist of An-an. The last-cited geologist says, in reference to

Anglesca, that the metamorphism probably took place when the Lower

Silurian volcanos were in activity, and therefore long before the cleavage
of the Welsh rocks; for the cleavage of the latter affects in common the

Lower Silurian and the Cambrian strata. In the same memoir ho adds,

when referring to Mr. Darwin's theory of foliation, " that if the rocks be

uncleavcd when metamorphism occurs, the foliation planes will be apt
to coincide with those of bedding; but if intense cleavage has preceded,
then we may expect that the planes of foliation will lie in the planes of

cleavage."
From what I have myself seen in the Grampians, both in Forfarsliire

and Perthshire, I have always concluded that MacCulloch was correct in

the opinion that gneiss and mica-schist may be considered as stratified

rocks, and that certain beds of pure quartz, one or two feet thick, which

run for miles in the strike of their foliation, as well s the intercala

tion of masses of limestone, and of cliloritic, aetluolitic, and horn

blendo schists, all indicate the planes of original stratification. At

the same time, I fully admit that the alternate layers of quartz,
or of mica and quartz, of feispar, or of mica and feispar, or of car

bonate of lime, are more distinct., in certain metamorphic rocks, than

the ingredients composing alternate layers in most sedimentary de

posits, so that similar particles must be supposed to have excited a

molecular attraction for each other, and to have congregated together
in layers more distinct in mineral composition than before they were

crystallized.
We have seen how much the original planes of stratification may be

interfered with or even obliterated by concretionary action in deposits
still retaining their fossils, as in the case of the magnesian limestone

(see p. 37). Hence we must expect to be frequently baffled when we

attempt to decide whether the foliation does or does not accord with that

arrangement which gravitation, combined with current-action, imparted
to a deposit from water. Moreover, when we look for stratification in

crystalline rocks, we must be on our guard not to expect too much reg

ularity. The occurrence of wedge-shaped masses, such as belong to

coarse sand and pebbles,-diagonal lamination (see p. 1O),-ripple-mark,
-unconformable stratification (p. 61)j--the fantastic folds produced by
lateral pressure,-faults of various width,-intrusive dikes of

trap,-or-ganicbodies of diversified shapes,-and other causes of unevenness in the

planes of deposition, both on the small and on the large scale, will inter

fere with parallelism. If complex and enigmatical appearances dil not

present themselves, it would be a serious objection to the metamorphic

theory.
In the accompanying diagram I have represented carefully the lami-

Geol. Quart. Jourri. 1853, vol. ix. p. 1'2.
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coarse argillaceous

I examined in 1830

in the Pyrenees.
In part it ap

proaches in character to a green

and blue roofing-slate, while part

is extremely quartzose, the whole

mass passing downwards into mi

iwtious schist. The vertical sec-

tion hero exhibited




Fig. 709.

is about 3 feet k1rnfnrrnn Anoc,nlnnF

in height, and the layers

sometimes so thin that fifty
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may

be counted in the thickness of an inch.




Some of them consist of pure

quartz.
There is a resemblance in. such cases to the diagonal lamination winch

we see in sedimentary rocks, even though the layers of quartz and of

mica, or of feispar and other minerals, may be more distinct in alternating
folia than they were originally.
M. Elie do Beaumont, while he regards the greater part of the gneiss

and mica-schist of the Alps as sedimentary strata altered by plutonic
action, still conceives that some of the Alpine gneiss may have been

erupted, or, in other words, may be granite drawn out into parallel lanin

in the manner of trachyte as above alluded to.*

If the mass were squeezed and elongated in a certain direction after

crystals of mica, talc, or other scaly minerals were developed, these may
perhaps have arranged themselves in planes parallel to those of move
ment and a similar process may account for what the quarrymen call
the grain" in some granites, or a tendency to split in one direction

more freely than in another. But, as a general rule, the fusion of the

crystalline schists does not appear to have gone so far as to allow of
motion analogous to that of lava or granite, and for this reason rocks of
this class do not send veins into surrounding rocks. In the next chapter
we may inquire at how many distinct periods the hypogene or metamot'
phic schists can be proved to have originated, and why for so long a time
the earlier geologists regarded them as entitled to the name of "primi
tive."




0 Bulletin Soc. Geol. de France, 2e Bór. vol. iv. p. 1301.
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CHAPTER XXXVII.

ON THE DIFFERENT AGES 01? ME METAMORPHIC ROCKS.

Ago of each set of metamorphic strata twofold-Test of ago by fossils and min
eral character not available-Test by superposition ambiguous-Conversion
of dense masses of fossiliferous strata into metamorphic rocks-Limestone and
shale of Carrara-Mctamorpbie strata of older date than the Cambrian rocks
Others of Lower Silurian origin-Others of the Jurassic and Eocene periods
in the Alps of Switzerland and Savoy-Why scarcely any of the visible
crys-tallinestrata are very modern-Order of succession in metamorphic rocks
Uniformity of mineral character-Why the metamorphic strata are less cal
careous than the fossiliferous.

ACCORDtNG to the theory adopted in the last chapter, the age of each
set of metamorphic strata is twofold-they have been deposited at one

period, they have become crystalline at another. We can rarely hope
to define with exactness the date of both these periods, the fossils having
been destroyed by plutonic action, and the mineral characters being the
same, whatever the age. Superposition itself is an ambiguous test, espe
cially when we desire to determine the period of crystallization. Suppose,
for example, we are convinced that certain metamorphic strata in. the

Alps, which are covered by cretaceous beds, are altered has; this lias

may have assumed its crystalline texture in the cretaceous or in. some

tertiary period, the Eocene for example. If in the latter, it should be
called Eocene when regarded as a metamorphic rock, although it be
hassle when considered in reference to the era of its deposition. Accord

ing to this view, the superposition of chalk does not prevent the subjacent
'netamorpluc rock from being Eocene.
When discussing the ages of the plutonic rocks, we have seen that

examples occur of various primary, secondary, and tertiary deposits
converted into metamorphic strata, near their contact with granite.
There can be no doubt, in these cases, that strata, once composed of mud,
sand, and gravel, or of clay, marl, and shelly limestone, have for the
distance of several yards, and in some instances several hundred ct,
been turned into gneiss, mica-schist, hornblcnde-sehist, clilorite-schist,

quartz rock, statuary marble, and the rest. (See the two preceding
Chapters.)
But when the metamorphic action has operated on a grander scale,

it tends entirely to destroy all monuments of the (late of its develop
melt. It may be easy to prove the identity of two difibreht parts of
the same stratum; one, where the rock has been in contact with a vol
caule or plutonic mass, and has been changed into marble or
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schist., and another not far distant, where the same bed remains unaltered

and fossiliferous; but when we have to compare two portions of a inoun

thin chain-the one metamorphic, and the other unaltered-all the labor

'md skill of the most practised observers are required, and may sometimes

be at fault. I shall mention one or two examples of alteration on a grand

scale, in order to explain to the student the kind of reasoning by which

we are led to infer that dense masses of fossititrous strata have been con

verted into crystalline rock.

Northern Appcn'incs
- Uarrara.-The celebrated marble of Carrara,

used in sculpture, was once regarded as a type of primitive limestone.

It abounds in the mountains of Massa Carrara, or the "Apuan Alps,"
as they have been called, the highest peaks of which are nearly 6000

feet high. Its great antiquivj was inferred from its mineral texture,

from the absence of fossils, and its passage downward into tale-schist

and garnetiferous mica-schist; these rocks again graduating downwards

into gneiss, which is penetrated, at Porno, by granite veins. Now the

researches of MM. Savi, Bout-, Pareto, Guidoni, Dc la Beche, Hoffmann,

and Pilla, have demonstrated that this marble, once supposed to be

formed before the existence of organic beings, is, in fact, an altered

limestone of the Oolitic period, and the underlying crystalline schists
are secondary sandstones and shaics, modified by plutonic action. In
order to establish these conclusions it was first pointed out, that the cal
careous rocks bordering the Gulf of Spezia, and abounding in Oolitic
fossils, assume a texture like that of Carrara marble, in proportion as

they are more and more invaded by certain trappean and plutonic rocks,
such as diorite, cuphotide, serpentine, and granite, occurring in the same
country.

It was then observed that, in places where the secondary formations
are unaltered, the uppermost consist of common Apennine limestone
with nodules of flint, below which are shaics, and at the base of all, ar
gillaceous and siliceous sandstones. In the limestone, fossils are frequent,
but very rare in the underlying shale and sandstone. Then a gradation
was traced laterally from those rocks into another and corresponding
series, which is completely metamorphic; for at the top of this we find
a white granular marble, wholly devoid of fossils, and almost without
stratification, in which there are no nodules of flint, but in its place
siliceous matter disseminated through the mass in the form of prisms of
quartz. Below this, and in place of the shales, are talc-schists, jasper,
and hornstono; and at the bottom, instead of the siliceous and argilla
ceous sandstones, are quartzite and gneiss.* Had these secondary strata
of the Apennines undergone universally as great an amount of transmu
tation, it would have been impossible to form a conjecture respecting
their true ago; and then, according to the method of classification
adopted by the earlier geologists, they would have ranked as primary
* See noticeB of Savi, lloffiiia, and others, referred to by Bou(, Bull. dc Ia

Soc. Geol. do Prance, torn. v. p. 817; and torn. HL p. xliv; also Pills, cited byMurchison, Quart. Geol. Journ. vol. v. p. 206.
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rocks. In that case the date of their origin would have been thrown back
to an area antecedent to the deposition of the Lower Silurian or Cam
brian strata, although in reality they were formed in the Oolltio period,
and altered at some subsequent and perhaps much later epoch.

Alps of Switzerland.-In the Alps, analogous conclusions have been
drawn respecting the alteration of strata on a still more extended scale.
In the eastern part of that chain, some of the primary fossiliferous strata,
as well as the older secondary formations, together with the oolitic and
cretaceous rocks, are distinctly recognizable. Tertiary deposits also

appear in a less elevated position on the flanks of the Eastern Alps; but
in the Central or Swiss Alps, the primary fossiliferous and older second

ary formations disappear, and the Cretaceous, Oolit.ic, Liassic, and at
some points even the Eocene strata, graduate insensibly into metamor

phic rocks, consisting of granular limestone, tale-schist, talcose-gneiss,
luicaccous schist., and other varieties. In regard to the age of this vast

assemblage of crystalline strata, we can merely affirm that some of the
upper portions are altered newer secondary, and some of them even
Eocene deposits; but we cannot avoid suspecting that the disappearance
both of the older secondary and primary fossiliferous rocks may be

owing to their having been all converted in the same region into crystal
line schist.

It is difficult to convey to those who have never visited the Alps a

just idea. of the various proof which concur to produce this conviction.
In the first place, there are certain regions where Oolitic, Cretaceous,
and Eocene strata have been turned into granular marble, gneiss, and
other metamorphic sehists, near their contact with granite. This fact
shows undeniably that plutonic causes continued to be in operation in the

Alps down to a late period, even after the deposition of some of th nurn
mulitie or middle Eocene formations. Having established this point,
we are the more willing to believe that many inferior fossiliferous rocks,

probably exposed for longer periods to a similar action, may have become

metamorphic to a still greater extent.
We also discover in parts of the Swiss Alps dense masses of second

ary and even tertiary strata, which have assumed that semi-crystalline
texture which Werner called transition, and which naturally led his fol
lowers, who attached great importance to mineral characters taken alone,
to class them as transition formations, or as groups older than the lowest

secondary rocks. (Sec p. 03.) Now, it is probable that these strata
have been affected, although in a less intense degree, by that same plu
tonic action which has entirely altered and rendered metamorphic so
many of the subjacent formations; for in the Alps, this action has by
no means been confined to the immediate vicinity of granite. Granite, in
deed, and other plutonic rocks, rarely make their appearance at the sur
face, notwithstanding the deep ravines which lay open to view the
internal structure of these mountains. That they exist below at no
great depth we cannot doubt., and we have already seen (p. 560) that at
SOnIC points, as in the Valorsinc, near Mont Blanc, granite and granitie
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veins are observable, piercing through talcoso gneiss, which passes insen-

sibly upwards into secondary strata.

It is certainly in the Alps of Switzerland and Savoy, more than in

any other district in Europe, that the geologist is prepared to meet with

the signs of an intense development of plutonic action; for here we find

the most stupendous monuments of mechanical violence, by which strata

thousands of feet thick have been bent, folded, and overturned. (See

p. 58.) It is hero that marine secondary formations of a comparatively

modern date, such as the Oolitic and Cretaceous, have been upheaved

to the height of 12,000, and some Eocene strata to elevations of 10,000

feet above the level of the sea; and even deposits of time Miocene era

have been raised 4000 or 5000 feet, so as to rival in height the loftiest

mountains in Great Britain.

If the reader will consult the works of ninny eminent geologists who

have explored the Alps, especially those of MM. Do Beaumont., Studer,

Necker, Bou, and Murchison, lie will learn that they all share, more

or less fully, in the opinions above expressed. It has, indeed, been

stated by MM. Studer and ilugi, that there are complete alternations

on a large scale of secondary strata, containing fossils, with gneiss and

other rocks, of a perfectly metamorphic structure. I have visited some

of the most remarkable localities referred to by these authors; but al

though agreeing with them that there are passages from the fossiliferous
to the metamorphic series far from the contact of granite or other plu
tonic rocks, I was unable to convince myself that the distinct alterna
tions of highly crystalline, with unaltered strata above alluded to, might
not admit of a different explanation. In one of the sections described

by M. Studer in the highest of the Berncse Alps, namely in tile Roth.
thai, a valley bordering the hue of perpetual snow on the northern side
of the Jungfrau, there occurs a mass of gneiss 1000 feet thick, and
15,000 feet long, which I examined, not only resting upon, but also

again covered by strata containing oolit.io fossils. These anomalous ap
pearanecs may partly be explained. by supposing great solid wedges of
intrusive gneiss to have been forced in laterally between strata to which
I found them. to be in many sections unconformable. The superposi
tion, also, of the gneiss to the oolite may, in some cases, be duo to a
reversal of the original position of the beds in a region whore the con
vulsions have been on so stupendous a scale.
On the Sattcl also, at time base of the Gesteflihoru, above Euzen, in

the valley of Urbach, near Meyringen, some of time intcrcalations of
guciss between fossiliferous strata may, I conceive, be ascribed to me-
chanical derangement. Almost any hypothesis of repeated changes of
position may be resorted to in a region of such extraordinary confusion.
The secondary strata may first have been vertical, and then certain por.

ftions
m4Y have become metaniorphic (the Plutonic influence ascendingrom below),

whulointerseuiiig strata remained unchanged. The whole
series of beds may then again have been thrown into a nearly horizontal



On. XXXVIL:l ORDER OF SUCCESSION. 615

Position, giving iso to the superposition of crystalline upon fossiliferous
formations.

It was remarked, in Chap. XXXIV., that as the liypogene rocks, both
stratified and untratificd, crystallize originally at a certain depth beneath
the surfitce, they must always, before they are upraised and exposed at
the. surface, be of considerable antiquity, relatively to a large portion of
the fossiliferous and volcanic rocks. They may be forming at :111 periods;
but before any of them can become visible, they must be raised above the
level of the sea, and some of the rocks which previously concealed them
must have been removed by denudation.

In Canada the fossiliferous beds of the Cambrian formatn repose Un-

conformably on gneiss, which was evidently crystalline befcrc the deposi
tion of the Cambrian (or Potsdam) sandstone. In Anglesea, as was
before remarked, the metamorphism of the scliists, according to the
observations of Professor Ramsay, took place during the Lower Silurian

period. Coupling these conclusions with the, fact that a hypogene tex
ture has been superinduce(l in the Alps on Middle Eocene deposits (see
P. 600), we cannot doubt that, hereafter, geologists will succeed in de

tecting crystalline schists of almost every age in the chronological series,

although the quantity of metamorphic mocks visible at the surfitce must,
for reason above explained, diminish, rapidly in proportion as the monu
ments of newer eras are investigated.

Order of succession in mc1anwp1zw rocks.-There is no universal and
invariable order of superposition in metamorphic rocks, although a par
ticular arrangement may prevail throughout countries of great extent,
for the same reason that it is traceable in those sedimentary formations
from which crystalline strata are derived. Thus, for example, we have
seen that in the Apennines, near Carrara, the descending series, where
it is metamorphic, consists of, 1st, saccharine marble; 2dly, talco.-
schist; and 3dly, of quartz-rock and gneiss; where unaltered, of, 1st,
fossiliferous limestone; 2dly, shale; and 3dly, sandstone.
But if we investigate different mountain chains, we find gneiss, mica.

schist, hornblcndc-schist., chlorite-schist, hypogene limestone, and other
rocks, succeeding each other, and alternating with each other, in every
possible. order. It is, indeed, more common to meet with some variety
of clay-slate. forming the uppermost membcr of a metamorphic series
than any other rock; but this fact by no means implies, as some have

imagined, that all clay-slates were formed at the close of an imaginary
period, when the deposition of the crystalline strata gave way to that
of ordinary sedimentary deposits. Such clay-slates, in fact, are variable
in composition, and sometimes alternate with fossilifrous strata, so that

they may be. said to belong almost equally to the sedimentary and ineta.

morphic order of rocks. It is probable that had they been subjected to
more intense plutonic action, they would have been transformed into

hornblende-schist, foliated ehloite-scliist, scaly talcose-selmist, mica-schist,
or other more perfectly crystalline rocks, such as are usually associated
with gneiss.
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Uzzior;nity of mineral character in H/JpOf/ene rock-s. - Iluinbokit

has emphatically remarked, that when we pass to another hemisphere,

we see new forms of animals and plants, and even new constellations in

the heavens; but in the rocks we still recognize our old acquaintances,

-the same granite, the same gneiss, the same micaceous schmist, quartz.

rock, and the rest. It is certainly true that there is a great and striking

general resemblance in the principal kinds of hypogene rocks, although

of very different ages and countries; but it has been shown that each

of these are, in fact, geological families of rocks, and not definite mineral

compounds. They are much more uniform in aspect than sedimentary

strata, because these last are often composed of fragments varying greatly
in form, size, and colour, and contain fossils of different shapes and min

eral composition, and acquire a variety of tints from the mixture of

various kinds of sediment. The materials of such strata, if melted and

made to crystallize, would be subject to chemical laws, simple and uni

form in their action, the same in every climate, and wholly undisturbed

by mechanical and organic causes.
Nevertheless, it would be a great error to assume that the hypogcnc

rocks, considered as aggregates of simple minerals, are really more homo

geneous in their composition than the several members of the sediment

ary series. In the first place, different assemblages of lmypogcnc rocks
occur in different countries; and, secondly, in any one district, time rocks
which pass under the same name are often extremely variable in their

component ingredients, or at least in the proportions in which each of
these are present. Thus, for example, gneiss and mica-schist, so abun
dant in the Grampians, are wanting in Cumberland, Wales, and Corn
wall; in parts of the Swiss and Italian Alps, the gneiss and granite are
talcose, and not micaccous, as in Scotland; hornblende prevails in the
granite of Scot]and-schorl in that of Cornwall-albite in the platonic
rocks of the Andes-common feispar in those of Europe. In one part
of Scotland, the mica-schist is full of garnets; in another it is wholly
devoid of them: while in South America, according to Mr. Darwin, it
is the gneiss, and not the mica-schist, which is most commonly gaructif
erous. And not only do the proportional quantities of fclspar, quartz,
mica, hornblende, and other minerals, vary in Imypogene rocks bearing
the same name; but what is still more important, the ingredients, as
we have seen, of the same simple mineral are not always constant.
(p. 463 and table, p. 104).

Tue rnciamoipleIc strata, wls,y less calcaPCQus (ii (Lfl i/ic jossiliferous.
It has been remarked, that the quantity of calcareous matter in meta
morphic strata, or, indeed, in the hypogenc formations generally, is far
less than in fossiliferous deposits. Thus the crystalline schists of the
Grampians in Scotland, consisting of gneiss, niica-schmist., hornblende
chist, And other rocks, many thousands of yards in thickness, contain
in exceedingly small proportion of interstrat.ified calcareous beds, al
though these have been the objects of careful search for economical
purposes. Yet limestone is not wanting in the Granipians, and it is
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associated sometimes with gneiss, sometimes with mica-schist, and in

other places with other members of the metamorphic series. But where

limestone occurs abundantly, as at Carrara, and in parts of the Alps, in

connection with hypogene rocks, it usually forms one of the superior
members of the crystalline group.
The scarcity, then, of carbonate of lime in the plutonie and meta

morphic rocks generally, seems to be the result of some general cause.
So long as the hypogene rocks were believed to have originated antece

(lently to the creation of organic beings, it was easy to impute the
absence of lime to the non-existence of those mollusea and zoophytes by
which shells and corals are secreted; but when we ascribe the crystalline
formations to plutonic action, it is natural to inquire whether this action
itself may not tend to expel carbonic acid and limo from the materials
which it reduces to fusion or semi-fusion. Although we cannot descend
into the subterranean regions where volcanic heat is developed, we can
observe in regions of spent volcanos, such as Auvergne and Tuscany,
hundreds of springs, both cold and thermal, flowing out from granite
and other rocks, and having their waters plentifully charged with carbo
nate of lime. The quantity of calcareous matter which these springs
transfer, in the course of ages, from the lower parts of the earth's crust
to the superior or newly formed parts of the same, must be considerable.*

If the quantity of siliceous and aluminous ingredients brought up by
such springs were great., instead of being utterly insignificant, it might
be contended that the mineral matter thus expelled implies simply the
decomposition of ordinary subterranean rocks; but the prodigious excess
of carbonate of lime over every other clement must, in the course of
time, cause the crust of the earth below to be almost entirely deprived of
its calcareous constituents, while we know that the same action imparts
to newer deposits, ever forming in seas and lakes, an excess of carbonate
of lime. Calcareous matter is poured into these lakes, and the ocean,
by a thousand springs and rivers; so that part of almost every new cal
carcous rock chemically precipitated, and of many reefs of shelly and
coralline stone, must be derived from mineral matter subtracted by plu
tonic agency, and driven up by gas and steam from fused and heated
rocks in the bowels of the earth.
Not only carbonate of lime, but also free carbonic acid gas is given

off plentifully from the soil and crevices of rocks in regions of active
and spent volcanos, as near Naples, and in Auvergne. By this process,
fossil shells or corals may often lose their carbonic acid, and the resi
dual lime may enter into the composition of augite, hornblende, garnet,
and other hypogene minerals. That the removal of the calcareous mat
ter of fossil shells is of frequent occurrence, is proved by time fact of such
organic remains being often replaced by silex or oilier minerals, and
sometimes by the space once occupied by the fossil being left empty, or
only marked by a fiiut impression. We ought not indeed to marvel at
(he general absence of organic remains f-0111 the crystalline strata, when

Sec Principles, Index, " Cnlcaruus Springs."
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we bear in mind how often fossils are obliterated, wholly or in part, even

in tertiary formations-how often vast masses of sandstone and shale

of different ages, and thousands of feet thick, are devoid of fossils--

how certain strata may first have been deprived of a portion of their

fossils when they became semi-crystalline or assumed the transition state

of Werner-and how the remaining portion may have been effaced

when they were rendered metamorphic. Rocks of the last-mentioned

class, moreover, must have sometimes been exposed again and again to

renewed platonic action.




CHAPTER XXXVIII.

MINERAL VEINS.

Werner's doctrine that mineral veins were fissures filled from above-Veins of

segregation-Ordinary metalliferous veins or lodes-Their frequent coincidence
with faults-Proofs that they originated in fissures in solid rock-Veins shifting
other veins-Polishing of their walls or "slickcn-sides"-Shells and pebbles in
lodes-Evidence of the successive enlargement and reopening of veins-Four
net's observations in Auvergne-Dimensions of voins-Why some alternately
swell out and contract-Filling of lodes by sublimation from below-Chemical
and electrical action-Relative age of the precious metals-Copper and lead
veins in Ireland older than Cornish tin-Lead vein in has, Glaniorgausbire
Gold in Russia, California, and Australia-Connection of hot springs and min
eral veins-Concluding remarks.

THE manner in which metallic substances are distributed through the
earth's crust, and more especially the phenomena of those nearly, verti
cal and tabular masses of ore called mineral veins, from which the larger
part of the precious metals used by man are obtained,-these are sub
jects of the highest practical importance to the miner, and of no less
theoretical interest to the geologist.
The views entertained respecting metalhiferous veins have been modi

fied, or rather, have undergone an almost complete revolution, since the
middle of the last century, when Werner, as director of the School of
Mines, at Freiburg in Saxony, first attempted to generalize the facts then
known. He taught. that mineral veins had originally been open fissures
which were gradually filled up with crystalline and metallic matter, and
that many of them, after being once filled, had. been again enlarged or
reopened. He also pointed out, that veins thus formed are not all refera
ble to one era, but are of various geological dates.
Such opinions, although slightly hinted at by earlier writers, had never

before been generally received, and their announcement by one of high
authority and great experience constituted an era in the science. Never
theless, I have shown, when tracing in another work, the history and
progress of geology, that Werner was far behind some of his predecessors in his theory of the volcanic rocks, and less enlightened than his
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contemporary, Dr. Hutton, in his speculations as to the origin ofgranite.*
According to him, the plutonic formations, as well as the crystalline
chists, were substances precipitated from a chaotic fluid in some prime
val or nascent condition of the planet; and the metals, therefore, being
closely connected with them, had partaken, according to him, of a like

mysterious origin. He also held that the trap rocks were aqueous de

posits, and that dikes of porphyry, grccnstone, and basalt, were fissures
filled with their several contents from above. Hence lie naturally infer
red that mineral veins had derived their component materials from an
incumbent ocean, rather than from a subterranean source; that these
materials had been first dissolved in the waters above, instead of having
risen up by sublimation from lakes and seas of igneous matter below.

In proportion as the hypothesis of a primeval fluid, or "chaotic men
struuni," was abandoned, in reference to the plutonie formations, and
when all geologists had come to be of one mind as to the true relation
of the volcanic and trappean rocks, reasonable hopes began to be enter
tained that the phenomena of mineral veins might be explained by known
causes, or by chemical, thermal, and electrical agency still at work in
the interior of the earth. The grounds of this conclusion will be better
understood when the geological facts brought to light by mining opera
tions have been described and explained.
O diren¬ kinds of mineral veins.- Every geologist is familiarly

acquainted with those veins of quartz which abound in hypogenc strata,

forming lenticular masses of limited extent. They are sometimes ob-
"served,,also, in sandstones and sliales. Veins of carbonate of lime are
equally common in fossiliferous rocks, especially in liniestones. Such
veins appear to have once been chinks or small cavities, caused, like
cracks in clay, by the shrinking of the mass, which has consolidated
from a fluid state, or has simply contracted its dimensions in passing
from a higher to a lower temperature. Siliceous, calcareous, and occa
sionally metallic matters, have sometimes found their way simultaneously
into such empty spaces, by infiltration from the surrounding rocks, or
by segregation, as it is often termed. Mixed with hot water and steam,
metallic ores may have permeated a pasty matrix until they reached
those receptacles formed by shrinkage, and thus gave rise to that irregu
lar assemblage of veins, called by the Germans a "stockwcrk," in allu
sion to the different floors on which the iiiiiiing operations are in such
cases carried on.
The more ordinary or regular veins are usually worked in vertical

shafts, and have evidently been fissures produced by mechanical violence.
They traverse all kinds of rocks, both hypogeuo and fossiliflrous, and
extend downwards to indefinite or unknown depths. We may assume
that they correspond with such rents as we see caused from time to time
by the shock of au earthquake. Metalliferous veins, referable to such
agency, are occasionally a few inches wide, but more commonly 3 or 4

* Principles, &c.. chap. iv.
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feet. They hold their course continuously in a certain prevailing clirce..

tion for miles or leagues, passing through rocks varying in mineral com-

position.
That nc1allfcrOUS veins were fissures. -As some intelligent miners,

after an attentive study of met.allifcrous veins, have been unable to re

concile many of their characteristics with the hypothesis of fissures, I
shall begin by stating theFig. 710.

'7 evidence in its favour. The

>

most striking fact perhaps
which can be adduced in its

support is, the coincidence

of a considerable proportion
of mineral veins with faults,
or those dislocations of rocks

which are indisputably due

to mechanical force, as above

explained (p. 61). There

Fig. 711. are even proofs in almost

every mining district of a
succession of faults, by
which the opposite walls of
rents, now the receptacles
of metallic substances, have

Min suffered displacement. Thus,
for example, suppose a a,

fig. 710, to be a. tin lode in
Cornwall, the term lode be

Pig. 7j0

be-

ing applied to veins contain

ing metallic ores. This

Tin
lode, running east and west,
is a yard wide, and is shift-

T,n

ed by a copper lode (b b),
of similar width.
The first fissure (a a) has

". been filled with various ma
- terials, partly of chemical

origin, such as quartz, fluor
I spar, peroxide of tin, sul-

VoL!caI 8ccUon of the mine of Iluol Focyor, Rcdrutl3, phuret of copper, arsenical
CornwalL

pyrites, bismuth, and sul.
phuret of nickel, and partly of mechanical origin, comprising clay and
angular fragments or detritus of the intersected rocks. The plates of
quartz and the ores are, in some places, parallel to the vertical sides or
walls of the vein, being divided from each other by alternating layersof clay, or other earthy matter. Occasionally the metallic ores are dis
sclumfltcd in detached masses among the vein-stones.
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It is clear that, after the gradual introduction of the tin and other
substances, the second rent (b b) was produced by another fracture ac

companied by a displacement of the rocks along the plane of b b. This
new opening was then filled with minerals, some of them resembling
those in a a, as fluor-spar (or fluate of lime) and quartz; others diffe
rent, the copper being plentiful and the tin wanting or very scarce.

must nest suppose the shock of a third earthquake to occur,

breaking asunder all the rocks along the line c c, fig. 711; the fissure in
this instance, being only 6 inches wide, and simply filled with clay, de
rived, probably, from the friction of the walls of the rent, or partly,
perhaps, washed in from above. This new movement has heaved the
rock in such a manner as to interrupt the continuity of the copper vein

(b b), and, at the same time, to shift or heave laterally in the same di
rection 3. Portion of the tin vein which had not previously been broken.

Again, in fig. 712 we see evidence of a fourth fissure (ci d), also filled
with clay, which has cut through the tin vein (a a), and has -lifted it

slightly upwards towards the south. The various changes here repre
sented are not ideal, but are exhibited in a section obtained in working
an old Cornish mine, long since abandoned, in the parish of Rcdruth,
called JIuci Peevcr, and described both by Mr. Williams and Mr.
Carne.* The principal movement here referred to, or that of c c, fig.
712, extends through a space of no less than 84 feet; but in this, as in
the case of the other three, it will be seen that the outline of the country
above, d, c, b, a, &c., or the geographical features of Cornwall, are not
afThcted by any of the dislocations, a powerful denuding force having
clearly been exerted subsequently to all the faults. (See above, p. 69.)
It is commonly said in Cornwall, that there are eight distinct systems of
veins which can in like manner be referred to as many successive move
ments or fractures; and the German miners of the Hartz Mountains speak
also of eight systems of veins, referable to as many periods.

Besides the proof of mechanical actions already explained, the opposite
walls of veins are often beautifully polished, as if glazed, and are not

tinfrequently striated or scored with parallel furrows and ridges, such as
would be produced by the continued rubbing together of surfaces of un

equal hardness. These smoothed surfaces resemble the rocky floor over
which i. glacier has passed (see fig. p. 127). They are common even in
cases where there has been no shift, and occur equally in non-metalliferous
fissures. They are called by miners "slicken-sides," from the German
sclillc/i1en, to plane, and setic, side. It is supposed that the lines of the
stiie indicate the direction in which the rocks were moved. During one
of the minor earthquakes in Chili, which happened about the year 11,140,
and was described to me by an eye-witness, the brick walls of a building
were rent vertically in several places, and made to vibrate for several
minutes during each shock, after which they remained uninjured, and
without any opening, although the line of each crack was still visible.

Geol. Trans. vol. iv. p. 189; Trans. Roy. Geol. Society, Cornwall, vol. ii. p. 90.
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When all movement; had ceased, there were seen on the floor of the

house, at the bottom of each rent, small heaps of fine brick-dust, evidently

produced by trituration.

In some of the veins in the mountain limestone of Derbyshire, contain

ing lead, the vein-stuff, which is nearly compact, is occasionally traversed

by what may be called a vertical crack passing down the middle of the

vein. The two faces in contact arc slieken-sides, well polished and fluted,

and sometimes covered by a thin coating of lead-ore. When one side of

the vein-stuff is removed, the other side cracks, especially if small holes

be made in it., and fragments fly off with loud explosions, and continue to

do so for some days. The miner, availing himself of this circumstance,

makes with his pick small holes about 0 inches apart, and 4 inches deep,

and on his return in a few hours finds every part ready broken to his

hand.* These phenomena and their causes (probably connected with

electrical action) seem scarcely to have attracted the notice which they
deserve.

That a great many veins communicated originally with the surface of

the country above, or with the bed of the sea, is proved by the occur

rence in them of well-rounded pebbles, agreeing with those in superficial
alluviums, as in Auvergne and Saxony. In Bohemia, such pebbles
have been met with at the depth of 180 fathoms. In Cornwall, Mr.
Came mentions true pebbles of quartz and slate in a tin lode of the
Relistran Nine, at the depth of 600 feet below the surface. They were
cemented by oxide of tin and bisuiphuret; of copper, and were traced
over a space more than 12 feet long and as many wide.t Marine fossil
shells, also, have been found at great depths, having probably been en

gulfed during submarine earthquakes. Thus, a gryphta is stated by
M. Vii-let to have been met with in a lead-mine near Smur, in France
nd a madrepore in a compact vein of cinnabar in Hungary.
When different sets or systems of veins occur in the same country,

those which are supposed to e of contemporaneous origin, and which
are filled with the same kind of metals, often maintain a general paral
lelism of direction. Thus, for example, both the tin and copper veins
in Cornwall run nearly east and west, while the lead-veins run north
and south; but there is no general law of direction common to different
mining districts. The parallelism of the veins is another reason for
regarding them as ordinary fissures, for we observe that contemporaneous
trap dikes, admitted by all to be masses of melted matter which have

ffilled,
rents, are often parallel. Assuming then, that veins are simply

ssures in which chemical and mechanical deposits have accumulated,
we may next consider the proofs of their having been filled graduallyand often during successive enlargements. I have already spoken of
parallel layers of clay, quartz, and ore. Werner himself observed, in a
vein near Gersdorfl; i no less than thirteen beds of different

*
Conyb. and Phil. Geol. p. 401; and Faroy'8 Derbysh. p. 248.

f Came, Trans. of Geol. Soc. Cornwall, vol. iii. p. 288.
Fouruet, Ludcs Bur les Dêpot Métallifères.
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minerals, arranged with the utmost regularity on each side of the cen
tral layer. This layer was formed of two beds of calcareous spar, which
bad evidently lined the opposite walls of a vertical cavity. The thirteen
beds followed each other in corresponding order, consisting of fiuor-spar,
heavy spar, galena, &c. In these cases, the central mass has been last
formed, and the two plates which coat the outer walls of the rent on
each side arc the oldest of all. If they consist of crystalline precipi
tates, they may be explained by supposing the fissure to have remained
unaltered in its dimensions, while a series of changes occurred in the
nature of the solutions which rose up from below; but such a mode of

deposition, in the case of many successive and parallel layers, appears to
be exceptional.

If a veinstone consist of crystalline matter, the points of the crystals
are always turned inwards, or towards the centre of the vein; in other
words, they point in that direction where there was most space for the

development of the crystals. Thus each new layer receives the im

pression of the crystals of the preceding layer, and imprints its crystals
on the one which follows, until at length the whole of the vein s filled:
the two layers which meet dovetail the points of their crystals the one
into the other. But in Cornwall, some lodes occur where the vertical

plates, or combs, as they are there called, exhibit crystals so dovetailed

as to prove that the same fissure has been often enlarged. Sir H. Dc

la Beche gives the following curious and. instructive example (fig. 713)

Fig. 713.
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Copper lodo, near fledruth, enlarged at six successive periods.

from a copper-mine in granite, near Rcdruth.* Each of the plates or

combs (a, b, c, d, c, J) are double, having the points of their crystals
turned inwards along the axis of the comb. The sides or walls (2, 3,
4, 5, and 6) are parted by a thin covering of ochrcous clay, so that each

comb is readily separable from another by a moderate blow of the ham

flier. The breadth of each represents the whole width of the fissureat

six successive periods, and the outer walls of the vein, where the first

narrow rent was formed, consisted of the granitic surfaces 1 and 7.
A somewhat analogous interpretation is applicable to numbers of other

cases, where clay, sand, or angular detritus, alternate with ores and

veinstones. Thus, we may imagine the sides of a fissure to be encrusted

Geol. Rep. vu Cornwall, p. 310.
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with iheeous matter, as Von Buch observed, in Lancerote, the walls of

a volcanic crater formed in 1731 to be traversed by an open rent in

which hot vapours had deposited hydrate of silica, the incrustation

nearly extending to the middle.* Such a vein may then be filled with

clay or sand, and afterwards reopened, the new rent dividing the argil

laceous deposit., and allowing a quantity of rubbish to fall down. Various

metals and spars may then be precipitated from aqueous solutions among

the interstices of this heterogeneous mass.

That such changes have repeatedly occurred, is demonstrated by oc

casional cross-veins, implying the oblique fracture of previously formed

chemical and mechanical deposits. Thus, for example, M. Fournet., in

his description of some mines in Auvergne worked under his superin

tendence, observes, that the granite of that country was first penetrated

by veins of granite, and then dislocated, so that open rents crossed both

the granite and the granitic veins. Into such openings, quartz, accom

panied by suiphurets of iron and arsenical pyrites, was introduced.

Another convulsion then burst open the rocks along the old line of frac

ture, and the first set of deposits were cracked and often shattered, so

that the new rent was filled, not only with angular fragments of the

adjoining rocks, but with pieces of the older veinstones. Polished and
striated surfaces on the sides or in the contents of the vein, also attest
the reality of these movements. A new period of repose then ensued,

during which various suiphurets were introduced, together with horn.
stone quartz, by which angular fragments of the older quartz before
mentioned were cemented into a brecela. This period was followed by
other dilatations of the same veins, and other sets of mineral deposits,
until, at last, pebbles of the basaltic lavas of Auvergne, derived from

superficial alluviums, probably of Miocene or older Pliocene date, were
swept into the veins. I have not space to enumerate all the changes
minutely detailed by M. Fournet, but they are valuable, both to the
miner and geologist, as showing how the supposed signs of violent catas.
trophes may be the monuments, not of one paroxysmal shock, but of
reiterated movements.

Such repeated enlargement and reopening of veins might have been
anticipated, if we adopt the theory of fissures, and reflect how few of
them have ever been sealed up entirely, and that a country with fissures
only partially filled must naturally offer much feebler resistance along
the old lines of fracture than any where else. It is quite. otherwise in
the ease of dikes, where each opening has been the receptacle of one
continuous and homogeneous mass of melted matter, the consolidation
of which has taken place under considerable pressure. Trappean dikes
can rarely fail to strengthen the rocks at the points where before they

dwere
weakest; and if the uplicaving force is again exerted in the same

irection, the crust of the earth will give way anywhere rather than at
the precise points where the first rents were produced.

*
Princip1w, ch. xxvii 8th ed. p. 422.
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A laige proportion of metalliferous veins have their opposite walls

nearly parallel, and sometimes over a wide extent of country. There
is a fine example of this in the celebrated vein of Andrcasburg in the
Hartz, which has been worked for a depth of 500 yards perpendicularly,
and 200 horizontally, retaining almost every where a width of 3 feet.
But many lodes in Cornwall and elsewhere are extremely variable in
size, being one or two inches in one part, and then 8 or 10 feet in an
other, at the distance of a few fathoms, and then again narrowing as
before. Such alternate swelling and contraction is so often characteristic
as to require explanation. The walls of fissures in general, observes Sir
H. Do Ia Beche, are rarely perfect planes throughout their entire course,
nor could we well expect them to be so, since they commonly pass
through rocks of unequal hardness and different mineral composition.
[f, therefore, the opposite sides of such irregular fissures slide upon each
other, that is to say, if there be a fault, as in the case of so many mineral
veins, the parallelism of the opposite walls is at once entirely destroyed,
as will be readily seen by studying the annexed diagrams.

Fig. 714.

a




Fig. 715.

Fig. '16.

.1 6

Let a b, fig. '114, be a line of fracture traversing a rock, and let a

fig. 715, represent the same line. Now, if we cut a piece of paper re

presenting this line, and then move the lower portion of this cut paper

sideways from a to a', taking care that the two pieces of paper still touch

each other at the points 1, 2, 3, 4, 5, we obtain an irregular aperture at

c, and insolated cavities at d d (i and when we compare such figures
with nature we find that, with certain modifications, they represent the

interior of faults and mineral veins. If, instead of sliding the cut paper
to the right hand, ' move the lower part towards the left., about the

same distance that it was previously slid to the right, we obtain consid

erable variation in the cavities so produced, two long irregular open spa

ces,ff, fig. '1io, being then formed. This will serve to show to what slight
circumstances considerable variations in the character of the openings
between unevenly fractured surfaces may be due, such surfaces being
moved upon each other, so as to have numerous points of contact.

Most lodes are perpendicular to the horizon, or nearly so; but some

of them have a considerable inclination or "bade," as it is termed, the

,anflicC3 s of dip varying from 15° to 45°. The courso of a vein is frequent-
ly




very straight; but if tortuous, it is found to be choked with clay,
40
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stohes, and pebbles, at points where it departs most widely 717.

from verticality. Hence at places, such as a, fig. '717, the

miner complains that the ores are "
nipped," or greatly (,

reduced in quantity, the space for their free deposktion

having been interfered with in consequence of the prc

occupancy of the lode by earthy materials. When lodes

are ninny fathoms wide, they are usually filled for the most

part with earthy matter, and fragments of rock, through

which the ores are much disseminated. The metallic sub

stances frequently coat or encircle detached pieces of rock,

which our miners call "horses" or " riders." That we should find some

mineral veins which split into branches is also natural, for we observe the

same in regard to open fissures.

C7crical deposits in vcin&-If we now turn from the mechanical to the

chemical agencies which have been instrumental in the production of

mineral veins, it may be remarked that those parts of fissures which were

not choked up with the ruins of fractured rocks must always have been

filled with water; and almost every vein has probably been the channel

by which hot springs, so common in countries of volcanos and earth

quakes, have made their way to the surface. For we know that the

rents in which ores abound extend downwards to vast depths, where the

temperature of the interior of the earth is more elevated. We also
know that mineral veins are most metalliferous near the contact of pin
tonic and stratified formations, especially where the former sends veins
into the latter, a circumstance which indicates an original proximity of
veins at their inferior extremity to igneous and heated rocks. It is more
over acknowledged that even those mineral and thermal springs, which,
in the present state of the globe, are far from volcanos, are nevertheless
observed to burst out along great lines of upheaval and dislocation of
rocks.* It is also ascertained that all the substances with which hot

springs are impregnated agree with those discharged in a gaseous form
volcanos. Many of these bodies occur as veinstones; such as silex,
carbonate of lime, sulphur, fluor-spar, suiphato of barytes, magnesia,
oxide of iron, and others. I may add that., if veins have been filled
with gaseous emanations from masses of melted matter, slowly cooling in
the subterranean regions, the contraction of such masses as they pass
from a plastic to a solid state would, according to the experiments of
Devifle on granite (a rock which may be taken a.standard), produce
a reduction in volume amounting to 10 per cent. The slow crystalliza
tion, therefore, of such plutonie rocks supplies us with a force not only
capable of rending open the incumbent, rocks by causing a failure of
support, but also of giving rise to faults whenever one portion of the
earth's crust subsides slowly while another contiguous to it happens to
rest on a different foundation, so as to remain unmoved.

Although we are led to infer, from the foregoing reasoning, that there

See Dr. DaubeIIy8 Volcanos.
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has often been an intimate connection between metalliferous veins and

hot springs holding mineral matter in solution, yet we must not on

that account expect that the contents of hot springs and mineral veins

would be identical. On the contrary, M. E. do. Beaumont has judi

ciously observed that we ought to find in veins those substancps, which,

being least soluble, are not discharged by hot springs,-or that class of

simple and compound bodies which the thermal waters ascending from

below, would first precipitate on the walls of a fissure, as soon as their

temperature began slightly to diminish. The higher they mount

towards the surface, the more will they cool, till they acquire the ave

rage temperature of springs, being in that ease chiefly charged with the

most soluble substances, such as the alkalis, soda, and potash. These

are not met with in veins, although they enter so largely into the compo
sition of granitic rocks.*

To a certain extent, therefore, the arrangement and distribution of

metallic matter in veins may be referred to ordinary chemical action,

or to those variations in temporature, which waters holding the ores in

solution must undergo, as they rise upwards from great depths in the

earth. But there are other phenomena which do not admit of the same

simple explanation. Thus, for example, in Derbyshire, veins containing
ores of lead, zinc, and copper, but chiefly lead, traverse alternate beds
of limestone and grecustonc. The ore is plentiful where the walls of
the rent consist of limestone, but is reduced to a were string when they
are formed of greenstone, or "toad-stone," as it is called provincially.
Not that the original fissure is narrower where the greenstone occurs,
but because more of the space is there filled with veinstones, and the
waters at such points have not parted so freely with their metallic
contents.
"Lodes in Cornwall," says Mr. Robert W. Fox, "are very much

influenced in their metallic riches by the nature of the rock which they
traverse, and they often change in this respect very suddenly, in passing
from one rock to another. Thus many lodes which yield abundance
of ore in granite, are unproductive in clay-slate, or kihlas, and vice versa.
The same observation applies to killas and the granitic porphyry called
elvan. Sometimes, in the same continuous vein, the granite will contain

copper, and the kihlas tin, or vice versa."f Mr. Fox, after ascertaining
the existence at present of electric currents in some of the inetalhiferous
veins in Cornwall, has speculate(l on the probability of (ho same cause

having acted originally on the suiphurets and muriates of copper, tin,
iron, and zinc, dissolved in the hot water of fissures, so as to deter
mine the peculiar mode of their distribution. After instituting oxpcu
ments on this subject, lie even endeavored to account for the preva
lence of an cast and west. direction in the principal Cornish lodes by
their position at rigiit angles to the card i's magnetism ; but Mr. Hen
wood and other experienced miners have pointed out. objections to

* Bulletin, iv. p. 178. f R. W. Fox on Mineral Veins, p. 10.
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the theory; and it must be owned that the direction of veins in different

mining districts varies so entirely that it seems to depend on lines of

fracture, rather than on the laws of voltaic electricity. Nevertheless, as

different kinds of rock woild be often in different electrical conditions,

we may readily believe that electricity must often govern the arrange

ment of metallic precipitates in a rent.

"I have observed," says Mr. it. Fox, "flint when chloride of tin in

solution is placed in the voltaic circuit, part of the tin is dcpoitcd in a

metallic state at the negative pole, and part at the positive one, in the

state of a peroxide, such as it occurs in our Cornish mines. This experi

ment may serve to explain why tin is found contiguous to, and inter

mixed with, copper ore, and likewise separated from it, in other parts
of the same lode."

Relative age of the d?ffirc,ze nzciuls. -After duly itflceting on the

facts above described, we cannot doubt that mineral veins, like eruptions
of granite or trap, are referable to many distinct periods of the earth's

history, although it may be more difficult to determine the precise age
of veins; because they have often remained open for ages, and because,

as we have seen, the same fissure, after having been once filled, has

frequently been re-opened or enlarged. But besides this diversity of

age, it has been supposed by some geologists that certain metals have
been produced exclusively in earlier, others in more modern times,
that tin, for example, is of higher antiquity than copper, copper than
lead or silver, and all of them more ancient than gold. I shall first

point out that the facts once relied upon in support of some of these
views are contradicted by later experience, and then considei how far
any chronological order of arrangement can be recognised in the position
of the precious and other metals in the earth's crust. In the first place,
it is not true that veins in which tin abounds are the oldest lodes worked
in Grent Britain. The government survey of Ireland has demonstrated)
that in Wexford veins of copper and lead (the latter as usual being
argentiferous) are much older than the tin of Cornwall. In each of the
two countries a very similar series of geological changes has occurred at
two distinct epochs, - in Wexford, before the Devoniam strata were
deposited; in Cornwall, after the carboniferous epoch. To begin with
the irish mining district: We have granite in Wexford, traversed by
granite veins, which veins also intrude themselves into the Silurian
strata, the same Silurian rocks as well as the veins having been denuded
bcforo the Devonjam beds were superimposed. Next we find, in the
same county, that civans, or straight dikes of porphyritic granite, have
cut through the granite and the veins before mentioned, but have not
penetrated the Devonian rocks. Subsequently to these olvans, veins
of copper and lead were produced, being of a date certainly posteriorto the Silurian, and anterior to the Devonian; for they do not enter
the latter, and, what is still more deoisivo, streaks or layers of

' It. \V. on Miucrtil V01u8, p. 38.
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derivative copper have been found near Wexford in the Devonian

not far from points where mines of copper are worked in the Silurian

strata.*

Although the precise age of such copper lodes cannot be defined, we

may safely affirm that they were either filled at the close of the Silurian

or commencement of the Devonian period. Besides copper, lead, and

silver, there is some gold in these ancien or primary metalh.ferous veins.

A few fragments also of tin found in Wicklow in the drift are supposed

to have been derived from veins of the same age.
Next, if we turn to Cornwall, we find there also the monuments of a

very analogous sequence of events. First the granite was formed; then,

about the same period, veins of finc-grained granite, often tortuous (see

fig. 692., p. 69.), penetrating both the outer crust of granite and the

adjoining fossiliferous or primary rocks, including the coal-measures;

thirdly, elvans, holding their course straight through granite) granitic
veins, and fossiliferous slates; fourthly, veins of tin also containing

copper, the first of those eight systems of fissures of different ages already
alluded to, p. 621. Here, then, the tin lodes are newer than the elvans.

It has indeed been stated by some Cornish miners that the elvans are

in some few instances posterior to the oldest tin-bearing lodes, but the

observations of Sir H. dc la. Beebe during the survey led him to an

opposite conclusion, and lie has shown how the cases referred to in

corroboration can be otherwise intcrprctcd.X We may, therefore, assert

that the most ancient Cornish lodes are younger than the coal-measures

of that part of England, and it follows that they are of a much later
date than the Irish copper and lead of Wexford and some adjoining
counties. How much later it is not so easy to declare, although pro

bably they are not newer than the beginning of the Permian period, as

no tin lodes have been discovered in any red sandstone of the Poikilitie

group, which overlies the coal in the south-west of Eng'and.
There are lead veins in the Mendip hills which extend through the

mountain limestone into the Permian or Dolomitic conglomerate, and

others in Glamorganshire which enter the has. Those worked near

Frome, in Somersetshirc, have been traced into the Inferior Oolite. In

Bohemia, the rich veins of silver of Joachimsthal cut through basalt con

taining ohivinc, 'which overlies tertiary lignite, in which are leaves of

dicotyledonous trees. This silver, therefore, is decidedly a tertiary for
mation. In regard to the age of the gold of the Ural Mountains, in
Russia, which, like that of California, is obtained chiefly from auriferous

alluvium, it occurs in veins of quartz in the schistose and granitic rocks
of that chain, and is supposed by MM. Murchisou, Do Verneuil, and Key
serling to be newer than the syduitic granite of the TJral-perhaps of ter

tiary date. They observe, that. no gold has yet been found in the Per.

I am indebted to Sir II. de la. Bcchc for this information. See also maps
and sections of Irish Survey.

f Sir II. (Ic lit Beche, MS. notes on Irish Survey.
± Report on Geology of Cornwall, p. 310.
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mian conglomerates which lie at the base of the Ural Mountains, although

large quantities of iron and copper detritus are mixed with the pebbles of

those Permian strata. Hence it seems that the Uralian quartz veins, con

taining gold and platinum, were not formed or certainly not exposed to

aqueous denudation during the Permian era.

In the auriferous alluvium of Russia, California, and Australia, the

bones of extinct land-quadrupeds have been met with, those of the mam

moth being common in the gravel at the foot of the Ural Mountains,

while in Australia they consist of huge marsupials, some of them of the

size of the rhinoceros and allied to the living wombat.. They belong to

the genera Diprotodon and Nototherium of Professor Owen. The gold
of Northern Chili is associated in the mines of Los 1-Ioriios with copper
pyrites, in veins traversing the erctaceo-oolitic formations, so called be

cause its fossils have the character partly of the cretaceous and partly of
the oohitic fauna of Europe.* The gold found in the United States, in
the mountainous parts of Virginia, North and South Carolina, and Georgia,
occurs in metamorphic Silurian strata, as well as in auriferous gravel de
rived. from the same.

Gold has now been detected in almost every kind of rock, in slate,

quartzite, sandstone, limestone, granite, and serpentine, both in veins and
in the rocks themselves at. short distances from the veins. In Australia
it has been worked successfully not only in alluvium, but in veinstones in
the native rock, generally consisting of Silurian shales and slates. It has
been traced on that continent, over more than nine degrees of latitude
(between the parallels of the 300 and 390 S.), and over twelve of longi-
tude, and yields already an annual supply equal, if not superior, to that
of California; nor is there any apparent prospect of this supply diminish
ing, still less of the exhaustion of the gold fields. It seems reasonable,
therefore, to share the anticipations of M. Delesse that the time will come,
and cannot be very remote, when a marked depreciation will be experienced in the value of this metal4

It has been remarked by M. do Beaumont., that lead and some other
metals are found in dikes of basalt and greenstone, as well as in mineral
veins connected with trap rocks, whereas tin is met with in granite and
in veins associated with the granitic series. If this rule hold true
generally, the geological position of tin in localities accessible to the
miners, will belong, for the most part, to rocks older than those bearinglead. The tin veins will be of higher relative antiquity for the same
reason that the "underlying" igneous formations or granites whichare visible to man are older, on the whole, than the overlying or trappean formations.

If different sets of fissures, originating simultaneously at differentlevels in the earth's crust, and communicating, some of them, withvolcanic, others with heated plutonic masses, be filled with different

* Darwin's S. America, p. 209, &c.
t Annales des Mine, 1853, torn. iii. p. 18.
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metals, it will follow that those formed farthest from the surface will

usually require the longest time before they can be exposed superficially.
In order to bring them into view, or within reach of the miner, a greater
amount of upheaval and denudation must take place in proportion as

they have lain deeper when first mowed. A considerable series of geo

logical revolutions must intervene before any part of the fissure, which

has been for ages in the proximity of the plutonic rocks, so as to receive
the gases discharged from it when it was cooling, can emerge into the

atmosphere. But I need not enlarge on this subject, as the reader will
remember what was said in the 30th, 34th, and 37th chapters, on the

chronology of the volcanic and hypogene formations.

Concluding Remarks. -The theory of the origin of the bypogeno
rocks, at a variety of successive periods, as expounded in two of the

chapters just cited, and still more the doctrine that such rocks may be
now in the daily course of formation, has made and still makes its way,
but slowly, into favor. The disinclination to embrace it has arisen

partly from an inherent obscurity in the very nature of the evidence of

plutonic action when developed on a great scale, at particular periods
It has also sprung, in some degree, from extrinsic considerations; many
geologists having been unwilling to believe the doctrine of the transmu
tation of fossiliferous into crystalline, rocks, because they were desirous
of finding proofs of a beginning, and of tracing back the history of our

terraqueous system to times anterior to the creation of organic beings.
But if these expectations have been disappointed, if we have found it

impossible to assign a limit to that time throughout which it has pleased
an Omnipotent and Eternal Being to manifest his creative power, we
have at least succeeded beyond all hope in carrying back our researches
to times antecedent to the existence of man. We can prove that nian
had a beginning, and that, all the species now contemporary with man,
and many others which preceded, had also a beginning, and that, conse

quently, the present state of the organic world has not gone on from all

eternity, as some philosophers have maintained.
It can be shown that the earth's surface has been remodelled again

and again; mountain chains have been raised or sunk; valleys formed,
filled up, and then re-excavated; sea and land have changed places;
yet throughout all these revolutions, and the consequent alterations of
local and general climate, animal and vegetable life has been sustained.
This has been accomplished without violation of the laws now governing
the organic creation, by which limits are assigned to the variability of

species. The succession of living beings appears to have been continued
not by the transmutation of species, but by the introduction into the
earth from time to time of new plants and animals, and each assemblage
of new species must have been admirably fitted for the new states of
the globe as they arose, or they would not have increased and multiplied
and endured for indefinite 1ciiods.'
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Astronomy has been unable to establish the plurality of habitable

worlds throughout space, however favourite a subject of conjecture and

speculation; but geology, although it cannot prove that other planet
are peopled with appropriate races of living beings, has demonstrated

the truth of conclusions scarcely less wonderful,- the existence on our

own planet of so many habitable surfaces, or worlds as they have been

called, each distinct in time, and peopled with its peculiar races of

aquatic and terrestrial beings.
The proofs now accumulated of the close analogy between extinct

and recent species are such as to leave no doubt on the mind, that the
same harmony of parts and beauty of contrivance which we admire in
the living creation, has equally characterized the organic world at remote

periods. Thus as we increase our knowledge of the inexhaustible variety
displayed in living nature, and admire the infinite wisdom and power
which it displays, our admiration is multiplied by the reflection, that it
is only the last of a great series of pre-existing creations, of which we
cannot estimate the number or limit in times past4

* See Principles of Geol., Book 8.
t See the author's Anniv. Address to the Geol. Soc. 1837. Proceedioga G. S.

vol. ii. p. 520.
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SUPPLEMENT.

BRITISH PLIOCENE STRATA.

British Pliocene Strata-Proofs from fossil shells of a gradual refrigeration of
climate in England, at the successive periods of the Coralline, the Red, and
the Norwich Crag-Searles Wood's Monograph on the Crag Mollusca. The
Crag Mastodon, a Pliocene species-Different assemblages of fossil Mamnrnlia
in the freshwater and drift deposits of the Valley of the Thames-Fossil
Musk-buffalo in the drift near London and near Berlin.

SINCE the appearance of the fifth edition of this work, Mr. Searics
Wood has brought to a conclusion his important Monograph on the

Crag and Upper Tertiary shells of Britain.* The results of his con
scientious examination of so many hundred species of testacea, in so,
far as they bear on Geology, will be found to agree with the classifica
tion adopted in the text (pp. 152-165, &'c.), especially as relates to
the position of the several divisions of the Crag in the great European
series of formations. But we may also deduce from the same Mono

graph clear evidence of a gradual refrigeration of climate, which went
on in the area of England from the time of the older to that of the most
modern Pliocene strata, a refrigeration which was inferred from the

Crag shells in 1846, by the late Edward Forbes.f No analysis of this
excellent treatise has been drawn up for us by Mr. Wood himself: we
have therefore inserted the following tables, to point out many general
conclusions to which the conchological data seem to lead. In drawing
them up I have had the able assistance of Mr. S. P. Woodward, the
well-known author of the "Manual of the Mollusca, Recent and
Fossil ."

Number of known Species of ilarine Testacea in the three English
Pliocene Deposits, called the Norwich, the Red, and the Uorallinc

Crags.




Brachiopoda
Conchifera
Gasteropoda -

Total -




- - - 6
- - - 206
- - - 230

- - - 442

o Palcontographical Society, 1848 to 1856.

f Item. of Geol. Survey, London, 1846, p. 801.
London: 1853-6.
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Distribution of the above Marine Testacea.

Number of Species. Species common to the

Norwich Crag - - - - 81 Norwich and Red Crag (not in Cor.) 33

Red Crag - - - - 225 Norwich and Corahhinc (not in lIed) 4

Comhilne Crag - - - 827 Red and Corallinc (not in Norwich) 116
Norwich, Red, and Coralline - 100

Proportion of Recent

Recent

Norwich Crag - - - - 60
Red Crag - - - - - 130
Coralline Crag - - - - lOS




to Extinct Species.

Extinct
1')-

- 95
- 150




Pereentho or
Recent..
85
57
51

Recent Species not living now in British Seas.

Northern Species. Southern.
Norwich Crag - - - - 12 - 0
Red Crag - - - - 8 - 16
Corahlino Crag - - - 2 - 27

In the above list I have not concluded the shells of the glacial beds

of the Clyde and of several other British deposits of newer origin than

the Norwich Crag, in which nearly all-perhaps all-the species are

recent, although such fossils are described by Mr. Wood, or enumer

ated in his Appendix. The land and freshwater shells, 32 in number,

have also been purposely omitted, as well as three species of London

Clay shells, suspected by Mr. Wood himself to be spurious.
By far the greater number of the recent marine species included in

these tables are still inhabitants of the British seas; but even these dif
fer considerably in their relative abundance, some of the commonest of
the Crag shells being now extremely scarce; as, for example, Buccinun
.Dalei, and others, rarely met with in a fossil state, being now very com-
mon, as lfurex erinaceus and Uardium eciLinatuni,
The last table throws light on a marked alteration in the climate of

the three successive periods. It will be seen that in the Coralline Crag,
there are 27 Southern shells, including 26 Mediterranean, and one
West Indian species (Erato .Aüugera). Of these only 13 occur in the
Red Crag, associated with 3 new Southern species, while the whole of
them disappear from the Norwich beds. On the other hand, the Coral
line Crag contains only 2 Arctic shells, Aa'inete viridula and Liinopsis
pygrnca; whereas the Red Crag contains, as stated in the table, 8
Northern species, all of which recur in the Norwich Crag, with the
addition of 4 others, also inhabitants of the Arctic regions; so that
there is good evidence of a continual refrigeration of climate during
the Pliocene period in Britain. The presence of these Northern shells
cannot be explained away by supposing that they were inhabitants of
the deep parts of the sea; for some of them, such as Tellina calcarea
and .Astarte borealis, occur plentifully, and sometimes with the valves

0 These 10 species must be added to the numbers 33-4 and 110 respectively,in order to obtain the full amount of common species in each of thuso Cases.
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united by their ligament, in company with other littoral shells, such as

.tlfya arenaria and Littorina rudis, and evidently-not thrown up from

deep water. Yet the northern character of the Norwich Crag is not

fully shown by simply saying that it contains 12 Northern species now
no longer found in British seas, since several boreal shells which still

linger in the Scottish deeps do not abound there as they did in the lat
ter days of the Crag Period. Iis the predominance of certain genera
and species which satisfies the mind of a conchologist as to the Arctic
character of the Norwich Crag. In like manner, it is the presence of
such genera as Pyrula, Uolumbella, Terebra, Uassidaria, PlLoladomya,
..&ingula, .Discina, and others, which-give a southern aspect to the Coral
line Crag shells.

In conclusion, it may be observed that the cold which had gone on

increasing from the time of the Coralline to that of the Norwich Crag
continued, though not perhaps without some oscillations of temperature,
to become more and more severe after the accumulation of the latter,
until it reached its maximum in what has been called the Glacial epoch.
The marine fauna of this last period contains, both in Ireland and Scot
land, recent species of mollusca now living in Greenland and other seas
far north of the areas where we find their remains in a fossil state.

It is not in reference to the two older formations above alluded to,
but when we attempt to classify the lacustrine and fluviatile deposits
(some contemporaneous with the marine Norwich Crag and others P0S
tenor to it), that we encounter in the East and South of England the

greatest difficulty. When treating of the Newer Pliocene and drift
formation in the Valley of the Thames, I have acknowledged the per
plexity in which this subject is still involved, and have hinted at the
causes of it (chap. xiii. pp. 152, 153). Every year, however, removes
some of this ambiguity; for the true relative position of distinct sets of

superficial strata becomes more clearly understood, and the specific
characters of the fossil mammalia and shells better ascertained. In the
first place, the occurrence in the Norwich Crag of many marine shells
of Northern species, as before described, in company with land and
freshwater shells, and some maniniahia of a more Southern character,

may possibly be explained by supposing the sea of the Norwich Crag
to have been opened towards the Pole, with islands interspersed, while
the land of the same period was continuous far to the South. In that
direction a Continent may have existed, from which rivers flowed north
wards, in whose waters the hippopotamus and such shells as the Uyrenc&
Consobrjna flourished.
The Mastodon found in the Red and Norwich Crag (p. 155, and fig.

135, p. 165) was till lately regarded as a Miocene or Falunian species;
and under this persuasion, calling it IL angustidens, on the authority of
Professor Owen, I suggested that its remains might have been washed
out of older strata into the Crag, just as we sometimes observe London

Clay and Chalk fossils occasionally introduced into the same deposit.
Many teeth of this Mastodon, together with numerous ear-bones of
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whales, have recently been found at Felixstow, in what is called "the

detrital bed," so rich in phosphate of lime used in agriculture. That

accumulation of drifted materials lies at the base of the Red Crag, and

it has been supposed that the imbedded mammalian fossils were derived

from the destruction of an older set of strata. But in regard to the

Mastodon above mentioned, Dr. Falconer, who has devoted fifteen years

to the study of the fossil and recent Pt'oboseidcans, assures me that the

fossil is a well-known Pliocene animal, first observed in Auvergne by
MM. Croizet and Jobert, and called by them Mastodon arver?zensis.

Cuvier did not adopt this name, for he had seen but a few specimens
from Auvergne, and he confounded it with A!. anquslidens. The entire

skeleton of both these Mastodons having now been obtained, they are

found to be referable to two distinct sub-genera. The Crag fossil be

longs to the Tetraloplzodom of Falconer, a sub-genus of which five spe
cies are known, so called because there are four ridges in the penulti
mate true molar as well as in the two teeth which are placed immedi

ately before it in both jaws. The Mastodon angustidens, on the other
hand, belongs, with six other species, to the section called Trilopkodon,
in which the corresponding teeth have each three ridges. This Masto
don, ac.cording to MM. Lartet and Falconer, is characteristic of the
Faluns and of the Molasse at Sansan at the foot of the Pyrenees, and
of several other Miocene localities.*
The Mastodon arvernensis is, according to Dr. Falconer, the only one

yet found in England. It abounds with the Hippopotamus major in
the Pliocene strata of the Val d'Arno, as well as in strata of the same
ago in Piedmont and at Montpellier. It may be considered, therefore,
as a characteristic Pliocene species; and this view is in accordance with
the fact that its remains are best preserved in freshwater strata, asso
ciated and coeval with the Norwich Crag. But we have no evidence of
its surviving in England till the still more modern epoch of those flu
viatile deposits in the valley of the Thames in which the Hippopotamus
major and a species of monkey, Macacus pliocnus, have been detected.
These freshwater strata are alluded to in the text (p. 153), as occurring at
Grays in Essex, 21 miles below London, and at Ilt'ord, Erith, and other
places bordering the Thames. They consist of sand, gravel, and loam,
from 60 to 100 feet thick, and often form a terrace on each side of the
valley, rising to a much higher level than a vast bed of more modern
gravel, to which allusion will presently be made. At Grays, the Cyrena
consobrina of the Nile already mentioned, a shell common to the Nor
wich Crag, together with several other shells no longer iuhabitant.s of
Great Britain, and some of them unknown as living in any part of the
globe, occur, mingled with a vast majority of English species of land
and freshwater mohlusct,. The c'jjrcna, which I supposed till lately to
0 Profcsor Owen has given (Quart. Ocol. Jour., Feb. 1856, p. 223), as a

synonym of the Crag Mastodon, the name of ItT. lonirosfris, Xaup, a fossil ofthe Miocene sands of Eppelslicim, referred by Falconer to the sub-genus Tdralopltodon.
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be a, genus unknown in Europe (p. 153), is, as I learn from Mr. Wood-

ward, a living Sicilian shell, called by some naturalists U. a1z0111ita71a.

With these fossils, and with the Hippopotamus and monkey above

alluded to, the remains of Rhinoceros kptorlunus are found; while the

accompanying elephant is not the Mammoth, as formerly imagined,
but, according to Dr. Falconer, ElepiLas antiqzeus, and sometimes E.

priscus.
It is still a matter of discussion whether the submergence of a great

part of the Southeast of England beneath the sea of the glacial epoch,

during which the Northern erratics of Norfolk and Suffolk, and of

Highgate Hill, near London, were drifted southwards by ice, took place
before or after the origin of these deposits at Grays, Ilford, and other

places on the banks of the Thames; but it is quite clear that after those

fluviatile beds were formed, a great sheet of ochreous gravel was spread
out over the lower levels of the same valley, and in it we find buried

the remains of Arctic quadrupeds. This oclireous gravel extends from

East to West, from above Maidenhead, through London, to the sea, for

a distance of 50 miles, having a width varying from 2 to 9 miles, and

a thickness of from 5 to 15 feet.* In many places it contains the bones

and teeth of the Siberian Mammoth (E. priinigenius) and Siberian

Rhinoceros (1?. tkhorhinus), together with remains of the reindeer,

horse, and other quadrupeds.
Recently (1855) three fossil skulls, referred by Prof. Owen to the

Musk-buffalo (Bubalus mosehatus), a well-known living inhabitant of

Arctic regions, have also been discovered; one of them in the valley of

the Thames at Maidenhead, and the other two in gravel of the same

age near Batheaston, in the valley of the Avon.

The same musk-buffitlo was met with about 20 years ago in the sub

urbs of Berlin, in the hill called the Krcnzberg, imbedded in northern

drift, and with it the Siberian Elephant and Rhinoceros, together with

species of horse, deer, and ox.f

Among the fossil mammalia of another locality in the same drift of

North Germany, Dr. ileusel, of Berlin, has detected, near Qucdhinburg,
the Norwegian Lemming, 1Tocles leinnus, and another species of the

same family called by Pallas .ilTyoclcs lorqualus (by Hensel tlIisotlLer

fliUS torquatus), a still more Arctic quadruped found by Parry in lati
tude 82°, and which never strays farther south than the northern borders
of the woody region. Professor Beyrich also informs me that the
remains of the Rhinoceros tichorhinus were obtained at the same place.
In this " diluvium," as it is termed by many, no instance has as yet

o Prestwich; Ocol. Quart. Journ., vol. xii. p. 131.
I was shown in the Berlin Museum, in 186, part of the skull of the Buta

1113 moschatu, correctly named in the catalogue of the Museum for IS:37, the year
after its discovery, by Professor Qucnstedt, at. that time curator. The associated
Krcu'4ierg fossils are enumerated in Leonhard an(l Bronn's Jalivbueh, 1836,
p. 215.

7i.itschrift dcr Deutseli. (]col. Geselisehuft., vol. vii. (1855), p. 548, &c.
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occurred in North Germany of the association of the Hippopotams, or

any genus which would indicate a climate too warm for the reindeer,

musk-ox, or lemming; so that it becomes more and more probable that

the alleged association of the Mammoth (E. priinigenius), in the valley.

of the Thames, with the hippopotamus and monkey (Macacuspliocnus),

and a like mixture of the bones and teeth of the tichorhino and lepto

rhino rhinoceroses in the cliffs of Norfolk, may have arisen from con

founding together the fossils of different deposits and periods, or from

an intermixture, due to natural causes, of the fossil remains of more than

one epoch.
Professor Owen remarks, that as the musk-buffalo has a constitution

fitting it at present to inhabit the high northern regions of America,

we can hardly doubt that its former companions, the warmly-clad Mam

moth and the two-horned woolly rhinoceros (R. iicltorliinus), were in

like manner capable of supporting life in a cold climate.
To what part of the Pliocene Period the Cave animals of Great

Britain should be chiefly referred, is still a vexed question. There
seems, however, no reason at present to suppose any of them more an
cient than the Norwich Crag; and many caves may have remained

open during the glacial and post-glacial eras, while the fauna was grad
ually changing, so that the remains found in them may not always be

long to strictly contemporary quadrupeds.
I have mentioned (p. 175) the occurrence in the suburbs of Rome of

the remains of Elephants, and referred them to E. prirnigenius; but,

according to Dr. Falconer, there is no well-autbenticated.xample of this
species having ever been met with South of the Alps. The specimens
from Monte Mario, and other localities near Rome, belong, according to
him, to E. anliquus, Faic., and E meridionalis, Nesti, and those in
Piedmont and Lombardy to the same species, together with Eleplias
priscus.

WHERE TO DRAW THE LINE BETWEEN THE MIOCENE AND EOCENE
TERTIARY STRATA, pp. 115, 175, 183.

Classification of the Miocene and Eocene strata-Whero to draw the line be-
tween Upper Eocene and Lower Miocene-Reasons for a proposed change of
nomenc1aturc_..JJoceno fossil shells and quadrupeds of the SewMik or Sub-
Himalayan hills.

I HAVE stated in time fifteenth chapter (p. 183), that many eminent
geologists consider the Marine Sands of the Forest of Fontainebleau, to
gether with their equivalents in ago in Belgium, Germany, and else
where, as the base of the Miocene division of the great Tertiary series.

0 Geol. Quart. Journ., vol. xil. p. 124.
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Accordingly, I have introduced in the table, at p. 105, the name of

"Lower Miocene" as a synonym much in vogue on the Continent, for

strata of that age, called by me "Upper Eocene." It is unnecessary to

repeat the reasons so fully set forth in the text, which induced the late

Professor E. Forbes and me to employ this arrangement and npmcncla

ture in preference to one which throws into the same division the fnlnns

of Touraine (originally selected by me as the type of the Miocene) and

a fauna so distinct as that of the Fontainebleau Sands, which contains

no species of shells in common with the "faluns," and which approaches
so nearly in the general character of its fossils to the typical Eocene

fauna. I observed, however (pp. 186, 187), that I was not unprepared
for the necessity of including hereafter the deposits above alluded to in

one and the same Miocene Period, should sufficient evidence be brought
to light of intermediate and connecting links between the Fontainebleau

sands or Liinburg beds and the faluns of Touraine.
In the course of the last two years some progress has certainly been

made in bridging over the wide gull' which formerly separated the so

called " Lower Miocene" from the " faluns," while on the other hand

the Eocene system is becoming so comprehensive and so complicated in

its details by the continual intercalation of new formations, and by the

addition below its former base of the Tlianct sands and. Lower Lande

nian of Belgium that the desirability of limiting its extension in an up
ward direction is becoming more and more obvious. The Thanet Sands,

moreover, exhibit a testaccous fauna, almost as divergent from that of

the Barton clay as are the shells of the Fontainebleau Sands from those

of the faluus; so that, if we comprise the Thanet and Barton beds in

one Eocene Period, we may be called upon, with almost equal pro

priety, to class the Fontaiuebleau and Falunian faunas in one and the

same great Miocene system.
Professor Beyrich, in a recently published memoir on the tertiary

strata of the North of Germany,* has made known to us the existence

of a long succession of marine strata, leading almost gradually from

the equivalents of the Lowest Lirnburg or Tongrian beds of Dumont to

others approaching in ago the faluns of the Loire. Consequently he

has thought fit to introduce a new term-that of "Oligocene "-for all

the beds intermediate between Eocene and Miocene; and, having dis

tributed the strata in question into seven subdivisions, each character

ized by a certain proportion of peculiar fossils, be refers the uppermost
of all, or his Sternberg beds, to the "Upper Oligocene ;" the next five,

comprising among others the Upper and Middle Liinhurg, to the "Mid

(lie Oligocene ;" and the remaining two to the Lower Oligocene, corn

preheuding the Lower Tongrian of Dumont with the Brown-coal of

Germany, which is classed as the lowest of all.
M. Alcido d'Orbigny had previously (1852), in his Paleontology, con

sidered all these "
Oligocene" beds as a Lower Falunian division, class

ing the faluns of the Loire as Upper Falunian. Pr. Sandberger, in his

o Abhandlnngcn tier Köiiigi. Acad. der Wissen. zu Berlin, 1855.
41
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writings on the fossils of the Mayence Basin, has lately pointed out

several connecting links between the beds commonly called Lower

Miocene and the overlying formations coeval with the faluns of Ton

raine. M. Rauhn, also, in a paper just printed on the faluns of the Gi

ronde,* has given the names of Middle and Lower Miocenc to the

equivalents of the Fontainebleau and Limburg beds, or to Professor

lIeyrich's "Oligoccuc" strata, the faltms of Touraine being classed as

"Upper Miocene."
M. ilébert published, in 1 855, a map descriptive of the areas of two

tertiary seas, which succeeded each other in the Paris Basin,-the first

that of the Calcaire grossier, and the second, that of the Fontainebleau

Sands,-shiowing how marked is the want of coincidence between them

a fact which implies the occurrence of great geographical changes in

the interval of time between the two eras compared. In the explana
tion of his map he gives his reasons for regarding the zone of Uerit/Liunz

plicatum, or that of the Fontainebleau Sands, as the most convenient

line of demarcation between Lower and Middle tertiary, or between

Eocene and Mioccne.f N. Lartet., also a distinguished French osteolo

gist, whose writings on fossil mammahia are so well known, has favored

me with his valuable counsel on this controverted subject; observing,
that although the fossil teslacea of the Fontainebleau Sands show a

preponderance of affinities towards an Eocene fauna, and small connec
tion with the ttluns of Touraine, yet, on the oilier hand, the freshwater
"Calcaire de ha Beauce," immediately overlying the Fontainebleau
Sands, such other lacustilne formations in Auvergne and Central France,
as well as the Mayencc Basin, cannot be included in the same Eocene

system without doing violence to paleontological principles. The group
ing of the fossil mammalia, he remarks, becomes less natural by such an

arrangement; for not only many genera, but even some species, are
found on both sides of the arbitrary line of demarcation thus drawn
between Eocene and Miocene. The genera Dorcatlicrium, Uainotlzerium,
Ancitillieriuni, and Titanomys, for example, and Rhinoceros incisiv us
and others, are macic common to Eocene and Miocene.

Professor Forbes, in his posthumous memoir on a tertiary formation
of fluvio-inarine origin in the Isle of Wiglit., has observed, that there
are certain bands of well-marked fossils so widely extended as to indi
cate definite horizons; and of these perhaps the most constant is LI the
zone of GeriliLium plicaturn," well-marked among the Tertiaries of
France, Belgium, and Germany, and equally so in the Isle of Wight.
Referring then to the connection between this zone and the underlying
formations, ho continues: "There is evidently no break in this part of
the series of Tertiary depositions, and it would be harsh and forced to
place one portion in' the Eocene, and another in the Miocene, as has
been done by continental geologists. In the Isle of Wight we have

o Actes (IC VAcadtinie (10 Bordeaux, 1855.
t Bulletin, 1855, torn. xll. P. 760.
Morn. Geol. Survey, London, 1856, p. 09.
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the true clue to their relation clearly exhibited in unmistakable and

perfect sections; the importance of which clue in its bearing on conti
nental geology may be estimated very highly."

The opinion of my late lamented friend, so emphatically expressed
in this passage in favor of the classification which I formerly adopted,
will convince every reader that the old nomenclature might be defended

by many cogent arguments; and some of these M. Desh ayes has lately
set forth in the preliminary chapter of his supplement to ".The Fossil
Shells of the Paris Basin;"* where he says, that while, on the one
hand, the dissimilarity is enormous between the fossils of the Fontaine
bleau Sands and those of the faluns of the Loire, we find the fauna, of
the former to be allied to that of the marine beds below the Pails gyp
sum by a predominance of certain genera of shells. These he enumer
ates, and his observations are in harmony with what I have said (p.
184) respecting the "Eocene aspect" of the testaccous fauna of those
strata which occupy the debatable ground.

Notwithstanding these and many other arguments which might be
adduced in support of the classification formerly advocated by me, and

given in my Table at p" 104-5, I have come to the conclusion that it
will be more convenient to draw the line of separation in the place so

generally adopted in France, provided that we always regard it as an

arbitrary and purely conventional line,-one which has no pretensions
to be founded on any great change of species, still less on any general
revolution in the earth's physical geography assumed to have happened
at the era referred to. The classification was originally suggested in
France by an accidental break in the regular succession of marine
strata, caused by the intercalation on the site of Paris of certain fresh
water gypseous mans, in which the PaleotlLere and other quadrupeds
were discovered. By these mans the marine sands of Beauchamp, often
called the "Sables Moyens," were separated from the marine sands of
Fontainebleau. In countries where no such interruption occurs, the
series, whether composed of freshwater, fluvio-marine, or marine strata,
will exhibit "beds of passage" between Eoccnc and Miocene, such as
those of Hempstead, in the Isle of Wight, or those recently discovered
in the Alps by MM. ilébert and Renevier, and described by them in the
Bulletin of the Statistical Society of the Department of the Seine

(1854). In this interesting memoir an account is given of a formation
termed by the authors " the Upper Nummuhit.ic," which occurs in the

neighborhood of Gap, and in the Diabicrets in Savoy, where the C'eri
' plzcalu;n and other shells usually accompanying it in the Fon

tainebleau Sands and in Belgium are abundantly intermixed with spe
cies frequent in the Ores do Beauchamp, and even in the inferior Cal
Cairo Grossier. Here, therefore, we have an example, among the

highly elevated and contorted strata of the Alps, of marine beds of pas
sage of the period under consideration, remarkable for many reasons,

0 Description des Aninaux sans Vert!n, &c. Paris, 187, p. 17.
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and, among others, for the profusion of nummulites in association with

shells characteristic of the Fontainebleau Sands. This association has

obliterated one of the supposed distinguishing characters of the beds

above aud below the gypseous series, for nummulites have never been

traced in Belgium, French Flanders, England, or Germany, above the

zone of Uerithiun plicatum, or if so, in extremely small numbers, and

as exceptional cases. It was also thought by many geologists that the

principal upheaval or disturbing movements of the Alps occurred ex

actly between the Lower and Middle Tertiary, or between the Eocene

and Miocene epochs, as usually defined in France, whereas the plentiful
occurrence of characteristic "Middle Tertiary" shells in the Diablerets,

proves that the greatest movements of the Alps belonged, to an epoch

subsequent to the establishment of the Uerithiun plicatuim and many

contemporary species in the Tertiary seas.

I am not yet prepared to divide the Miocene strata of Europe into

Upper, Middle, and Lower, although the time is not far distant when
such a subdivision will become necessary and possible. Meanwhile, the

following modification of the Table at pp. 104, 105, is proposed, con

sisting simply of a substitution of the term. "Lower Miocene" for

"Upper Eocene," and of a subdivision of the Middle Eocene of the
same Table into two parts.

Proposed Modification of the Table of FossilVerou8 Strata,

pp. 104-105.

British Examples. Foreign Equivalents and Synonyms.

6. UPPER

{

Faluna of Touralno p. 175.
Bolderberg Strata in Belgium, p.

MIOCENE. Wanting In the British Ii1es.
1

178.
Sansana, near Pyrenees, South of

France.
L Basin of Vienna, p. 179.

I
f Gras do Fontalnobleau,.n. 101.
Calcairo do In

6. LOWER "
MIOCENE. Ilempatoad Beds, Me of Wight,

Beauce.
Mnyeuco basin, n. 190.
1.tmburg bide, Belgium . p. 188.

I

I 92. "Oligocuno" strain of forth Get.

I.
many.Nebraska beds in United States, p.200.

Bembridgo Beds, Isle of Wight,
1.Oeoua Series of Montmartre,

7 A. UPPER 1 p. 203. 2 & 3. Cnlcn.Iro Silicoux, p. 225;
EOCENE,EOCENE. 2. Oshorno Sories, p. 210. or Travortin Infêriour.3. Hendon Series. Ibid. 4. Gras do licaucliamp, or Sables4. Barton Clay, p. 212.

I
Moycu., p. 226.

4. Laokon beds, Belgium.
f 1. Cakairo Grower of Paris basin,

7 .Y. MIDDLE f
EOCENE.

I. Bagahot and Brackl&iatn Bode, ,3. 213.
p.226.

2. Upper Soluonnals, Sands of
2. Wanting. "

Cuiuo.r.iunotto. p. 28.I & 2. NumnuUtio formation of
8. LOWER EOCENE. As In the table. p. 105.

I. Europe, Abia &c., p. 229.
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MIOCENE FAUNA OF THE SEWALIK HILLS, p. 182.

TilE genus Dinotizeriuni, so characteristic of the Falunian or Upper
Miocene period in Europe, occurs in India in strata of the same age.
But as yet it has only been found in Perim Island, in the Gulf of Cam

bay, and not among the fossils of the Sewâlik or Sub-Himalayan Hills,
as stated by mistake in the text (p. 182). Seven species of Sewâlik

elephants have been alluded to, whereas the number is in fact only five,
three of which are referred by Dr. Falconer to the sub-genus ,Ste,qoclon,
comprising forms intermediate between the Mastodon and Elephant.
The hippopotamus mentioned in the same page (182), belongs to the

sub-genus Hexaprotodon, a form now extinct. The .Anoplotlzeriuni
posterogenium, supposed when first discovered to present a generic link
between the SewMik fauna and that of the Eocene period, is now rec

ognized as a species of C'halicotlzerium (Anisodon of Lartct, a genus of

pachyderms intermediate between the Rhinoceros and Anoplothere. The
same genus occurs in Miocene or Falunian strata at Sansan, in the

department of Gers, in the South of France. Among the Sub-Himalayan
fossils, a giraffe, camel, and large ostrich may be cited as proofs that
there were formerly extensive plains where now a steep chain of hills,
with deep ravines, runs for many hundred miles east and west.

Fifteen species of freshwater shells of the genera Paludina, Itfelania,

.Arnpullarza, and Unio were obtained by Sir P. Cautley and Dr. Fal
coner from the same strata, and, when shown by them in 1846 to the
late Prof. E. Forbes, were pronounced by him to be all extinct or un
known species, with the exception of four, which are still inhabitants of
Indian rivers. Such a proportion of living to extinct species of Mol
lusca agrees well with the usual character of an upper Miocene or
Falunian fauna, as cbserved in Touraine, or in the basin of Vienna and
elsewhere.

DENUDATION OF THE WEALDEN. (Ch. XIX. pp. 271, 285.)

Denudation of the Wealden-Discovery of the Lower Crag on the summit of
the North Downs between Folkestone and Dorking.

THE arguments adduced in the 10th chapter, pp. 271-285, to prove
that the denudation of the Wealden area took place at many successive

periods, and at dates widely remote from each other, sonic of them an

tecedent to the deposition of the Lower Eocene strata of Great Britain,
and others so late as the Pliocene epoch, have lately received an unex

pected confirmation, for Mr. Prcstwich has announced to the Geological
Society of London (January 21st, 1857) the discovery of marine sands
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of the crag period, resting on thâ summit of the North Downs at vari

ous points between Folkestone and Dorking. These ferruginous sands

include layers of iron sandstone, and of quartzosc sand, with hint peb

bles, and occasionally green earth, the whole deposit resembling pre

cisely in mineral character the sands of Diest., in Belgium, which have

long been considered, as of the same age as the older crag of Suffolk.

The same Tercbralula grandis, which abounds in the English crag, and

in the sands of Diest; and the casts of .Aslartc, Pyrula, and other fos

sils, concur with the mineral character of the beds to prove the con

temporaneous origin of these British and Belgian strata. At Paddles

worth, 4 miles W.N.W. of Folkestone, the irony sands, above mentioned,

rest on an older flint gravel, at an elevation of between 600 and '700

feet above the sea, and near the edge of the chalk escarpment. Some

idea of their exact position may be gained by the reader by supposing
them placed on the heights marked by the strong black line above fig.
0, in the woodcut 321. (p. 272 of the text of this edition, and 4th edition

p. 243), orbe may suppose the tertiary outlier b, fig. 329 (p.282 of this

edition), to consist of Coralline crag, instead of being a mass of Eocene

clay and sand.
It follows from such facts, that although the first elevation of the

Wealden took place, as shown in the 19th chapter, in the early Eocene,
or partly, perhaps, in the cretaceous period; and although much denu
dation was then effected, yet the same area was again submerged during
the Olaer Pliocene epoch. The latest denudation, therefore, as well as
the present escarpments, were brought about after the sea had become

already peopled with species of mollusca, half of which are still living.
The great upheaval of land in the Wealddn area, thus proved to be

subsequent in date to the Lower Crag, may, as Mr. Prestwich observes,

help to explain the difference observed in the fauna and climate of the
several successive crag periods (see above, p. 636) ; for we may now with
more confidence assume that the sea of the Coralhine Crag was open to
the south, so that shells of southern forms lived in it, until at length,
the bed of tlut sea having upraised 650 or 700 feet, all communication
with wanner latitudes was cut on; and the fauna of the Red Crag ac
quired its more boreal character.
We also learn from these recent discoveries how impossible it may

often be to demonstrate the former presence of the sea on any given area
by organic remains, or by sea-beaches. Long and diligent inquiries had
been made before the year 1856, for sea shells of recent or crag species,
and for the signs of old sea margins within the Wcalden area, or on
Nos. 3, 4, 5, 6, and '1 of the map (p. 272 of this edition, and p. 242, 4th
edition), and on the chalk downs and tertiary area between the Weald
and the Thames (Nos. 1 and 2, ib.) ; but in vain, until at last a few
caste of sheila prove incontestably the long sojourn of the Older Pliocene
sea in those very spaces. We must now, therefore, admit the retreat of
its waters to have been an event of times comparatively modern. It
follows that in many cases the hind may have sunk and have emerged
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again without retaining on its surface any monuments of the kind

usually demanded as indispensable to warrant us in speculating, on

marine denudation as a great modifying cause in the physical geography
of the globe.

NEW FOSSIL MMMALIA FROM THE I'URBECK OR UPPER OOLITIO
STRATA IN DORSETSUIRE.

Discovery in Dorsetshire of seven or eight new genera of Mainmalia in the Fur
beck or Upper Oolitc strata-First example of a skull of a Mammifer from
Sec.ondary Rocks-Insectivorous Marsupials and Phtccutals and herbivorous
Marsupials-Figures and descriptions-Light thrown on the Miciolcstes or
oldest triassic Mammifcr-Gencral bearing of the new facts.

IT will be seen by the text (p. 457) that when the 5th edition of this
work was published two years ago, six species only of mamnialia were
known in the whole world from rocks older than the Tertiary. The
researches of 36 years had been required to bring these six species to

light, from 1818, when first a lower jaw from the Stonesfield Oolite,
found 10 years before, was pronounced by Ouvier to be mammalian,
to the year 1854, when the Spalacollierium of Purbeck was described

by Owen.

Figures are given at P. 341 of two small molar teeth of the most an
cient of these six quadrupeds, the .M'icroles(es of Plieninger, found in a
bone-bed near Stuttgart usually referred to the Upper Trias, and in
which Triassic species of fish and reptiles abound. Figures are also

given of the fossil lower jaws with teeth of three diminutive mammalia
obtained from the inferior oolitc of Stohesfield (pp. 311-12 of the text, and
368, 4th ed.), and supposed to belong to insectivorous creatures, one of
them at least to a marsupial quadruped. The remains of a fourth

British mammal, also consisting of a lower jaw from the same locality,
found by the Rev. J. 13. P. Dennis, and made known in September,
1854, is alluded to in a note at p. 457. Although small, it was con

siderably larger than the three species previously discovered, being

probably about the size of a rabbit. Professor Owen imagines it to have

been of omnivorous habits, and one of the ungulate or hoofed quad
rupeds, allied to certain extinct genera of the tertiary period, called

Hyracotherium, ilicro(heriu in and Ilyopolamus.
The discovery in Purbeek, Dorset,shire, in 1854, of the Spalacotlzeriu;n.,

a small insectivore allied to the Cape mole, is mentioned at p. 295 and

457, as the first example of a mainmifer from those freshwater strata.
In December last (1856) Mr. Samuel II. Beckles, F. G. S., conversed

with me in London on the desirability of quarrying the Middle Purbeck

in Durlestone Bay, near Swanage, for the express purpose of exploring
the fossil contents of the bed in which Mr. W. R. Brodie had procured
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the Spalacotlierium. The average thickness of this stratum called No.

93, or the "dirt-bed," is about 5 inches;* It lies at the base of the

middle Purbeck, and consists of a soft marl, or calcareous mud, and con

tains the remains of a few insects with freshwater shells of several genera

(Paludina, Flanorbis, and Gyclas), and many reptiles. As the fruit of

his second day's excavations (Dec. 1 ith) Mr. Beckles sent me the lower

jaw of a mammal of a new genus, a discovery soon followed by others

in rapid succession, so that at the end of three weeks there were disin

terred from an area not exceeding 40 feet in length by 10 feet in width,

the remains of five or six new species belonging to three or four distinct

genera, varying in size from that of a mole to that of a hedgehog, be

sides the entire skeleton of a crocodile, the shell or carapace of a fresh

water tortoise, and some smaller reptiles. While these investigations
were in progress, Mr. W. II. Brodic of Swanage kindly forwarded to

me at my request the fossils which he had been accumulating during
two years (1855 and 1856) from the same thin bed in a contiguous area

no less limited in its dimensions. Besides reptilian remains, there were

aniong his acquisitions three lower jaws of three mammalian species,
and Dr. Falconer, who interpreted for me the meaning of these and
other fossils, as they arrived from (lay to day, called my attention to one
slab in which was seen the upper portion of a skull, consisting of the
two parietal bones in a good state of preservation, with the sagittal
crest well marked, as also the connection with the frontais and the oc

cipital crest. Although the lateral and basal portions of this cranium
are wanting, enough remains to show that it agrees with the ordinary
type of living warm-blooded quadrupeds, implying probably a higher
organization than that of such genera as the Stonesfield PiLascolotleeriurn
and AnipiLitherium, though affording no clear evidence whether the
creature was placental or marsupial. It is singular that this specimen
should have been the first example ever seen of a cranium, or indeed of

any part of the skeleton of a mainmifer other than a lower maxillary
bone with teeth, from rocks more ancient than the tertiary. It. supplied
therefore a more significant kind of evidence to the osteoloist than had

previously been obtained of the exact correspondence in' structure of
the mammahia of a very remote period with the higher types of living
vertebiatn.

In the same slab with the cranium is one entire side of a lower jaw
of a quadruped, for which Professor Owen proposes the generic name
of Tiiconodon It contains eight molars, a large and prominent canine,
and one broad and thick incisor. This creature must have been nearlyas large as the common bedgchog.f
o This so-called "dirt-bed" is designated as No. 03 both in the Guide to the

Geology of the Isle of Purbeck, by the Rev. 0. H. Ansten (1852), and by the
Rev. 0. Fisher, in his paper on the Purbeck strata. Trans. Camb. Phil. Soc.,vol. lx. (1855). It has not the character of an ancient vegetable soil, as the
name would scorn to imply.
f The compressed crowns of the inferior molars in this 7'iconodon have each
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Several other jaws with similar tricuspid teeth of larger dimensions,
found by Mr. Beckles, indicate the existence of another species of Tn
conodon of a more elongated form, and about one-third larger in size.
From one of these the following evidence of its marsupial character was

pointed out to me by Dr. Falconer. 1. The plurality of true molars.
2. The strong, inflected angular process. 3. (And this is considered

by him the most significant of all), the broad, salient, everted rim of
the ridge which is (IcCurrent on the outer side from the condyle along
the inferior margin, exactly as in the carnivorous marsupials. 4. The
marked development of the mylo-hyoid groove. He also adds, that
these two species of Triconodon, from. the cutting character of their
teeth, and their comparatively formidable canines, together with the
form of the ascending ramus, are more like small ferino animals than
mere insectivorous marsupials. It is most probable that they fed on

prey less minute than insects.

Among time jaws of many smaller insectivora is one allied to the typo
of the Stonesfic]d .ilnzphii/zcriunz, but generally distinct.
The following observations by Professor Owen, on the genus Tn-

conodon, extracted from a letter which I received from him January 27,
1857, are not the less interesting as having been written before the
more decisive proofs above enumerated of the marsupial characters of
Triconodon had been elicited from more perfect specimens obtained
about a month later:-" The Purbeek fossil (the smaller Tniconodon)
is most nearly allied to the Stonesfield insectivorous genera, and shows
characters intermediate between Plzascolotlzeniuin and Thylacotlierium.
The three-coned tooth presents the same type as in the molars of
these genera, but the first and third cones are developed to nearer

equality with the second or mid-cone. The cingulum in Tniconodon

develops the same front and back talon. In the size of the canine,
and in the depth and other proportions of the jaw, Tniconodon resem
bles Fliascolotlzcniuni, and so much so in the jaw-bone characters that
if one be marsupial the other should be; but I cannot get a clear
evidence of time inward bend of the angle, or of its extension back
wards.
"In the superior number of molars, Tniconoclon resembles Thyla-

coiheniun?., and also Myrnic'cobius, which, by the way, has a somewhat
similar type bf molar tooth. The above-cited genera and Spalacotlzc
niu,n have enough of characters in common, so far as regards mandible
and mandibu!ar teeth, to suggest their all belonging to the same natural

of them three subequal sharp-pointed cusps, rising nearly vertically into the
same longitudinal plane, with basal 011(1 lobules, but without additional interior
complication. They are so arranged, in a continuous and compact series, as to
present a uniform serrated edge, like the teeth of a saw.-Dr. 1skoncr.

In this species the lower jaw has an elongated slender ramus, containing 7
uniform back molars in situ, and the empty alveoli of 4 or 5 false molars in
front, together with a prominent ]uuiiutriform tooth. The dental formula agrees
numerically with that of the Ainpluitlieriuzn, but diIers from it in the double
rowed and complex arrangement of the crown-cusps.-Dr. Falconer.
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group of an insectivorous and very probably marsupial family. The

character of the calvariufli of Triconodom offers nothing adverse to the

above views
"

Besides the mammahia above alluded to, belonging to 9 or 10 species

and to 5 or 6 genera, all of them insectivorous or predaceous, we are

indebted to Mr. Beckles for having disentombed (January 31, 1857,) the

remains of another genus exceedingly unlike the rest, the relations of
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P/agiaulacz' JJeckle8ii, Faic.
These two flcures represent the same right ramus of the lower jaw seen on the oppnsito sur.

Ices of a split stone, the two taken together ittrordlng data for a complete restoration or the jaw.
Upper figure (outer side.

ci, b, e'. night rainus of lower jaw magnified two diameters, a, 1, outer side. b, 0', ci', e',
tin-5of inner side.

(7. Incisor.
b, c. Line of vertical fracture behind the pre-molars.
ci'. Impression of the con'lyle In the matrix.
e'. Impression of top of coronoid process.
/ Section of the anterior piece of the jaw at the fracture 1', c,-e', Inner surface; y, outer.

The notch at the top Is formed by one of (he sockets of the double-ranged true molar.
g. Section of the hinder piece hear 1', c; a, inner: y, outer surfhce.
o. Broken off inflected fold of inner margin buried In the matrix.
vi. Sockets of two molars.
p, in. Three pre-molars, the third'nntl last divided by a crack.

Lowerfigure (inner 8lde).
a', ci. Same lower jaw on the opposite lnb of stone; b ci, e, Inner side; i.., a', 1:, cast and ha-

pression of outer side.
a'. Outline of the incisor restored.

c. Line of vertical fracture.
it. Condyhe.e. Coronoki.
h. Impression on the matrix of the three pre-molars.4. Empty sockets of the two true molars.i Orifice of dentary canal.0. Indication or the raised and Inflected rid of the posterior inner margin.
f Third or largest pre-molar, magnified 5 diameters, showing the 7 diagonal grooves.. Corresponiung pre-niohur in the recent Australian Ilypsiprymnus Galumardi, showing timT vertical grooves, magnified 8 diameters.

o Allusion is here made to the crown of the skull before mentioned as occur
ring in the same slab. In the text, at p. 295, I have cited the opinion given
by Professor Owen in 1854 (see Geol. Quart. Journ., vol. x. p. 481), that the
Spahacotherium was "more nearly allied to the placental than to the marsupialinsectivora," an opinion which, as will be seen, he is now disposed to modify.
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which to the living kangaroo-rat were immediately recognized by Dr.
Falconer on its first arrival in

London:*.o less than 10 species of the livng genus Hypsiprymnus, corn-
monly called the kangaroo-rat., and referred by Waterhouse to the Ma-
cropodicice, or kangaroo family, inhabit the prairies and scrub-jungle of
Australia, feeding on plants and gnawing scratched-up roots. A strik
ing peculiarity of their dentition, one in which they differ from all
other quadrupeds, consists in their having a single large pre-molar, the
enamel of which is furrowed with '1 vertical grooves (see 1, fig. 1, where
the pre-molar of the recent Hypsiprymnus Gaimardi is represented).
The largest pre-molar in the fossil genus exhibits in like manner

seven parallel grooves, producing by their termination a similar serrated
edge in the crown; but their direction is diagonal, a distinction, says
Dr. Falconer, which is "trivial, not typical."
As these oblique furrows form so marked a character of the majority

of the teeth, Dr. Falconer has proposed for the fossil the generic name
of Plagiaulax. The shape and relative size of the incisor a, figs. 1
and 2, exhibit a no less striking similarity to Hyps-iprynznus. Never-

Fig. 2.

Ill




a'

Plagiaulacs minor, Faic.
(Mngnificd 4 diameters.)

All the tetli In this specimen are in place and well preserved. The hinder part of the jaw
bone, with the ascending ramus and posterior angle, am broken away.

a, b. Right ramus of lower jaw, with all the teeth iiiaiiIfiei 4 di:uneters.
a. Ini.a'r with point broken off a', iiniir ion of same. showing that the inner side, near

the apex was hulloweil out In a hoiiItudinal direction.
Z. Offset of coronold. the rest of which Is wanting.
,n The two true molars.
p, ,n. The four pre-inoinra.
c. The first molar, ,,in,ilflcx1 S diameters.

Upper 1hurc, the crown. Lower figure, side view.
d ,conx1 molar, crown and aide view.
e. Btrniglit line indicating the length of the jaw, natural size.

theless, the more sudden upward curve of this incisor, especially in

the larger species, as well as the number and characters of the other

tcth, and the shortening compression and depth of the jaw, taken

together with the backward projection of the condyle (d, fig. 1), indi

cate a great deviation in the form of Plagiaulax from that of the living

kangaroo-rats.

All the information concerning the natural liist4ry, osteo'ogy, and affinities

of liaglaulax given in the following pages, ii etntkt1 fri'm a more (iChifled

paper by Dr. Falconer, shortly to lie puhuiimctl liv time (k'nlogieal Society, the

MS. copy of which has been iiliernUy 1ilxutql at. the ii,ltbor'14 xlispcal.

p in.
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Our knowledge is at present confined to two specimens of lower

jaws,* evidently referable to two distinct species, extremely unequal
in size, and otherwise distinguishable. The largest, P. Beclesii (6g. 1),
was about as big as the English squirrel or the flying phalanger of

Australia (Petaurus Australis, "Waterbouse). The skeleton of this

phalauger (named P. macrurus, No. 1849, Museum of College of Sur

geons) measures 15 inches in length, exclusive of the tail, which is more

than 11. inches long. The smaller fossil (P. minor, fig. 2), having

only half the linear dimensions of the other, was probably only 1-12th

of its bulk. To the geologist, however, it is perhaps the more interest-

ing of the two, as Dr. Falconer has recog-
Fig. 8. nized in its two back molars (c, d, fig. 2) an

unmistakable resemblance to those of the
Triassic .2lficrolestes (b, c, fig. 3).

Of this most ancient of known fossil mam
malia an account is given in the text at p.

Teeth of .afieroZetea antuus, 341, with illustrations among which howPlieninger. from the upper
TriM of Wtrtemburg. ever, there was no figure of the crown of

b. Crown of tho smaller molar (h,
fig. 441,

ç.
SII, of the text) the larger molar, which is now added, with

c. Crown of1Rrgcr tooth (flg. 442 ft new illustration of the crown of the smaller
Ibid.), with part of the crown tooth. No naturalist on the Continent tobroken off, magul(led.




whom I had previously shown casts and

drawings of these teeth, had been able to give any feasible conjecture
as to its affinities. Plieninger considered it to be predaceous, whence
the name; others fancied they saw some likeness in the form of its

grinders to those of an omnivorous pachyderm, as well as of an Insec
tivore; while Professor Owen, at once recognizing the mammalian char
acter of the double-fanged teeth, said they were distinct from any type
known to him. When these grinders of .Microlesles (fig. 3) are com

pared to those of Plagiaulaz minor (d, c, fig. 2), the reader will agree
with Dr. Falconer, that "had they all been found detached in the
same slab they might have been taken for back and front, or for upper
and lower teeth of the same or some cognate species, the essential
characters of the crown being identical ;f whereas, had the last molar
and last pre-molar of Plagiaulax been found fossil under similar cir
cumstances, they would in all probability have been taken for teeth not
merely of different genera, but oven of different orders of mammahia."
Two principal questions, observes Dr. Falconer, deserve our con

sideration with reference to Flagiaulax; namely, first, Was it mar-

* Three additional specimens of P. Beckkiii have since arrived, some with
the two back molars entire. They confirm all the conclusions set frth in the.
following pages, and especially the affinity of Pinglaulax and Microlestes.
t 'l'he last back molar, whether of Microktes or Plagiaulax, has two opposed

longitudinal marginal ridges, more or less lobed or crenated, and separated bya depressed disk. In the next or larger molur of Plaglaulax, the cusps are not
symmetrical on the two sides, there being two on the inner, and only one alter
nating lobe on the outer; and such seems to have been the case in the largerImperfect tooth of .Afkrote.stes (c, fig. 8).
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supini I secondly, Was it herbivorous The general resemblance of
the jaws and teeth to those of the living Kangaroo-rats raises at once a

strong presumption in favor of the affirmative on both these points.
There is, as before noticed, a distinct indication in the fossil of a bend

ing inwards, or towards the observer, of the posterior inner margin of

jaw o, fig. 1 (lower figure), stretching from the anterior boundary, of
the clcutary foramen n. The significance of this character will be ap
preciated by referring to what was said of such an inflection in reference
to the Stonesfield Mammalia (p. 311, figs. 370-381). In both spe
cies the true molars are limited to two; yet the jaw of P. BecAlcsii
was clearly that of an adult, having its full complement of teeth. This
is an unexpected number in a quadruped inferred to be marsupial, in
which tribe the normal number of molars should be four. In both spe
cies, moreover, the true molars are dwarfed in size, as well as reduced
in number.

In the Kangaroo-rat there is a single grooved pro-molar and four
back molars, while in Plagiaulax, the true molars being reduced to
two, we find, as if in compensation, three or four grooved pre-molars.
In the igmy flying opossum of Australia (Acrobata pygrncva) there is
an analogous development of pre-molars with a reduction of the back

grinders to three; and in the Sub-genus .Dromicia, or pigmy phalanger,
there are four pre-molars, while the back molars are reduced to three.
In the living Myrmecobius* the true molars are greatly in excess of the
normal number; while in the fossil Flagiaulax they are few and rudi

mentary, fewer oven than in any of the placental herbivora. It is true
that in general form the coronoid (e, fig. 1) of Ptagiaulax resembles
more that of the predaceous marsupials, and of Dasyurus especially,
than of the herbivorous families; but on the other hand it is less ele
vated, and its surface of less area, than in the predaceous genera, whether

marsupial or placental.
The coudyle (d, fig. I), which is well preserved, is remarkable for its

depressed position,-a character which, considered apart from all the
rest, might have been taken to indicate a beast of prey; but it is coun
terbalanced by another peculiarity without example, so fur as Dr. Fal
coner is aware, among the predaceous genera, whether marsupial or

placental; viz., the long neck and horizontal projection of the condyle
d behind the coronoid e. The other leading indications imply a vege
table feeder; viz., the limitpd surface and moderate elevation of the
coronoid above the plane of the teeth, the feeble development of the in
flected margin, the absence of a thick angular process, the advanced

position of the orifice of the dentary canal (n, fig. 1), and the offset of
the inflected margin above it.. These characters, taken in conjunction
with those of the teeth, would place the Pla9iaulax with the vegetable
feeders; and the exceptional position of the COn(lylC may be a special
modification, having reference to the abnormal character of the teeth;

° A figure of tho lower jaw of this quadruped is given in my Principles of
Geology, cli. Ix. p. 138, 0th ed.
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i. e., the excessive development of the pre-molars and the reduced num

ber and size of the true molars.

"The condyle of Plagiaulax, therefore," observes Falconer, "incul

cates an emphatic warning against too much stress being laid upon any

single character in Pakeontological determinations." And he adds that

"this ancient fossil is interesting not only for its affinity to the existing

Kangaroo-rat of Australia, but also as seeming to furnish a crucial test

of the soundness, in some respects, of certain generalizations which have

been put forward respecting the order of the successive appearance of

mammalia upon the surface of the earth. It is maintained by some

British pakcoutologists and comparative physiologists of high authority,
that, while there is no positive proof of serial progressive development
from the lower to the higher forms, there is clear evidence of another
order of development or passage, viz., from the general to the special, as
we pass from the oldest tertiary to the modern period. It is urged by
the advocates of this doctrine, that the mammalia of the Eocene Period

assimilated more to the general archetype and embryonic condition of
vertebrate organization, while the inamrnalia of later times successively
furnish examples of increasing deviation from the original or normal

type as well as of special adaptation. Among other arguments, they in
sist that the earliest Eocene mammahia, both herbivorous and carnivo
rous, possessed in most cases the full complement of teeth; while forms
characteristic of later times, such as the Felidce and Runainantia, are
remarkable for special suppression of these organs. If the generalization
were really of as wide an application as has been claimed for it, we ought,
in every great family of the mammalia, to find evidence of closer adher
ence to the archetype the further we recede in time. But so far is this
from being the case, that Plagiaulax, the oldest well-ascertained herbiv
orous mammal, presents to us the most special exception to be met
with in the whole range of marsupialia, fossil or recent. It had the
smallest number of true molars of any known genus in that sub-class;
thus exhibiting at the most distant end of the chain the very characters
which, under the influence of the assumed law, we ought only to have
found in some type of existing marsupials."
While the MS. of these pages was preparing for the press (February

10, 1857), part of the cranium of a mammal was received from Mr.
Beckles, comprising the two superior maxillary bones and teeth, with
the intermediate palate crushed, of a small insectivore. On the rightside of the jaw the whole series of molar teeth and the incisors are seen.
The grinders are more numerous, but the dental characters, says Dr.
Falconer, bear a relation to those of the insectivorous genus Ericulus,
peculiar to Madagascar, and from the general bearing of the evidence,
it s presumed that the fossil was a minute Placental Insectivore.*
o Although the teeth differ considerably in shape from those of the otherPurbeck fossils, it Is just possible that this creature may be the same as someof the minuter species above alluded to,.and known as yet only by their lowerjaws.
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This was the first example of an upper jaw with teeth of a fossil main

ma! obtained from any secondary rock, and only five* such jaws were

procured by Mr. Beckles when the entire number found by him had

amounted (March 20th) to twenty-eight. The other seven specimens
found at Purbeck by Mr. Brodie, consisted in like manner of lower jaws;
and the same may be said of the ten specimens (belonging to four spe
cies) of oolitic mammahia hitherto discovered at Stoncscld.

That between forty and fifty pieces or sides of lower jaws with teeth

should have been found in oolitic strata, and with them only five upper
maxillaries, together with one portion of a separate cranium, will natu

rally excite surprise4 There are no examples of an entire skeleton, not

of any considerable number of bones in juxtaposition. In several por
tions of the Purbeck matrix there are detached bones, often much de

composed, and fragments of others apparently mammalian; but, if all

of them were restored, they would scarcely suffice to complete the five

skeletons to which the five upper maxillaries above alluded to belonged.
As the average number of pieces in each mammalian skeleton is about

250, there must be ninny thousands of missing bones; and when we

endeavor to account for their absence, we are almost tempted to indulge
in speculations like those once suggested to me by Dr. Buckland, when

lie tried to solve the enigma in reference to Stonesfield :-" The corpses,"
he said, " of drowned animals, when they float in a river, distended by

gases during putrefaction, have often their lower jaw hanging loose, and

sometimes it has dropped off. The rest of the body may then be drifted

elsewhere, and sometimes may be swallowed entire by a predaceous

reptile or fish such as an ichthyosaur or a shark."

We may also suppose that when fish or other aquatic animals attack

a decaying carcass, whether it be floating or has sunk to the bottom,

they will first devour those parts which are covered with flesh. A lower

law, consisting of little else than bones and teeth, will be neglected, and

becoming detached, may be drifted away by a current of moderate ve

locity, and buried apart from the other bones in sand or mud.

Among the latest discoveries of Mr. l3eckles (March 10th), is the lower

jaw of a small, adult, predaceous quadruped, with a robust canine and

only six molars, differing in this respect :15 well as in its other characters,

so far as time evidence at present extends, from the marsupial type.
The small average size of the species as yet made out is worthy of

notice, the two largest of them not exceeding by more than a third the

o The second of these is a fragment of the facial part of the cranium of Tn-
conodon, received from Mr. Buckles, February 18th. It consists of the right
maxillary bone, containing some of tlicnolar teeth, together with a consider
able portion of the palate uncruslied.
f As specimens of imminmalia ni.e arriving weekly from Mr. Decides, we may

expect. a great addition to the number (if inilividuals, us well n. an increase in
the miumber of specks, brforc his labors terminate. To gain access to these
treasures, lie has already at his own cost removed nearly 8000 tons' weight of
stone overlying the lied No. 93.
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dimensions of the common hedgehog or the squirrel. On this subject

Dr. Falconer observes, that in the Miocene freshwater deposit of Seissan,

in the Department of Gers, near the Pyrenees (so well explored by M.

Lartet), there is a layer in the marginal part of the basin in which the

bones of diminutive mammalia, such as shrews and others, are mixed

with remains of frogs in profusion ; while in a more central part of the

same basin, entire carcases of the Mastodon and other huge animals oc

cur. In like manner the thin layer No. 93 in rurbeck may represent

the shallow margin of a river, lake, or lagoon, in the deeper parts of

which fossil animals of greater size may be preserved.
" On a review of all the fossils collected by Messrs. Brodic and Becides;

including the original Spalacotlierluin, together with a lower jaw be

longing to the Rev. P. B. Brodie, and cointhunicated to me by Prof.

Owen, it appears that we now possess (March 14th) the evidence of

about fourteen species of mammnalia from the Middle Purbeck, to say

nothing of numerous remains of the highest osteological interest, respect

ing which no opinion can be hazarded until they have been studied more
in detail. They belong to eight or nine genera, some insectivorous or

predaceous, others having affinities as yet doubtful, and one of a purely
herbivorous type, allied to the Kangarøo-rat of Australia. Some of the

predaceous species were marsupial, some of them, in the opinion of Dr.

Falconer, probably placental.
As all of them have been obtained from an area less than 500 square

yards in extent, and from a single stratum not more than a few inches
thick, we may safely conclude that the whole lived together in the same

region, and in all likelihood they constituted a mere fraction of the
mammalia which inhabited the lands drained by one river and its tribu
taries. They afford the first positive proof as yet obtained of time co
existence of a varied fauna of the highest class of vertebrata with that

ample development of reptile life which marks all the periods from the
Trias to the Lower Cretaceous inclusive, and with a gymnosperm oils
flora, or that state of the vegetable kingdom when cycads and conifers
predominated over all kinds of plants, except the ferns, so far at least
as our present imperfect knowledge of fossil botany entitles us to speak.

The annexed table will enable the "reader to see at a glance how con
spicuous a part, numerically considered, the m:imnnmlian species of the
Middle Purbeek now play when compared with those of other forma
tions more ancient than the Paris gypsum, and at the same time it
will help him to appreciate the enormous hiatus in the history of fossil
mammahia, which at present occurs between the Purbeck and Eocene
Periods.*
o In drawing up this table I have lften assisted by Professor Owen, in refer

ence to the British, and by MM. Lartet and H6bert in reference to the fossil
xnammalja of the French Eocene strata. There are, besides, several undescribcd
species in the collection of the two lost-mentioned paleontologists, or inmu-seumsknown to thorn; and in regard to one or two of the Eocene continental
localities out of the Paris basin, the age of the deposits is too little known to
allow us to include their fossils In the Table.
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.Number and Distribution of all the known Species of Fossil Mamma
ha from Strata older than the Paris Gypsum, or than the .Bembridqe
Series of the Isle of Wight.

TERTIARY.

SECONDARY.

PRIMARY.




Headon Series and Beds between the,,
Paris Gypsum and the Grès do Beau
champ .................................................

Barton Clay and Sables de Beaucliainp..
Bagshot Beds, Calcairo Grossier, and
Upper Soissoinitis of Cuisse-Lainottc.

London Clay, including the Kyso Sand..
Plastic Clay and Lignite .............................

Sables dc Bracheux ................................
Thanet Sands and Lower IAuLdenian of L
Belgium.................................................

Mtestricht Chalk.........................................
White Chalk ..............................................
Chalk Marl .............................................
Upper Green Sand..................................
Gault ..........................................................
Lower Green Sand .....................................
Weald Clay, &c ..........................................
Hastings Sand .........................................
Upper Purbeck Oolite ................................
Middle Purbeck Oolite...........................
Lower Purbeck Oulito................................
Portland Oolite ..........................................
Kimmeritlge Clay.......................................
Coral Rug ....................................................
Oxford Clay .............................................
Great Oolite ............................................
Inferior Oolite ............................................
Lias .........................................................

Upper Trias..................................................

Middle ....................................................
L Lower ......................................................
Permian ..............................
Carboniferous..........................
Silurian ...................................................
Cambrian................................................




14 10 English.
4 French.

0
r 10 French.

20 .1 1 English.
u U. States.°

7 All English.
7 French.

1 'English.
1 Freuch.f
0

0
0
0
0
0
0
0
0
0
14 Eng. (Purbeck).

0
0
0
0
4 Eng. (Stonesfield).
0
0
1 J Wirtemberg

1 (Stuttgardt).

0
0
0
0
0

After what has been said at the close of the 27th chapter, pp. 457,

459, and at p. 402, cli. xxv., I have little to add in regard to the bear

ing of these discoveries in Purbeck on some geological theories hastily
embraced, in favor of the non-existence or scarcity, at particular periods,
of certain classes of air-breathing animals, on the ground of our not

happening at present to have met with any fossil representatives of the

same. It is worthy, however, of notice, that in the Hastings Sands

there are certain layers of clay and sandstone in which numerous foot

prints of quadrupeds have been found by Mr. Beckles, and traced by

o i allude to several Zeuglodons found in Alabama, and referred by some

zoologists to three species.
t The Sables do Jjracheux, although somewhat older than the Plastic clay are

supposed by Mr. Pietwich to be newer than the Tlianct Sands. They havo

yielded (It La F6rc the Arctoeyon (1'ahrocion) priniwvus, the oldest known tertiary

iiminmnul.
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him in the same set of rocks through Sussex and the Isle of Wight.

They appear to belong to 3 or 4 species of reptiles, but no one of them

to any warm-blooded quadruped. They ought, therefore, to serve as a

warning to us, when we fail in like manner to detect mammalian foot

prints in older rocks (such as the New Red Sandstone), to refrain from

inferring that quadrupeds, other than reptilian, did not exist or pre-exist.

But the most instructive lesson read to us by the PLirbeck strata con

sists in this :-Tliey are all, with the exception of a few intercalated

brackish and marine layers, of fresh water-origin; they are 160 feet in

thickness, have been well searched by skilful collectors, and by the late

Edward Forbes in particular, who studied them for months

consecu-tively.They have been numbered, and the contents of each stratum

recorded separately, by the officers of the Government Survey of Great

Britain. They have been divided into three distinct groups by Forbes,

each characterized by the same genera of pulmoniferous inollusca and

cyprides, but these genera being represented in each group by different

species; they have yielded insects of many orders, and the fruits of

several plants; and lastly, they contain "dirt beds," or old terrestrial

surfaces and soils at different levels, in. some of which erect trunks and

stumps of cycads and conilrs, with their roots still attached to them,

are preserved. Yet when the geologist inquires if any land animals of

a higher grade than reptiles lived during any one of these three periods,
the rocks are all silent, save one thin layer a few inches in thickness,
and this single page of the earth's history suddenly reveals to us in a
few weeks the memorials of so many species of fossil manimalia, that

they already outnumber those of many a subdivision of the tertiary
series, and far surpass those of all the other secondary rocks put to

gether!
It is remarked by Professor Owen that many of the Purbeck Insec

tivora belong to the same natural family as those of Stonesfield. Some
at least of them were Marsupials, and Dr. Falconer has pointed out
that the Plagiaulax of Purbeck, an herbivorous marsupial, was so much
allied to the .aficrolesies of time Trias as to lead us to infer that that
more ancient mammifer was likewise a pouched quadruped, having some

affinity to the living Kangaroo-rat..
In Australia and the neighboring islands about 100 specks of mar

supials exist, together with a certain number of placentals (bats and
rodents), while the fossil species of that continent show that kangaroos,
wombats, Tasmanian wolves (or Thylacines), dasyures, and other mar
supials of species now extinct, preceded the present creation. Although
the localities of Stuttgardt, Stonesficici, and Purbeck, do not relate to
an area larger than the middle island of New Zealand, yet there may
have prevailed, during the Oolitic period, throughout a much wider
space in European latitudes, certain geographical and chimatal condi
tions and a peculiar vegetation, favorable to a fauna more analogous to
that of the present Antipodes than to that of modern Europe. Duringthe Upper Triassic, the Liassic, and Ouhitic epochs, one assemblage of
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such quadrupeds may have succeeded to another, until at a later era,

and after the interval marked by the Wealden and Cretaceous rocks,

another and a different geographical state of things being established,

the tertiary mammalia of Europe entered on the stage and occupied the

same area.
The advocates, however, of the doctrine of progressive development

will offer a different explanation of the phenomena. They will iefer the

large admixture of marsupials in the Stonesfield and Purbeck fauna to

chronological rather than to climatal conditions,-to the ago of the

planet rather than to the. state of a portion of its dry land. In the

Triassic and Oolitic periods they will say the time had not yet come

for the creation or development of more highly organized beings. Ex

perience must test and determine the soundness of these theoretical

views. In the mean while it may be useful to bear in mind, that while

Australia supports at present 100 species of marsupials, the rest of the

continents and islands of the globe are tenanted by about 1,'100 species
of mammalia, of which only 46 are marsupials (namely, the opossums
of North and South America), and in like manner there flourished in

the Pliocene period throughout Europe, Asia, and America, so far as we

yet know, a placental fauna, consisting of species now for the most part
extinct, which was coeval with the extinct Pliocene marsupials of Aus

tralia. Such facts, although far to limited to enable us to generalize
with confidence, seem rather to imply that at certain periods of the

past, as in our own days, the predominance of certain families of terres

trial mammalia has had more to do with conditions of space than of

time; or in other words, has been more governed by geographical cir

cumstances than by a law of successive development of higher and

higher grades of organization, in proportion as the planet grew older.

DISCOVERY OF MAMMALIAN REMAINS IN ROCKS OF HIGH ANTIQUITY
IN NORTH CAROLINA, UNITED STATES.

ALTHOUGH only six weeks have elapsed since the foregoing remarks on

the Purbeek mammals appeared in the first edition of this Supplement,
a remarkable addition has already been made during this short interval

to our knowledge of the ancient geographical range of Secondary
Mammalia. Dr. Emmons, in the newly published volume of his "Amer

ican Geology" (Part VI. p. 93), announces that last year (1856) he

met with three lower jaws of an insectivorous mammal in the Chatham

Coal-field in North Carolina. He has given a figure of the outside of

the ramus of one of these jaws, nine-tenths of an inch in length, con

taining ten molars in a continuous series, one canine, and three incisors.

The three posterior molars are tricuspid, as in Spaiacot1tcriurn.; the

four next, multicuspid; and the three anterior ones are simple, conical,
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and slender. The incisors are separated, as in PlLascolotlicrium,-a

marsupial characteristic. The structural form of the jaw, according to

Dr. Emmons's figure, shows some points of analogy with Si.wzlacollzeriuni,

and some of difference.

Dr. Emmons has named the fossil Dromatizeriuni sylvestre. He refers

the strata in which it was entombed to the Permian period, chiefly be

cause they contain the remains of Thecodont Saurians; but, as fossil

species of this family of reptiles have been met with in the Upper Trias

of Wirtemberg, we cannot lay much stress on this argument.. This fossil

may at least claim an antiquity equal to that of the Richmond coal-field,

in Virginia, described in the text, at. p. 330. If so, the Droniatheriuni

would belong to the lower part of the jurassic series, older than the

Stonesfield Slate; and therefore it must be regarded as one of the most

ancient representatives of the mammalian class yet discovered.

UPPER TRIAS OF THE EASTERN ALPS (p. 333).

Recognition of a Marine equivalent of the Upper Ti-ins in the Au tvian Alps
True position of the St. Cassian and Hallstatt Beds-800 new species of triassic
Mollusca and Radiata-Links thus supplied for connecting the Pa1aozoic and
Ncozoic faunas.

THE true position in the series of certain Alpine rocks called "the St.
Cassian beds" has long been a subject of doubt and discussion, but the
researches of many eminent geologists, among others MM. Von Buch,
E. de Beaumont, Murchison, and Sedgwick, and in Switzerland, MM.
Escher and Merian, and more lately in Austria, MM. Von Haney, Suess,
and Homes, have shown that these rocks are unquestionably referable
to the Keuper or Upper Trias. It has also been proved that the Hall
statt beds on the northern flanks of the Austrian Alps correspond in age
with the St. Cassian beds on their southern declivity. By these discov
eries we become acquainted, suddenly and unexpectedly, with a rich.
marine fauna belonging to a period previously believed to be very barren
of organic remains, because in England, France, and Northern Germany,
the Upper Trias is chiefly represented by beds of fresh or brackish
water origin. Mr. Edward Suess, of Vienna, to whom we are indebted
for several memoirs on the rocks in question, has favored me with the
fohl&ving summary of the order of ucccssion of the Hallstatt beds in
the Austrian Alps, which I had an opportunity, when travelling in the
autumn of 1856, of verifying in company with Mr. Gümbel of Munich.
The uppermost strata first enumerated immediately underlie the

Lower Lias of the Swabian Jura. This has is represented near Vienna
by a brown limestone, containing Ammonites Bucldaudj, A. Conybearii, &c.
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Iifia-tiassic(?) Strata of the Austrian Alps, in descending Order.

Gray and black limestone with calcareous mans,
1 oesscn beds. having a thickness of about 50 feet. Among

St. I
the fossils, Brachiopocla very numerous;(Synonyms, Upper some

Cassiau beds of Esclicr and i
few species common to the genuine Lias; many

Merian; Upper. Tnias?
intermediate between

or peculiar. Aa'icida contorta, Pcclen Valoniensjs,
c'ardnim R/,wlicwn, Avicula inuiraZvis, Spirf/erLias I

and Trias?) Mü,:(erj Day. Strata containing the above
fossils alternate with the Dachstein beds, lyingnext below.

White or grayish limestone, often in beds 3 or 4
feet thick. Total thickness of the formation

2. Dachsteiu beds, o 2000 feet. Upper part fossiliferous, with
between Lias and Trias ? some strata composed of corals. (Lilhiodendron.)Lower portion without fossils. Among the

Characteristic shells are fleznicardjuni 1 'uferii,
Jk(/czlo(lon (ri2uclcr, and other large bivalves.

fled, pink, or white marble, from 800 to 1000

[

feet in thickness, containing more than 800
3. Hallstatt beds species of marine fossils, for the most part inol-

(or St Cassian). Upper lusca. Many species of Or1/ioc'ras. True Am-
Trias. moni(cs, besides Cera(i(e3 and (/oniahifr3, Bdcninitc.s

(rare), l'orcellia, f'leuro(onzarza, Trochius, Monotis
salinaria, &c.

A. Black and gray limestone'
4.A. Guttenstein beds. 150 feet thick, alternating Among the fossils are.13. Werfen beds, with the underlying Wer- I Ceralites cassiaiws, .,1bja-base of Upper 1

Trias? Lower Trias I
fen beds. citesfassacnsis, NalicdllaB. lied and green shale and I

of some geologists. sandstone with Salt and I
costata, &C.

, Gypsum. J

III regard to the age of the rocks above mentioned, the Koessen and
Dachstcin beds are referred by some to the Lias, by others to the Trias,

while many consider them to be of intermediate date. According to

Mr. Suess, the Koesseu beds correspond to the upper bone-bed of Swabia,

in winch the Aficrolcstcs was found (see p. 341), but it should not be

forgotten that that stratum contains true triassic species of reptiles and

fish. On the whole, the beds 1 and 2 contain a very peculiar faua,

and Mr. Sness remarks that some of the fossils are identical vith the

Irish "Portrush beds" of Colonel Portloek, described in his Report on

Londonderry. The Koessen beds have been traced for 100 geographi
cal miles from near Geneva to the cnirons of Vienna.

Whatever doubts may be entertained respecting the exact age of the

beds Nos. 1 and 2, there is now no longer any dispute that the llallsttt

and St. Cassian beds agree in ago with the Keuper or Upper Trias; but

whether the WTerfcn sandstone, No. 4, should form part of the same

series, or, as Von ilnuer inclines to believe, should be classed as the

equivalent of "the Bunter or Lower Trias," is still undetermined. The

absence of well-characterized Mnschclkalk fossils in the Austrian Alps

renders this point very difficult to decide. Rich deposits of salt, asso

ciated with the WTCII'en beds, incline some geologists to presume that

they belong to the Upper Trias. Should they be classed as "Bunter,"

the Gutteiistcin limestone would then correspond in position with the

Muselielkalk, but no Museiwikalk 6).-AS have ever been met with in it



662 s. CASSIAN BEDS.

or in the Werfen; while, on the other hand, the true Musehelkalk is

known to exist in the Italian Alps and in Hungary, so that all doubts

on this question must very soon be removed.

Among the 800 species of fossils of the Hallstatt and St. Cassian beds,

many are still undescribed; some are of new and peculiar genera, as

Scoliostornci, fig. 4, and Flatystoma, fig. 5, among the Gasteropoda;

and Koninckia, fig. 6, among the Brachiopoda.

Fig. 4. Fig.5.

~.If
ItLL




PlalziojçomaSueuU
From Hailstatt.

.S'colio8tonlcl, S. Casslan.

Fig. 6.

b ( 1

Eoninc.ia Leonliardi, Wissmnnn.
a. Dorsal view, natural size.
1,. Ventral view, part of the converse ventral valve removed to show the Interior of dorsal

valve and its vascular impressions. One of the spiral processes Is seen through the
translucent shell.

c. Section ofboth valves.
d. Interior ofdorsal valve, with spiral processes restored. (Suoss.)

The following table of genera of marine shells from the Hallstntt and
St. Cassian beds, drawn up on the joint authority of MM. Suess and
Woodward, shows how many connecting links between the fauna of

primary and secondary rocks are now supplied by the Upper 'rias.

Genera of Fossil .3folluca in the St. C'assian and Hallstatt Beds.
Common to Older Rocks. I Charactaristlo Triasslo Genera. I Common to Newer Rocks.
Cyrtoceras. Ceratites. Ammonites.
Orthoceras. Scoliostoma (or CbclI- °Bolemnites.
Goniatites. Zearia). °Nerinnm.
°Loxonema. Naticdlla. Opis.
°Holapolla. Platystoma. Cardita.
Murchisonia.
Euomphaus.

Isoarca. Trigonia.

PorceUia. Pleurophorus. Myoconchus.

°Megalodon.
Myophoria.
Monotis.

Ostca. 1
Plicatula.

Cyrtia. Koninekia. Thecidium.
The genera, marked by an asterisk are given on the authority of Mr. Suess, the

rest on that of Mr. 'Wooclward from fossils of the St. Casslan rocks In the British
Museum.
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The first column marks the last appearance of several genera which
are characteristic of Paleozoic strata. The second shows those genera
which are characteristic of the Upper Trias, either as peculiar to it or
as reaching their maximum of development at this era. The third col
umn marks the first appearance of genera destined to become more
abundant in later ages.
As the Orthoceras has never been met, with in the marine Musehel

kalk, much surprise was naturally felt at first when '7 or 8 species of the
genus were detected in the ilallstatt beds. Among them are some of
large dimensions, associated with large Ammonites with foliated lobes, a
form never seen before so low in the series, while the orthoceras had
never been seen so high; although the latter genus has since been met
with in the Adnet, or Lower Lias strata of Austria. We can now no
longer doubt that, should we hereafter have an opportunity of studying
an equally rich marine fauna of the ago of the Bunter sandstone or
Lower Trias, the great discordance between Paleozoic and Neozoic forms
would almost disappear, and the distance in time between the Permian
and Triassic eras would be very much lessened in the estimate of every
geologist.

ON THE SUPPOSED EVIDENCE OF PIIiESOGAMOUS PLANTS (,NOT GYMNO
SPERMS) IN THE COAL FORMATION (p. 371).

IT has been questioned whether hitherto the botanist has obtained
from strata older than the Wcalden a single well-determined specimen
of any flowering plants except Gymnosperms, such as Conifers and Cy
cads. Hence some imagine that the most highly organized structures
of the vegetable kingdom were first created or developed in geological
periods comparatively modern, although the anthohite of the coal (of
which a figure is given at p. 371) was classed by Lindley, so long ago
as 1835, as allied to the Bromeliacee. Mr. Charles Bunbury called

my attention lately to an antholito in his collection from the Newcastle

coal-field, which he compared to Autliolyza, an Irideous genus, and on

which Dr. Hooker, to whom I have shown it, has sent me the follow

ing remarks.




"Kew, Feb. 18, 1857.

"After a careful examination of the beautiful specimen of Ant/tolilhcs

Pi1cairnk which you have placed in my hands, I have no hesitation in

withdrawing the opinion which I formerly expressed to YOU (Manual,
5th ed., p. 371) of the possible coniferous relation of the genus Aniho

Wlzcs. All the specimens I had previously examined were very imper
fect, and suggested to me the possibility of the so-called flowers being
tufts of young leaves like those of the larch. In the specimen now be

fore me, these organs are far more perfect, and confirm (as positively as

such matcil;ils can) Limmdk"'s idea that 4 n(/wlil/ies is the spike of a very
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highly-organized flowering plant in full flower. The specimen, as you

are aware, presents no structure; it is an impression, and therefore I can

only judge of its possible affinities from appearances. Now, there is

nothing whatever known amongst Cryptogamic plants having the most

remote resemblance to this Antholithes, nor amongst Gymuospermous

Phcuogams, but there are, both amongst Monocotyledons and Dico

tyledous, genera to which it may plausibly be compared. I allude in

the former class to genera of Bronicliacear, Scilainincar, and Orc1Lide;

in the latter to Labiatw, Lobeliacew, and some others. Upon the whole,

the resemblance is strongest to Bromeliacew, amongst which the genus

Pitcairnia is ranked, and which suggested the specific name to Liudley."

Another autliolite, apparently of a diflrcut species, found by Mr.

Prcstwich in the coal strata of Coalbrook Dale, and described by Mr.

Morris under the name of 1nthoiitcs anonialus, is figured in the Trans

actions of thc.Gcological Society of London (2d ser., vol. 5, 1)1. xxxviii.

fig. 5). It is quite unlike any thing known in the Gymnospermous or

Cryptogamous classes, and greatly resembles, in what is supposed to be

the evolution of its floral organs, the ordinary plucnogamous type.
Nevertheless, as both Mr. Robert Brown and Dr. Hooker still regard
certain terminal appendages belonging to it as enigmatical, we cannot

declare that the affinities of this curious genus are yet made out.

SILURIAN AND CAMBRIAN ROCKS, AND M. LRRANDE'S THEORY

OF COLONIES.

SINCE I alluded in the text (p. 441) to M. Barrande's discoveries in
Bohemia, in reference to the Paleozoic rocks, I have enjoyed, during
the summer of 1850, the high privilege of visiting in his company the
field of his sucessfu1 labors near Prague, of observing the order and
succession of the rocks as interpreted by him, and of inspecting the vast
collections which he has accumulated in the course of more than twenty
years. These stores are comparable in number and importance rather
to the results of a Government survey than to the acquisitions of a pri
vate individual. More than 1500 species of fossil invertebrata, previously
unknown, with the exception of a few of the Brachiopoda, and all be

longing to strata older than the Devoninu,have rewarded his ski'lful search.
M. Barrande has shown, in a recent treatise, that. the fauna called by

him primordial, a fauna contemporaneous in (late with the Cambrian
rocks of Great Britain, was also coeval with the fossils of the Alum
Schists, and hiinestons of Sweden, so well described by. M. Angelin.
In both countries, this fauna, the most ancient yet known, consists
almost exclusively of trilobites, scarce any progress having yet been
made in bringing to light any inollusca and echinoderins of the same
period. Enough, however, hi:is been done to show that distinct natut'al
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history provinces existed at those very remote times in Scandinavia,
Bohemia, England, and the United States.

Of Trilobites, 27 species have been found in Bohemia in these "pri_
pri-mordial" beds, '71 in Scandinavia, 12 in America, and 10 in England, all
referable to the same group of genera, but not one in a hundred of the

species being common to the different areas. The doctrine of the uni

versality of a primeval fauna, once so popular, is thus completely, and
forever overthrown. if it still lingers in the minds of some paleontolo
gists, it is probably because of the wide range of certain plants of the
carboniferous era. But besides that every day demonstrates this case to
be exceptional, it has also become more and more evident that the appar
ent anomaly is caused partly by the predominance in that ancient flora
of ferns and Lvcopodiacea, orders of which the living species are dif
fused over as wide a space, and partly by the abundance. of plants like
the SigilIaria, of which there are no living analogues. There is no

proof that the coiiilrce of the carboniferous era had a more extensive

range than the living species of the same class.
Not only in the earliest known palCOzoic epoch has M. Barrande now

shown that distinct assemblages of species inhabited separate regions,
but' also that the same law prevailed in as marked a degree during the
times of his second and third faunas, or when rocks of the age of the
Lower and Upper Silurian of England were formed. At these periods,
not only peculiar species of Crustaceans, but Cephalopods also, and
other mollusks, as well as corals, flourished; one set in Bohemia, an
other in Scandinavia, and others in the several great regions before
enumerated; in a word, wherever these ancient strata have been care

fully studied.

But if separate portions of the. earth have at every former era been

simultaneously peopled by distinct sets of marine species, owing to
variations in climate, in the depth of the sea, the mineral nature of its
bottom, or by reason of the position of continents and the larger islands,

and many oilier conditions in the organic and inorganic worlds, there
must at every former period have been points where distinct zoological

provinces were parted from each other by abrupt and narrow barriers,

resembling the Isthmus of Suez or the Isthmus of Panama. It is well

known that a distinct marine fauna now prevails on each side of those

narrow belts of land, and it is evident that a slight subsidence of the

earth's crust, to the amount of only a few hundred feet, could cause one

host of species to invade the territory of another; and it might, there

fore, have naturally been asked, whether there. are any signs of such

I nva.sions han rig been effected during those reiterated upheavals and

subsidences to which geology bears testimony. M. Barran(lo has fur

rushed us with a distinct and satisfactory answer to this question, for he

has detected near the upper limits of the Lower Silurian strata of Bohe

mia (in his étaq .D.) ,in intercalated and lenticul;tr-sliapo'.l mass of fos

sililerous rock, containing organic remains, almost all of them, speci

c;thIy identical with fossils found in the overlying Upper Silurian
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deposits. To this intrusive fauna be has given the name of "a colony,"

a name somewhat ambiguous, perhaps, yet which faithfully expresses

one part of his theory, namely, that we have bore an exemplification of

a contemporaneous fauna, nearly allied to his third fauna E, or the

Upper Silurian, which during the deposition of the strata 1), obtained

for a time a settlement within the Bohemian area, and was afterwards

expelled, to reappear, after a lapse of ages, under a slightly altered

aspect. The following is a copy of the section by which M. l3ai'rande

illustrates this doctrine of colonies, which, so far as relates to the geo

logical sequence and position of the rocks, I have verified on the spot.

Section through the basin-shaped Silurian Strata of the Centre ~f
Bolicm'ia.-Barranr1e.

Fig. 7.
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di Z2 \da dj
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D. Lower Silurian, with fossils of the 2d fauna of &rrande, coeval with Liandello hugs of
Murchison.

d 1 to d 5. Subdivision of thu same.
E 1. Colony or intercalated beds, with fossils specifically Identical, for thu most part, with

those of E 2.
E2.'




Subdivisions of the Upper Silurian, with fossils of the 3d fauna of Barrande.
IL)




t. Trap of contemporaneous origin with E 2, and of which some also occur in the
deposit E 1.

It will be seen that the colony styled E b M. Barrande, but which I shall
call E 1, occurs in the midst of the strata ci 4, one of the subdivisions
of D, so designated by Barrande. The fauna proper to E 1 contains
as may as 65 species, five of them peculiar, or not known elsewhere;
two common to the fauna of ci 4, in which they are intercalated; and
the remaining 58 common to the base of Barrande's third or Upper
Silurian fauna, which I have designated as E 2.
The late Edward Forbes, when commenting on this doctrine of colo

nies, observed that if accepted it would materially affect the value of
the evidence of organic remains, as determining the age and sequence
of geological formations, since the proposition involves the introduction
of a group of species that experience jias shown normally to belong to
a later and distinct formation, not merely among and mixed with the
fauna of, an earlier stage, but amid and separate from that fauna.* Pro
fessor Forbes, therefore, while expressing the highest admiration of M. Bar
rande's talents and labors, questions the accuracy of his geological facts,
remarking "that in a disturbed Silurian country where the strata lie at

Quart. Geol. Journ., 1854, vol. x. p. xxxiv.
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very high angles, and where there are probably convolutions and con
tortions of the beds, there may be such. overturns as would cause the

appearance of strata containing newer fossils to lie under and amid
those containing older ones." But had mylate friend 'visited the neigh
borhood of Prague, he would have learnt that the strata there are not in

a state of Alpine confusion, and he would readily have convinced himself
that so able an observer as M. Barrande had not been in any way deceived.
In fact., the order of superposition is not obscure; and besides, there is
one spot in the suburbs of Prague which I examined, where the inter
calated colonial formation E 1 is reduced in thickness to 6 inches, and
where nevertheless it is quite distinguishable by its organic contents,

although, as we might have anticipated, there occurs here a slight
blending of the distinct faunas, two species of d 4 being associated with
a great number of the characteristic fossils of E 1.
How, then, are we to explain the phenomena? The facts themselves

seem to have been very generally misunderstood, partly, perhaps, in con

sequence of the use of the term "colony ;" partly for want of distinct
names for the two periods, or subdivisions of time, E 1 and E 1.). The
facts, indeed, themselves are by no means simple, since they relate, first.,
to the alternate colonization of a certain area by two distinct nations of

species; secondly, to a continual change of character undergone by
each of the contemporaneous nations, in consequence of the (lying out

of 01(1 species and the births or first appearances of new ones. M. Bar
rande has been treated very much as an antiquary would be should he

pretend to have found monumental evidence of an Anglo-Saxon colony
established on Roman ground in the clays of the Emperor Justinian;

whereas, there is really no such anachronism in the palcontological
facts, as exhibited in Bohemia, and as described by the author of the

"Colonial" theory. He simply tells us, in regard to the colony E 1,

that out of 63 species, 5 are peculiar to it where it is in its full

strength,-in other words, there is a difference between the species of

E 1 and of E 2, amounting to about 8 or 9 per cent., indicating a change of

no less than one-twelfth of the whole fauna in the interval between E 1

and E 2, to say nothing of such discordance as would certainly be found

to exist when the rarity of particular species of the first period came to

be contrasted with their abundance in E 2, and vice vcrth.

Before a geologist is entitled to regard this case as abnormal, or not

in harmony with the laws known to have governed the fluctuations of

the organic world in bygone ages, lie must show that the fauna called

D underwent much greater alterations than (lid the fauna of the mother

country of E 1 and E 2 in the interval of time between the deposit E 1

and that called E 2,-in oilier words, he ought to show that more than

a twelfth of the species of D died out, and more than 8 or 9 in 100 of

new species came in, in the interval separating d 4 and 115. Now, so

far as I have learnt from M. Barrande, no details have as yet been ascer

tained respecting the fossils of these two subdivisions snfhcieiitly minute

to entitle any one to infer that the rate of fluctuation of the two faunas,
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within the period alluded to, was very unequal. In the course of the

interval between E 1 and E 2, strata of micaccous shale and sandstone

of the system D, more than 3,000 feet thick, were deposited ; and dur

ing the accumulation of this immense mass of rock some species dis

appeared, while many survived and are common to d 4 and (15 ; other

fossils being peculiar to each of those subdivisions respectively.

Trap rocks accompany the "Colonial beds" E 1, and are decidedly

of contemporaneous origin. Occasionally an orthoceras may be seen

involved in the greenstone, while pebbles and angular fragments of trap

are intermixed with the fossils of the colony.

Again, there are other intrusions of similar igneous rocks at the base

of E 2, and M. Barraudcivith good reason appeals to these volcanic

appearances as lending support to his hypothesis of former changes of

level, by which a barrier of land may have been lowered for a time so

as to allow currents of salt-water flowing from the northeast to intro

duce the fauna E 1 into the region previously occupied by D ; and a

recurrence, lie remarks, of similar oscillations may afterwards have

caused the retreat of the colonists, as well as the subsequent return of

most of them when the fauna E 2 obtained its permanent footing in

Bohemia. Warm currents, like the Gulf Stream, pouring into a colder

sea, might carry with them a whole assemblage of species fitted for a

more elevated temperature, and capable of superseding the natives of a

colder sea, while colder currents invading a warmer sea might give rise

to analogous phenomena. In each case along the edges of the space
thus colonized, some members of the old native fauna might maintain
their ground against the new-corners; and this may explain why, when
the deposit E 1 thins out to a few inches, some species of D are inter

mingled with those of B 1.
It may be useful to add that in B 2 (a calcareous formation only 500

feet in thickness), no less than 000 species of fossil invertebrata have
been found by M. Bairande. This set of strata passes upwards into F,
and this again into 0, and 0 into H, each having, at the point of con
tact, so ninny species in common, that M. Barrandc .has. thought it

necessary to regard the whole as one system; yet such is the aggregate
result of continual changes, that when the two extremes of the series
are contrasted, there is only 1 per cent, common to B 2 and H.

Many important conclusions will follow if we admit the accuracy of
the facts and reasonings above set forth. M. Bairande has himself
remarked, that, before his discoveries were made, a geologist, finding in
some part of Europe to the northeast of Prague, rocks characterized by
the fossils of B 1, would certainly have regarded then as Upper Silu
rian, instead of assigning them to their true era, viz. that of D or the
Lower Silurian. On the other hand, if the fauna D, after it was locally
exterminated in the region of Prague, still continued to flourish else
where under a slightly modified form which might, in accordance with
M. Barrande's nomenclature, be styled d 0-such a fauna might cer
tainly be mistaken for one of Lower Silurian date, although, in truth,
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contemporaneous with strata generally classed by geologists as Upper
Silurian.

The imagination may well take alarm at the confusion which we may
expect to encounter in settling sundry questions of Geological chronol

ogy, when we have to deal with ancient deposits found on the frontiers
of distinct Natural History provinces. But it is consolatory to reflect
that all this ambiguity will arise out of the strict agreement prevailing
between the present and ancient condition of the globe, and the laws

governing the changes of its surface, whether they be those of the ani
mate or inanimate world. So long as we feel sure that in existing na
ture we have a'keyfor interpreting the mysteries of the past, we need
never despair; whereas, had the causes acting in the remoter ages differ
ed either in kind or degree from those now operating, our science must
forever have continued one of mere conjecture and ingenious speculation.

ANTIQUITY OF FOSSIL BIRDS (p. 456).

SINcE the table printed at p. 456 was compiled (in 1854), the records
of this great class of Vertebrata can be carried back somewhat farther
in time, or one step lower down in the Tertiary series. Early in 1855

the tibia and femur of a large bird equalling at least the ostrich in size

were found at Meudon near Paris, at the base of the Plastic clay. This

bird, to which the name of Gastornis Farisiensis has been assigned, ap

peal's, from the Memoirs of MM. Hébert, Lartet, and Owen, to belong to

an extinct genus. Professor Owen refers it to the class of wading land-

birds rather than to an aquatic species.*
That a formation so much explored for economical purposes as the

Ai'gile Plastique around Paris, and the clays and sands of corresponding

age near London, should never have afforded any vestige of a feathered

biped previously to the year 1855, shows what diligent search and what

skill in osteological interpretation are required before the existence of

birds of remote ages can be proved by more decisive evidence than their

supposed foot-prints.

0 Quart. Geol. Journ., vol. xii. p. 204, 1856.
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on ancient river-channels of coal-period,
895.

Buist, Dr. (i., on snltness of Red Sea, 845.
.Bulinsu eUiptkns. 209; .B lnbrlcu., 80.
Bunbury, Mr. 0. J. .F, on pltnts of oulitlo coal

field, 831; on fossil plants in Madeira, 015.
Bunsen, Prof., on palagoulte, 470.
Bunter-sandatein, 835.
Bupresti8? clytron of. In oollte, 809.
Burmolster, on trilobites, 441.
Burnes, Sir A., cited, 844.

CAIRO, excavations at, 3.
('ilamitei canflalfo,,n18. C. Suckowil, 864.
Calamites near Pictou, 875.
Cala,nite moe-end 364; iructuro of, 865.
Calanwpsyflia ratlsala, oolite, 805.
Calamodendron, 865.
Calcairo grossier, 220.

-. siliceux, 225.
Calcareous rocks, 12.
Caicarina rari.'cpi:ia. cocone, 227.
C'akeola Randaisna, Devonian, 424.
ahlcleugh. Mr., cited, 521.

Caldera ofPalms, 494 to 508.
California, auriforous gravel of, 629.
Calyrneno Blunt cisbuc/di, Wenlock, 480.
Cambrian group, 447.

:::,.,rocks
fossiliferous beds of, 449.

rocks ofSweden, 451.
-. rocks of United States, 451.
-. volcanic rocks, 559.

Campagan dl Romp, tufts of, 580.
Ca,npophyiiumfieruoaun., Devonian, 403.
Canada, shells In drift of, 189.
Cantal, freshwater formation of, 204, 553.
- .., Igneous rocks of, 552.
C-pc Breton, coal-measures of, $90.
Cape 'Wrath, granite-veins In, 5138.
Caradoc sandstone, 437.
Carbonaceous shale, 812.
Carbonate of limo scarce in znotamorpblo rocks,

617.
.... In rocks, how tested, 12.
Carboniferous group, 858.

flora, 860, 870.
limestone of North America, 410.
period, platonic rocks or, 5313.
period, volcanic rocks of, 056.




- -. - reptiles, 896.
CardLarodon lteteroclon, tooth of, 215.
(.iard(ooarpoia. Ottonis, Permian, 8456.
Cardita QiOt.osa 218; C. plan (costa, 214..
Cardiumporulosurn, ooccne1 228.
Cardlurn dileslin lie, C strlatsdmn. 300.
Came, Mr., on Cornish lodos, 621, 622.
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Crirrarn marble, 591, 612.
(laryopitylila ca'Rpi(osa, bed of, In Sicily, 151
Castrogiovanni, bent strata near, 59.
Catalonia, volcanic region of, 531.
L'atenopora e.w1aroides, Wenlock, 433.
Call/ins Lanuzrckl, chalk 247.
('au1Opteri8pri;isva, coal, 361.
Cautley, Sir Proby, on Sowâilk hills, 182.
Caves In Europe, 160.

At Klrktlhle, 160.
" ... III Sicily, 1.M.

In Auscralia. 101.
Central France. Upper Eocene of, 194.
(J.p!u1a.pes L!IdIii, old red. 415.C'øratiles :wdosns, trlnssic, :334.
Cerit/ajum cinctuns, 8iP; C. concavuin, 211.

;;(ZF(1fl51 C. ptwatuns, 193; 0. inc/anoides,

('errus ulces. tooth of. 160.
('es(rtzcion. J'/aillippi (recent), jaw of, 240.
Chalk, or cretaceous beds. 286.

pinnacle of. near Sherringhnu; 134.
of Fnxue, 288.
white, fossIls of, 26, 215.

" ., white, section of, 230.
white, extent And origin of, 240.
white, animal origin of, 241.

" -.., pebbles in, 241.
"..., diirrcco of, In North and South Europe,252.

chill's, Inland, on Seine, 26S.
needles of, in Normandy, 269.
flints, bed of, near Barcmnbo, 2S6.

0/iansa sqtut:nosa, eoccne, 212.
Chambers, Mr., on Glen Roy, 88.
Cisamisso, cited, 242.
0/sara eiastka (recent), C. inedicagtnula, 32;C tuberoulata, 2(19.
Chara, In freshwater strata. 31,

In flints of Cantal, 2(55.
In Eoecn'e strata ofFrance, 104.
In l'urbeck beds, 295.

Chnrleswnrtli, Mr. B., on Crag, 16$.
- ..., on Stonesflold inaminlfer, 4457.
Chiarpentier, M., on Alpine glaciers, 140, 149.
C/u4rotlaerium, footprints of, 337, 897.
Clielonian, footsteps of, .113.
Chemical and mechanical deposits, 83.
Clsiastoiitc.slute, 590.
Chill, earthquake In 61.
" - .., gold-mines in, 468.
Chiloc, rocks drifted from Andes to, 150.
CVz fincers inonetrosa (recent), $22.
Chloritcschist, 8, 5S9.
Christinnia, dike near, 479.
" . .., passage of granite into trap-rocks at, 564.
- . .., granite near, 570.
" .., gneiss near, 570.

" .., Intrusion of granite Into beds near, 570.
Chronological groups, 102.
.... table offlssili5rous strata, 104.
Cidarls corona(a, coral-rag, $03.
Cinder-bed, Purbcck, 293.
Cladocoma 81el/aria, pllocono, 157.
Classification of rocks and strata, 2, 10, 104.
Claiborne, marine shells of, 232.
Ciausei. Mr., onJJrnzIl caves, 164.
0/ansi/la bidens, Rhino valley, 80.
('lavulina corrugcitct, coceno, '227.
Clay, defined, 11.
Clay-slate, 8, 589.
Clay-ironstone, 886.
Clays, plastic, 219.
Cleavage of rocks, 601. 604.
Climate of drift-period, 145.

of coal-period, $95.
Cllnkstone, or phonolito 472.
Clinton .roup, Silurlan, 'United Stabs, 445,
ClynLess sa ZlnearLs, Devonian, 421.
Coal, at Brownsville Pennsylvania, viowof, 8S
- .., conversIon of lignik Into 394.
" ..., how formed. 37.2.

Insects In, 3,M.
" - .. inoasures, 839, 850.

43
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Coal mine, near Lyons, 874.
Nova Scotia, thno required for Its growth,

883.
" . .., oolitic at Brorn, 314.

period, climate of, 895.
pipes, dtmgr of, 373.
seams, continuity of, 394.
strata, footprints of reptiles in, 897.

" . .., zlgzng flexures of, near Mous, 53.
Coal-field at Burdieliouse, $SO.

oolitle. of Jilelimomi, VIrginia, $30.
of Asliby-doinZoIICli. 69.

.... of Yorkshire, fossils of, 890. .
United States, diagram of,

Cosibrook Dale, beetles in coat of, 3S5.
...., fossil cones in, 863.

coalmexisures of, 585.
faults In, 62.

C'ocFZioduR contortu, teeth of, .109.
oekfleld Fell, rocks altered by dikes, 481.

Ctrlacant/ws granulatu. scab or, 354.
rlor/iync/tw1, sword of, 215.

Colchester, Mr., on inalnululla at Kyson, 219.
Color in shells of iiionntnln.litnestoiie, 496.
Columbia, Vinegar River of, 224.
C,ine, ravine in lava of, 559.
Concretionary structure, 87.
Condensation of rock-nmterial, 88.
(i1z8 ofa pine, Purbeek, 800.
Cones in Viii di Noto, 488.

and craters, 461.
and craters, absence of, In England, 0.

Conglomerate, or pudding-stone, 11, 47.
doiomltie1 354.

Coniferous trees. fossil, 369.
Connecticut., valley of the. 346.

beds, antiquity of, 810.
Conrad, Mr., on cretaceous rocks, 255.
Consolidation of strata, 81.
(onocepiLalu8 th'ia(us, Cambrian, 450.
Con ularta ornata, Devonian, 423.
('on 118 (i(perdI(us, cocone. 210.
Conybeare, Mr., cited, 64, 69, 273, 318.

on Plesiosaurus, 321.
.., on oolite and His, 329.

...., on term l'oikilitic1 832.
on crocodiles, 217.

Cook, Capt., on Fucusggantcus 0(9
OoproZik in chalk




, _..".
Corallino Crag, fossils in, 170.
Coral Islands and reefs, 81, 46.

ra of oolite, 802.
Corals, Devonian, geographical distribution of,

428.
of Dovonian system, 422.

Corals of Devonian strata in United States, 427.
In Wenlock formation, 435.

Corals, neo:oio type q!, 403.
paleo:olu type (!j 403.

Jorbala alata, Purbeek, 203.
7i8Urn, oocene, 193.

Corinth, corrosion of rocks by gases near, (51)5.
Cornbrash of low.r ooltto, 805.
Cornean, or aphanite, 472.
Cornwall, clay In, 19; granite-veins In, 569, 503.

mineral-veins in, 620, 022.
".., tin of, newer than Irish copper, 628.Cotta, Dr. B., on granite in Saxony, 598.

Crag, corallino, fossils in, 170.
..., comparison of falun and, ITT.
".., f1uvio.mnre, Norwich, 154.

Crags otsurn,lk, rod and coraflino, 110, 168.
Craigicith fossil trees, 40.

quarry, slanting tree in, 810.(?s'anhz, attached to Echln 118, 28.
Parls1ena8, chalk, 2.16.(?rt:a(eJj ulcata, cocene, 213.IY,.asRina Omaill, corniline crag, 171.Crater of Island ofSt. Paul. 500.Crces In coal-nulnes described, 52.(rednerla in quadersandstein, 200.Cretaceous rocks of Pyrenees, 519."... group, '234.

.. group, flora of, 205.




Cretaceous strata in South America and India,
255.

period, plutonic rocks of, 579.
volcanic rocks, 555.
rocks in United States, 25L

" ..., lower, 250.
Critiolds, Silurian, 436.
C'ri8telliwia rotulata, chalk, 26.
Crocodiles near Cuba, 325.
Oroizet, N., on Anvergno fossil miunmalia, 203.
Cromer, contorted drift near, 184.
Crop out, term explained, 55.




Crust of earth defined, 2.
" Crystalline limestone. 851.

" ... rocks, erroneously termed primitive, 9.
" .,. rocks, foliation of1 606 .
.... schists defined. 7.
Curral, valley in Madeira, how formed, 516.
Curved strata, 47, .19, 185.
Cutch, Runni of, :344.
Ciivier, N., on cocene formation, 222.
" . . ., on Ainphitherium, 811.
" . - ., on tertiary strata near Paris, 109.
"..., on fossils of Montmartre, 228, 224.
Cal1st'a laizea (recent), 36J.
(J.',atI isu& Boice,'ba:zR.ii, gaul t. 403.
Vf/a(Fioerinitesplan its, carbonlterous, 405.
('!/athocrin 118 Oct r!/nCrl?l Oide8, 405.
Cyat/tophyllum "Ile.uouu,n, .103; C. ea?spi(oaiim, 422; C. turbinatum, 435.
('yead.'oida iizialopFiylla, Purbcck, 290.
(Jycadites co,nptu.'i, oolite, 314.
CUc1a8 aninic,, 132; C. obocata, 29.
C!,clopteris f1itnrnlea, Devonian, 414.
Cyclopinu Islands in Sicily, 528.
Cyelcislon:a CbJf7'Iil8, l)lelStOCOIie, 80.
(Jylindrf(es acufu,q, ooiite, :ios.
yprau coccinelloides, red era, 170.

C7!,prides, Lower Purbecks, 206; MIddle Par
backs, 29.1; Upper Purbecks, 291; Wealden,
262.

Cypridina aerrato-striata, Devonian, 421.
Cypria I infiata, coal, 384.
ypris in Llas, 827.

.... in Wealden, 262 .

.... In mar) of Anvergne, 199.

.... In Purbeck beds, 293, 294, 290.
Cyrena con8obrina, 23; C'. canei/orinfa, 220;
(2 aemistriata, 193.

C1stidero In Silurian rocks, 440.
CUtherella) chalk, 20.

DAnovr1.o, coal-plant, 869.
Dana, Mr., on erystalilno limestone, 597.
" ..., on coral-reef In Sandwich Islands, 211.
"..., on volcanoes of Sandwich Islands, 489,

493, 516.
.Dapedius 2n011life,', scales of, 321.
I)aphnogeiie cinnainom(Jolla, 191.
Dartmoor. granite of, SSO.
Darwin, Mr., on foliation, 608.

cited, 241, 242.
"..., on boulders and glaciers In S. America, 18.
- ..., on cleavage in South America, 600.

.., on coral-islands of PacifIc, 241.
.,.., on dike in St. Helena., 525.
"..., on habits of ostrich, 849.
"..., on fossils in South America, 154.
"..., on Fucus gigantous, 242.
"..., on graduaL rise ofpart of S. America, 48.
" ..., on lamination of volcanic rocks. 009.

on parallel roads, 87, 85.
"..., on plutonic rocks of Andes, 577.
" ..., on recent strata near Lima, 120.

on saurians in Galapagos Islands, 895,
"..., on sinking of coral-reefs, 46.
" .. . on Welsh glaciers. 1)36.
Daubeny, Dr., on the Solfutara, 595.

on volcanoes In Auvergne, 552.
Davidsoni, Mr., on hassle spirlfers, 818.
Dnwaon, Mr., on conl.plants, 879.
Dax, Inland dill'at. 12.
Dean, forest of, coal In, 895.
Deane, Dr., on footprints, 847.
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Decken, M. von, on granite veins in Corn-
wall, 441; on reptiles in SaarbrUck coal-field,

Do Konlnck, M cited, 184, 183.
":.., on Kleyn pawcn tertiaries, 184.
Do In Becho, Sir IL, cited, 203, 297,82T.
.... l on Carrara marbles, 612.

on clay-beds, $29.
" .., on clay-ironstone, 3S6.
"..., on coal-measures near Swansea, 859.
"..., on fossil trees, South Wales, 313.
" . .., on granite of Dartmoor, 593.
- .., on mIneriL veins, 623, 625, 629.

", on term supracretaceous, 103.
"..-, on trap of now red sandstone period,55.
Delesse, M., analysis of minerals, 475.

on basalt, 466.
on hyperatheno rock, 473.

" . .., on hypogeno limestone, 597.
on latorito of Antrim, 471.
on pyroxeno, 465.

" - . -, on serpentine, 474.
Deluge, 4.
Denudation explained, 66.

f the Weahl Valley, 271.
terraces of, In Sicily. 75.

" . .., of volcanic craters, 504, 501.
Derbyshire. lead-veins of, 627.
Doshayes, M., Identification ofslioll, 1SL
" . . -, on fossil shells in Hungary, 544.
..., on lower coceno shells, 22g.

on tertiary classIfication, 115.
"..., on upper marine strata, 184.
Desmarost, on trappean rocks, 01.
Desnoyers, N., on 1aluns of Touralne, ill.
Desor, N., on glacial fauna In oith America,

189.
Devonian system, term explained, 419.

series of North Devon, 4200.
sseries of Russia. 425.

... series of United States, .126.
Do Wuol, N., on Antwerp strata, 113.
Diagonal, or cross stratification, 16.
Dzaoniacea In trIpoli, 25.
.Dkera8 arietinum, 304.
Dicotyledonous leaves in lower chalk, 266.
.Didelphys A:ano (recent), jaw of 811.




Didynzograpsus Uemiflu8, D. .furc1d4on(,
442.

Dike in St. Helena. 528.
Dikeloeep1wlu.' .Jfin :zeokn.si,q, 453.
Dikes at Pn1nonia in Sicily, 529.

defined, 6.
in Scotland. 471.
ofSomma, 526.
trappean, crystalline In centre, 476, 4SS.

Diluviuin, popular explanation of term, lBS.
Dinorols ofNow Zealand, 165.
Jflnot/zeriurn giganteu'n, skull of, 176.
Dinothorlum in India, 182.
Diorite, or greenstone, 407, 472.
Dip, term explained, 53.
DIplograp8l:8/o!lu:n, D. prisU, 442.
Dirt-bed ofPurbock, 201, 800.
Dolerite, or greenstone, 466, 473.
Dolomite defined, 13.
Dolomitlo conglomerate, 851.
Domite, or earthy trachyte, 473.
Dune, N. B. de, on volcanoes of VeIny, 552.
Drift, contorted, near Cromor, 134.

In Ireland, 137.
.... In Norfolk, 132.

meteorites in, 151.
northern, In Scotland. 180.

...., northern, in North Wales, 186.
of Scandinavia, Worth Germany, and Rus.

ala, 120.
period, climate of, 145.
period, subsidence In, 141.
shells in Canada. 1.10.

Dudley limestone, 4.55.
...., shales ofcoal near, 598.
Dufrnoy, N., on granite of Pyrenees, 598.
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Dufr6noy, N., on 11111 of Gargoyle, 558.
Duff, Mr. P., on reptile of old red, 412.
Dunker, Dr., on Wealdon of hanover, 264.
Darn Ben, yellow sandstone of, 412.
.Dyeczetds' ,'inqena, inferior ool.lte, 815.

Ecmonznsis of ooallino crag, 172.
EcMno8pluurife3 IJaithicue, 440.
EcJiIniz, with Crania attached, 28.
'rton, Mr., on fossils ofSouthern India, 255."I

r'~'Ieerton, Sir P., on flab of marl-slate, 8153.
on fossil fish of Connecticut beds, 849.
on fossils of Isle ofWight, 212.

" . .., on rauriana and fish in now red sand
stone, 836.

on Ichthyoturns, 822.
Egg-likd bodies in Old Rod Sandstone, 417.
I ,q fossil, of snake, 1-25.
D-5-tifeliberg. Prof., on bog-Iron-ore, 26.
" . .., on infusoria, 25.
" . ., on Silurian foramlnifora, 444.
Eifel, volcanoes of, 53.S-.543.
Elephant-bed, Brighton, 281.
Ett'phasprim iqniUe, tooth of, 165.
Elgin, rejtIlo of old red, found near, 412.
E(vrns of Ireland and Cornwall, 629.
" . .., term explained, 581.
Encrini(e, plate of, overgrown with &rpuW
and Bryo:oa, SOT.

Encriulto of Bradford, 807.
Encrinu.s litil'ormi8, 884.
Eocenofora,ninift'ra, 221.
.... formations, 201.
.... formations In England, 208.
" .. granite, 570.
" .. - strata in France, 104, 222.

strata in United States, 231.
"..., term defined, 115.
" . -., upper, near Lonvain, Belgium, 176.
.... volcanic rocks, 553.
Eppolshoiin, .Dlzzotherium of, 176, 101.
Equisotncoa of conl.perlod, 1364.
Equleetitea columnaris, 838.
Equisetum of Virginian ooUte, 331.
" . . - giganteum o(S. America, recent, 1364.
Ejuus caballus, tooth of, 160,
Erman on meteoric Iron in Russia, 151.
Erratics, Alpine, 140.

northern origin of. 128.
Etc1ara dl8ticha, chalk, 248.
Edcliarina ocean1, chalk, 248.
Eacher, N., on boulders ofJura, 149.
£theria?, Richmond, U. 5., 881.
Etna, deposits of, 523,
Eunomi radiata 300.
Eiwmpliaius pentagulatue, 407.
Eupliotide, 473.
EurIte, 564, 590.
Eurlti porphyry tloscribixl, 402.
Ertracrinua f3j$, tins, 8.

FALUM of Touraine, 111, 175.
Faluns, comparison of, and crag, lIT.
Faiunian typo, distinctness of, from Eocene,

179.
Falconer, Dr., on Sow5iik hula, 182.
Falkland Islands, 88.
Farnham,, phosphate of limo near, 251.
Faaclcuaria aurantium, 171.
Fault, term explained, 62.
Faults, origin of, 04.
.F'avoailea Got./dczndica, 485; .F poiyrnorp7cr,

422.
Faxoo, chalk of, 238.
Felis tLUri8, tooth of, 167.
Fellxstow, remains of cotacea found noar, 178,
Feispar, varieties of, 458.
Fdne8tella retfor,ni8, 859.
Ferns in coal-measures, 801.
Fife, altered rock in, 481.
Fifeshiro, trap-dike in, 557.
Fish, oldest, in Upper Ludlow, 481.
Fkhes, fusil, of Upper Crotaceons, 249.

ofBrown-coal, 540.
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Fishes of Old Red Sandstone, 415.
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of Wertlden, 262.
Fissures filled with metallic matter, 621. See

Mineral veins.
Pitton, Dr., on lower ore tncoous beds, 256.
" ""., cited, 260, 208, 291', 303.
Fleming, Dr., on is.. of 1181) In old red, 41.1.

on trap-rocks in coil-fold of Forth, 550.
on trap.dIko in Fifeshire, 551'.

Flints of chalk, 11, 243.
Flora, carboniferous, 800.
...., cretaceous, 265.

of London day, 216.
.., permlan, 350.

FUit.z, term explained. 00.
Flysch, explanation of term, 231.
Foliation, term defined, 11116.
Fontnineblenn. Ores do, 184, 194.
Footprint of bird, 847.
Footprints of reptiles, 331, 347, 308, 80i), 418.
Iorurni,itfera, chalk, 26; tertiary, 110, 215,
227, 280. 231; paleozoic1 40t, 444.

Forbes, Mr. David, on foliation, GOT.
Forbes, Prof. li., on Dembridgo series, 185,

1ST.
on Caradoc sandstone, 43.
on Cvsttdere, 489.
on I(empstend, Isle of Wight. series, 185,

102.
...., on Mull leaf-bed, 180.
"..., on shells in crag deposits, 172.

on cretaceous fossil shells, 234.
on fossils of the faluns, 176.

"..., on fossils In drift in South Ireland, 137.
on deep-sea origin of Silurian strata. 455.
on echinoderms of coralline crag, 172.

.., on fauna of boulder-period, 131.
on migrations of mollusca in glacial-pe-riod, 172
on fossils of Purbcck group, 203, 297,

299.
...., on strata at Atherfield, 251.

"., on volcanic rocks of oollto period, 555.
on depth of animal life in £gcau, $5,

143.
on geographical provinces, 256.

Forbes, Prof. James, on zones in glacier-Ice,606.
on the Alps, 149.

Forchbammer, on scratched limestone, 121.
Forest, fossil, in Norfolk. 133, 186.
Forest marble of oollto, 305.
Forfarshiro, old red sandstone in, 508.
Formation, term (leOnod, 8.
Fossil ferns in carbonaceous shale, $14.

footsteps, 385, 881', 338.
forest in Isle of Portland,
forest In Nova Scotia, 870.
forest near Wolverhampton, 874.
plants in wealden, 264.
remains In caves, 159.
shells from Etna, 523; sear Grlgnon, 22&shells of Mayence strata, 100; of Virginia,181 .




.... abells, 'va8sIm.
torni defined, 4.- -. - trees erect, 372.
wood, perforated by Terealna, 24.... wood, pctrljhctjon of 89.Fossils, arrangement of. in strata, 5.
freshwater and marine, 2T.::::,In chalk at 1?axoe. 238." - - - in falnas of Toni-nino, 170.of chalk and groonsand, 245, 241.Of Connecticut beds, 849.Ofconijfljn0 crag', 171..... of dovonlan Byatom, 421.of eocono Strata in United States, 282,288.

.... of Isle of Wlrzht, 208."... of Has, 817, 898.
"... of London clay, 218."... of lower groensand, 258.of Ludlow formation, 481.




Fossils of Maestriebt beds, 281
of mountain limestone, 408.

.... of now red sandstone, 333, 385.
"... of old red sandstone. 415.

of oolite, 2115.301,308.
.... of Permian limestone, 353, 855.
"... of Purbeck, 293.
- - - - of rod crag, ITO.

of flicliniond, U. S., strata, 331.
of Si,lenhofen, 3(12.

....rupper grvensand, 251.
f wt-:iltlen. 261.
petrifaction of, 8948.

-. ., test of the ago of formatIons, 07.
Fos.lii11rous strata, tabular view of, 450.
Fc'nrnvt, M., on mineral veins of Auvergne,

G2-L
.. , on disintegration of rocks, 594.
"..., on quartz, 5113.
Fox, Mr. U. W., 627, on Cornish lees. 628.
}ox. Rev. Mr.. on extinct quadrupeds of Isle
of Wight, 209.

Freshwater beds of Isle of Wight, 208.
" . -. deposits in valley of Thames, 152.
- - -., land-shells numerous in, 27.
Freshwater furinat ions of Auvergne, 191.
Fre.h water formations, how distinguished from
marine, 27, 28, 80, 32.

associated with Norfolk drift, 132.
Freshwater shells in brown-coal near Bonn,
539.

Fucus vesiculosu, 83, 242.
1"0u, canuliculalus, 181.
Fuller's earth of oolIto, $14.
Fiindy, Bay of, impressions in red mud of,

346.
Fuugia pa(eliaris (recent), 403.
.Fusulina cylindrica, .109.
Fueus contra,'iue, 110; F. quaclrlco8tatua,

181.

GAI.ArAaos ISLANDS, animals of. 825.
Caleocerdo ?alidens, tooth of, 215.
(JulerifeR aThogaleru8, 245.
(Jullionella distan8, G.fe-ruginea, in tripoli,
25.

Ganges, buried soils In delta of, 884.
Gannets in altered rock, 4S0.
Gases, subterranean rocks altered by, 505.
Gault of upper cretaceous, 250.
Gavarnio, Ilexures of strata near, 59.
Geology defined, 1.
Gergovia, 11111 of, 553.
Gercillia ancep8, lower greensand, 259.
Gianrs Causeway, columns at, 483.
.... basalt, ac of, ISO.
Gibber, It. W., cited, 283.
Girgenti, limestone of,i56.Glacial phenomena, northern, origin of, 188.
Glaciers. Alpine, 1.10.
.... on Cuernarvonshiro mountains, 181'.
Glasgow, marine strata near, 154.
Glenrow, parallel roads of, So.
Glen Tilt, granite of, 5130.
Glypha'a I dubla, coal-measures, 835.
Gnelss, altered bygranito, 570.

Berneso Alps, 599.
- ... at Cape Wrath, 509.

near Christianin, 570.
- described, 888.

Gold, ago of, In Ireland, 029.
ago of, In Urni Mountains, 680.

Ooldi'usa Prof, on reptiles in coal-fold, 891.
QoniatIe8 orcn(8Cria, C. ovolutrzo, 408; 0.
Lieterl, 830.

Corgoithi ii funJilivliformfe, 852.
GSppert, Prof., on beds of coal, 800.- .. - on petrifactlon, 40.
Gradual Increase of strata, 22.
Graham's Island, 488, ($29.
Grnmplnns, old red conglomerates In, 41.Granite described, 7, 500.

pns'ngo of, into trap, 505.- . ., porphyritic, 508,
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granite and limestone, junction ofIn Glen Tilt,
568.

"."., syonitle, talcose, and schorly. 564.of Cornwall and Dartmoor, 593.
of Swiss Alps, 613.
rocks in connection with mineral-veins,

630.
of Snxony..5S3.

" ..., oldest, 52.
"..., varieties of, 569.

veins in CornsvalI, 569.
veins in Cape Wrath, 568.
veins In Table Mountain, 567.
vein In White Mountains, 574.
ofArran, ago of, 593.
near Christiania, 5S1.
dikes in Mount Battock, SOT.

Graphic granite, 562.
Graphite, powder of, consolidated by pressure,38.
GraDtolites, 442.
Grapfo(taJtuR LzdenAiR, Slliirinn, 437.
Grasshopper, wing of, in eoat-measure, SSG.
Gratoloup, M., on fossils in chalk, 254.
Grnuwaek-c, term explained, 429.
Great (or Bath) Oolite, 31)5.
Greenland, sinking of coast of, 46.
Greonsand, fossils of, 251.

lower, 256.
"..., upper, 250.
Grcensbnrg. Points) footprints of rep

tile In coal-strata at, 897.
Groenstono, 467.

dike of, in Arran, 477.
Gras do Beauclininp, Paris Basin, 226.
Greystono. volcanic rock, 47:,
Gritfitlis, Mr., on geology of Ireland, 859.
Grignon, fossil shells near, 226.
Grit defined. 11.
Grylicecris lit/an11iraoa, wing of. 8S6.
Grypliaa coated with Serpuhi'. 22.

arciwla., G. incurva, 29, 8LS.
coluntha1 G. gloto8a, 247; Q. viru1a,

$01.
Gryphite limestone, or Has, $19.
Giuulaloupe, human skeleton of. 120.
Gunu, Mrs. on Norwich flints, 244.
Gutbier, Col. You. on Permian flora, 356.
G!/rOFc'jns tenu ittritzttt, scale of, 330.
Gvpseous coceno mans, 223, 224.
Gypsum dcncd, 13.

HALL, Sir Jas., experiments on fused minerals,
529.

" . .', on curved strata, 49.
Capt B.. cited, 476. 523, 567.

Th:1yaite cate,i ulaCua, Silurian, 485.
Hamilton, Sir W., on eruption of Vesuvius,

526.
Earnitea *pinft7er, eatilt, 251.
Harris, Major, on salt lake in Ethiopia, 844.
llartun, Mr. 0., on Tenenitfe, 510.
.... ,onMadeira, 514, 518.
I Inrtz, bunter-snndstein of. 885.
Hastings, Lady, fossils collected by, 211.
hastings snnd, 262. 26:3.
llautcs Alpos, rocks of, 579.
]IaUy cited, 463.
llawksbaw, Mr., on fossil trees in coal, 872.
hayes, Mr. T. L., on icebergs, 127.
1-loadon lull sands described. 212.

series of Isle of Wight described, 210.
Hébert, M., on upper coceno beds, 184.




", on ago of Kleyn Spawn beds, 184.
on pisolitlo limestone, '286.

Hebrides, dikes of trap in, .177.
Heidelberg, varieties ofgranite near, 509.
I/ct (catite8 poraRa. 422.
Ifell labyrinUilca, 211; 17. occlu8a, 209; H.

ntcbeia, 124; FL ?:rona'nsle, 80.
1km iCidarl8 Purh8cAeu8l8, 291.
Itemipneuste8 radlat,,e, 288.
i/emiteli(e8 Brown U. 314.
Ilompstead beds, No of W'igbt, 18.5, 192.
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lienfrey, Mr. A., on food of Mastodon, 144.
llenslow, Prof., on fossil cetacea in Suffolk,

-,
173.

on fossil forests, 297.
".., on altered rock near P1n Nowycid, 430.

Herschel, Sir J., on slaty cleavage, 002.
Hertfordsliiro pudding-stone, 35.
Iresso Cassol, sands of. ISO.
Ileterocercal fish, tail of, 353.
ilibbert, Dr., on volcanic rocks, 542, 552.

on coal-fold at Burdiohouso, 886.
I7lh Teesdale, garnets in altered rock at,

490.
Hhldburgbausen, footprints of reptile at, 835,

ilimnlnyn, tertiary mammalia of, 182.
..., elevated fossiliferous rocks in, 4.
Hippopodiun& ponderosun;, has, 319.
Ihppcapotarnvs, tooth of, 166.
Illppurik.9 orgaizisans, chalk, 258.
hlippurito limestone, 238.
hitchcock, Prof., on footprints, 346.
ioffniann, Mr., on Lipani Islands, cited, 585.
- - ., on cave near Palermo, 74.

on Carrara marble, 612.
hlooghley River, analysis of water of, 41.
I/ctopt'iclziua nobiUssimus, scale of, 414.

Ilibb('rti, tooth of, 396.
Ilornolonotus arnu¬us, 425.
.... deFp1Linicep1atus, 4-37.
Iloniocercat flh, tail of, 853.
h1opkIn, Mr., on fractures In Weald, 230.
Horizontal strata, upheaval of, 45.
Ilorizontality of'struta, 15.

ofroads of Lochaber, 88.
llornblcndo, 463.

rock, or ampliibollte, 473, 590.
hlornblcndc-schist., 598, 596.
Homer, Mr., on geology of Eifcl, 538.
" ".. on lloloptychins, 396.
Hömne, Dr., on shells of Vienna tertiary basin,

179.
Hubbard. Prot, on granite-vein in White Moun-

tains. 377.
ilugi. M., on Swiss Alps, 614.
JluInbo!dt, on uniform character ofrocks, 616.
hungary, tracliyto of, 467.
" .., volcanic rocks of, 544.
Hunt, Mr., experiments on clay-ironstone, 830.
Hutton, opinions of, 60.
Iruttonian theory, 92.
llyoina spehra, tooth of, 167.
Eybodu8 reticulatu8, tooth and ray of, 821.
.... pticat ills, teeth of, 386.
I!yninocaris verm icaua, 44-S.
Hypersthene rock, 473.
ilypogene, term defined, 9.

rocks, mineral character of, 615.
" .. or metamorphic limestone, 589.

Tnntiso; Capt., on chalk, Islo cfWight, 250.
Ice, rocks drifted by, 12&
Icebergs, stranding of. 185, 148.

- ., magnitude of, 128.
Iceland, icebergs drifted to, 143.
Ichthyolltes of old red sandstone, 410.
fc/ttliyosa urns cornmuni8, skeleton or, 823;
paddle of, 324.

Igneous rocks, 6.
.... of Stobengobirgo and Westerwahl, 540 .
.... of Vat di Not, 4S8.
Iguanodon, notice of the, 260, 262.
Jguanoclom Jfant-elU, teotli of, 201.
India, cretaceous system in, 255.
"..., freshwater deposits of, 182.

oolitlo formation in, 833.
Indusini limestone, Auvergne, 200.
Inferior oolite, 814.
Infitsoria in tripolI, 24.
Inland sea-cliffs In south of England, 71.
JnoceritUUS La;mzarcLll, chalk, 247.
Jn.ect, wing of neuropterous, 828.
Insects in coal. 885.

iii has. 827.
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Insects In oollto, 809.
In Purbeok beds, 800.

Invertebrate animals, period of, 453.
Ireland, coal strata of, 359.
.......ovonlan plants of, 414.
....,drlftln 181.
Ieastr(A oUonga, .T 2'lsburienth, 801.
lachia, yoleanto cones ID, 525.
" . .., post-pliocoflO strata of, 118.
lab otWlgbt, freshwater beds of, 210.
Isomorphism, theory of, 404.

JAoox, Dr. 0. T., analysis of fossil bones,
114.

James, Capt, on fossils in drift, South Ireland,
13?.

Java, stream ofsuiphureous water, 228.
"..., volcanoes of 492.
.Jobert, M., on nih of Gorgovia, 553.
Joints, 601.
Joruflo, lava-stream of, 574.
Junghuhn, Dr., on Jnvaneso volcanoes, .102.
Jura, alpine blocks on, 148.

limestone, 803.
structure of, 55.

KANOATtOO, fossil and roceiit, Jaws figured, 162.
Knup, Prot, on footprints of CFzeirotheriuni,

33?.
Kayo, Mr., on fossils of Southern India, 255.
Keeling Island, fragment of greenstono in, 242.
Kcllhnu, Prof., cited, fiSt, 593.

on dike of grconstone, 178.
- S.., on foliation, GOT.
...., on gnelss near Christianln, 570.

on granite, 571.
Kelioway rock, 34.
Kentish chalk, sandgalls in, 52.

rag, lower rrrecnsaud, 257.
Kouper, the, 33
Kilanea, volcanic crater of, 490.
Ktllas In granite of Cornwall, 598.
Kilkenny yellow sandstone, fossil plants of,414.
Kitnuieridgo clay, 800.

King,
Dr., on footprints of reptile, 398.

King, Prof., on Permian group and fossils,350.
Ktrkdnbe, cave at, 160.
Kyson, in Suffolk, strata of, 215.

LinrnrrnonoN J.tocny, tooth of, 388, 3S39
pacl'ygnathuis, outlino of, 840.

Lacustrino strata of Anvergne. 202.
Lagoons at mouth o1 rivers, 33,

of Bermuda Islands, 240.
Lake craters of Eire.), 540.

crater of Lnach, 518.
Lakes, deposits in, 8.
Lamarek on bivalve mollusca, 29.Lamna elegans, tooth of, eocene, 215.Land, rising anti sinking, 45.
Landenlan, or lower cocono beds, 235.
Lnpldiflati0 offossils, 48.La Roche, estuary or, 14.
I.atorlte, 471, 473.
Lava; 409.

current, Auvergne, 540.
current, Mndelra, viow of, 518.relation to trap, 486.
stream ofJoruilo, 574.




"... streams, efFects of, 0 ..... Of Stromboll, 574.Lea, Mr., footprints of reptile discovered by,400.
Leaf-bed, inlocono, of Isle ofMull, 179.In Madeira, 515.Lead-veins In Permian rocks, 080..Leda any(,aaz1de, 219; L.. .Dealiai,estana,18$; L Obionga, 180.Lehman on Classtficatto of rock; 00.Leibnltz, theory of, 04.
Loldy, Dr., on supposed oQtacean of the cl'alk,2.4.




Lepldodondra, 802.
Lepidadetuiron atom of, from Ireland, 414.

Sternberg!1, 8fl8.
Le'pklo8trobus ornatUS, 808.
Lepidolus gigas, scales of, 320.

2fanlelU, tooth and scale of, 262.
Lep&rna depre8.a, 4-IS; L Jfoo,'e4 319.
Loptlgalte, or wliltostoiie, 501.
Lewes, coomb near, 276.
Lins, 817.

and oolito. origin of, 828.
at Lyzno Th'gt. 82.1.
fossil plants of, 828.
In United States, 380.
period, volcanic rocks of, 555.

- .".. plotonic rocks of, 570.
Liebig, Prof., on conversion of coal into lIgnit

30.1.
- -, on preservation of fossil bones in caverns,
161.

J.i,na gigautea, 318; 1. )Toper!, 241.
Lima, South America, recent strata of, 120.
Limogne d'Auvcrgne, freshwater formations of,

19?.
Llitihnrg, or upper ooceno strata of Belgium,
1S9.

Limo in solution, source of, 42, scarcity of, In
metamorphic rocks, 617.

Limestone breecinted, 851.
crystalline. 851.

" . - -, compact, 352.
...., fossiliferous. 852.
..., hippurlto, 252.

" . - -, Indusial, Auvergne, 200,
.... of Jurn, 803.
" -.., mngnesinu, 850.
- . . -, mountain, fossils of, 403.
-. ., primary or metamorphic, 59.

ofDevonian system in Germany, 421.
Lin:ulus ro(undatu., coal-measures, 3S5.
Llndlc'y, Dr., cited, 265.
Lingula flags of lower Silurian, 448.
Lingula Dathil, 449; L. Du;nortierl, 173; LLewisil, 483.
Liparilalands, rocks altered by gases In, 595.
Litliodoini in benches of North America, 79.
.... in inland cliffs, 73.
LitItost,'o(ion. lmsa'lt/ornie, L florlfor,ne, L.

strlalu,n, 404.
Lit u1te giganteuR, Silurian, 434.
Liandello flags, 439.
Loam defined, 13.
Loelinbar, parallel roads of, 86.
Lodes. See Mineral veins, 620.
Loess ofvalley oflihlne, 121.
- .., fossil land-shells of, figured, 124.
Log"'), Mr., on coal-measures of South Wales,

866.
., on footprints In Potsdnm sandstone, 452.

"..., on fossil forest In Nova Scotia, 883.
-..., on lower Silurian rocks of Canada, 4-16.
London clay, 216.
Lonsilnic, tr., cited, ISS; on corals, 182.

.., on corals of Normandy, ITT.
- ..., on fossils In white ciiak, 20.
" ., on old red sandstone of South Devon419.

on Stonefiold slate, 809.
J.onsdalelajlor((ormgs, carboniferous, 404.
Louvain, coceno strata near, 188.
Lovén on shells ofNorway, 119.
Liicfncr eerrata, oocc'no, 210.
Ludlow formation, 480.
Lund. cited, 164.
Lycott, Mr., on shells of oollto, 809.
Lycopodfinn. (ien&un (recent), 803.
Lymo Regis, Has at, 82?
Lym-FIorcI Invaded by the sea, 88.

-, kelp in, 242.
Lymnwcs caudata, 211; L. iongiscata, 29,209.
Lyons, coal-mine near, 874.
MAOACtIS, tooth of, Eocene, 219
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1'&'Androw, Mr., on scarcity of fish-bones on
sea-bottom, 455.

MacCulloch, Dr., on ago of Arran granite, 591.
on altered rock in Fire, 481.

"..., on basaltic columns in Skye, 483.
On (ICnU(lfltIOfl, 67.

"..., on granite of Aberdeenshire, 505.
" . ., on liornblcnde-schist, 596.
" ..., on igneous rocks ofScotland, 4S3.

on Isle of Skye, 86.
on overlying rocks, 8.
on parallel roads, ST.
on trap-vein In Argylesbire, 477.

Maclaren, Mr., on erratic blocks in Pontlands,
181.

Maclure, Dr., on volcanoes In Catalonia, 531.
.1fzelurea Lo(jani, Silurian, 440.
4JIacropus atlas, 162; Jaw of, 162; tooth of,

;Major (recent), Jaw of, 162.
Madeira, structure of, 511-519.

trachyto overlying basalt In. 522.
view ofdike in inland valley in, 476.

Maestricht beds, 231.
Mugneslan limestone, coneretionaiy structure

of, 87.
defIned, 18.
groups. 350.

Mukistone, fosiis In white chalk of, 230.
Mainwalia, extinct, above drift in United States,

148.
...., extinct, of basin of MbsLssippl, 121.
- . . j088i1 teeth / 166.
Matn mat, Mr., cited, 69.
Mamuilfer In Purbeck beds, 295, 457.

In Stoiiesticld ooiito, 311.
in trias near Stuttgart, 341.

ifammoth, tooth of, 10.
Mansfield In Thuringia, Permian formation at,
856.

Mantel!, Dr., cited, 242, 262, 264, 2S6.
on belcinnite, 805.
on chalk-ilinta, 2S6.
on Brighton elephant-bed, 2S7.

..., on freshwater beds of Isle of Wight, 209.
- . -, on iguanodon, 260.

on wettlden group, 259, 2S6.
on reptile in old red, 4)3, 5S2.

.3fantdlia megalophylla, Purbeck, 290.
Map to illustrate ilenudation of Weald, 271.

of eoceno beds of Central France, 105.




Marble defined, 12.
Marl defined, 13.

in Lake Superior, 36 .
..., red and green in England, 335.

Marl-slate defined, 13.
.ifarupite8 .3filleri, chalk, 245.
Martin, Mr., cited, 290.
"..., on cross fractures In chalk, 274.
Martins, Mr. 0., on glaciers of Spitzborgen, 142.
Massachusetts, plumbngo In, 590.
1a.todon. a,zgustidezuc tooth of, 105.
Mastodon giganteus, In United States, 148.
.3fastodonsaurus, tooth of, 338.
Mayenco basin tertiaries, 100.
May 11111, Silurian strata of, 481.
Mediterranean and Red Sea, distinct species in,

:100.
deposits forming in, 09.

.3fejaiodon cucullatU8, 423.
Ne'a.(1zerium, tooth of. S. America, 161.
Atelania tnQutna1a,2, 22.); .M turritiasima,

208.
Mela'nopsis 1.,ucalnoldec (recent), 29.
Melaphyro, or black porphyry, 478.
Menat Straits, marine shells In drift, 186.
Mendips, denudation in, 69.
Mersey, in Kent, ancient channel of, 120.
Metali1lrous voIn. See Mineral voins,
Metals, suppos'd relative ages of, 623.
?dothuiorphio rocks, 537.

defined, 8.
., loss calcareous than fossiliferous rocks, 610.
order ofsuccession of, 615.
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Metamorphic rocks. glossary of, 590.
".. strata, origin of, 501.

structure, origin or, 530.
Meteorites in drift, 15L
Mexico, lamination of volcanic rocks In, 605.
Meyer, M. If. von, cited, 153.

on reptile In coal, 407.
" . .., on sandstone of the Vosges, .335.
- ..., on Wealden or hanover and Westpbali;
204.

Mlca-schiist, 594.
Micaccons sandstone, origin of, 14.
.4lficra.yter cur-anuuin uai, chalk, 245.
ifieroconCiL its carbonan 1(8, carboniferous, 884.
Jficrol,te antiuus, teeth of, triassic maw.

mlfer, 840.
Miller, Mr. 11., on origin of rock-salt, 844.

" .., on old red sandstone 412, 438.
"..., on fossil trees of coni'near Edinburgh, 876.
Mlnchinhainpton, fossil shells at, 808.
Mineral character of aqueous rocks, 10, 97.
...composition, test of ago of volcanic rocks,

"..: eprings, connected with mineral-veins,62T
veins and faults, GIS, 620.

.... veins of different ages, 620.
veins, pebbles in, 622.
veins, various forms of, 019.

.... veins nen granite, 624.
Mineralization ci' organic remains, SS.
Minerals, table of analyses of simple, 475.
Mioceno faluns of the Loire, 116.
.... formation, 175.

formation In Isle of Mull, 179.
in United States, iSO.

" ..., (lower), strata of Isle of Wight, 195.
nuunnntlia ofSowAilk Hills, 1S2.
of tue Bohlerborg, 178.

- - period, volcanic rocks of, 539.
"..., term defined, 116.
MIs ssippl, tiuviatilo strata and delta of. 8, 121,

1 111 12.
Mitchell, Sir T., on Australian caves, 162.
Mitscherlicb, Prof., on au
464.

glto and hornblende,

"..., on mineral composition of Somma, 526
.3I'Itra 8ca5?a, Barton clay, 218.
Modiola acu7ninata, Pormlan, 851.
Modon, hithodomi In cliii' at, 73.
Molasso of Switzerland, 179.
Monkey, tooth of, cocone, 219.
Mons, Ihexures of coal at, 53.
Mont Blanc, talcoso granite of, 577.
Mont Dor, Auvergne, 545.
Montlosier, M, on Auvergne volcanoes, 550.
Moraine, term explained, 129.
Moraines of glaciers, 147.
Morea, Inland son-cliffs of, 73.
.... , trap of, 555.
Morris, Mr., on fossils at Brentford, 153.
Morton, Dr., on cretaceous rocks, 254.
Morvon, basaltic columns in, .S3.
.3fosasa'u,-us cczmperl, jaws of, from Macs

tricht, 239.
Mountain limestone, fossIls of, 403.
Mull. Islo of, Miocene leaf-bed of, 179.
Miinster, Count, on fossils of Solenhofon, $02.
Murchison, Sir fl., cited, 278, 285, 2ST.

..., on coceno gneiss, 599.

..., on volcanic rocks of Italy, 580.
on now red sandstone, 386.

- -, on ago of Alps, 231.
..., on ago ofgold in Russia, 620.

a..., on erratic blocks ofAlps, 150.
on granite, SSO, 5S3.
on primary strata In Russia, 120.

.., onlolnts and cleavage, 601.
a'itld rod sandstonoof S. Devon, 419,421.n 0

..., on pen tainerus, 483.

..., on Sliurlan strata of Shropshire, 558.
on Swiss Alps, 614.

., on term Permian, 850.
on term Silurian, .129.

"..., on tilestonis, 430.
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jlfurc1L8onk5 g;'aciliii, Silurian, 440.
Mare'u' a&veo!atu8, red crag, 170.
Muscbolkalk, 33.'3
AJy1iobat8 Edward8i, teeth or, Bracklesbams

215.
MytfZu 8eptift'I', Permian, 351.

NAcItIsLcTn, or congiomerflto of Alps, 179.
Naples, POSL.PI1OCCflC furinnilOns near, 524.

recent strata near, 117.
rising of land at, I IS.

N:ssii grail ulafc:, red crag, 170.
Kalica. (recent). 8paten o1 417.

Cl(1118(11 130; 21. /,t'licoi1eu, 155.
Xitutilw cenfrati.9, .N ck.uc, lS; .N Dani
cuiç 239; 21. plZL.tUU8, 25S; 11. trunccztu8,
319.

N:ivnrlno, lithoclomi found In cliff nt. 73.
Nebraska. U. S., upper coceno of, 206.
Necker, M. L. A., cited, 5119.
...., on compobition of cone of Soiniun, 526..

on granite In Arran. SSJ.
on granitle rocks, 571.
Oil wlss Alps, 614.

.., terms granite "underlying," S.
Nelson. Capt., drawing of Bermuda. TO.
..., on chalk of Bermuda Island, 240.

Neocomian, or lower eretaceous1 256.
Neozoic type of corals, 403.
Noptuniami theory, (11.
.N'Lrinwcs Goodhullii, 21. li ieroglyplzica, 803.
2,'erita conu((lea, 21. Sehe;nidelliana, 21.13; 21.

cozdulatcr, SOS; .aV punizlosa, 80.
.N'rilu:za concava, 211 ; 21. QZOb1LIUR, 80.
Newcastle coal-tield., great faults fit, 61.
Newcastle, fossil tree near, 311, 811.
New Jersey, cretaceous strata of, 255.

" .., Mastodon glganteus In, 143.
New red sandstone, distinction from old, 832.
"..., Its subdivisions, 833.

of United States, 316.
"..., trap of, 555.
New York Devonian strata of, 426.

Silurian strata of, 444.
Now Zealand, absence of qmulrupeds, 164.




Niagara limestone, Silurinu fossils of, 4-15.
"..., recent shells in valley of, 144.
2,ripadilel ell/ptkuR, 216.
.M,do8aria, chalk, 26.
Noeggoratli, M., cited 538.

OflJdfUtIti(t ceI/ulia, 357.
Nomenclature, changes 01; 98.
Norfolk, burled forest, 133, 130, 153.
"..., drift, 132.
Normandy, clmlk-cliffs and needles, 269.
Nortlivlc1i, beds of salt at 348.
Norwich crag, ilurlo-marine, 151.

5andilpc near, 52.
Nova Scotia, coal-seams ofCape Breton, 312.
"..., fossil foreg of coal in, 320.
Vucults 'obbuldla, 155; .N De8lza!/e8iana,
Iss.

Numinulites, whether found In upper eocene,
1S9.

.Wummulite8 e'ponen, 231;2M hvvlgata, 215;IT. PucM, 230.
Nummulltic flirmatton, 229.
Nyst, M., cited, 158.
OtIOLUS AVOLLT13, Russia, 444.
Oenyhauseo, M. You, on Cornish granite veins,569.
Ohio, Falls of, Devonian coral-reef of, 427.Old rod sandstone, 411 .
..., in Forfarsiii;e, DOS.
....,trap of,559,
Oldha,n(a antlpw, 0. radioS-,, 449.Ol#rnua,nicjruru& Cambrian, 148.OUva Dufresnjjj iniuceno, 178.Olot, extinct votcanocs near, 531.
Omphynia tUrhI,azfu,n, Wnlock, 485.Oncliwl tI1fll8trlijfits, Silurian, 432.DolIte, 291.

and Has, origin of, 819.




Oolllo, Inferior, fossils of, 31-1.
In France, 29'3.

"..., pIUtODIC rocks of, 579.
"..., term dcflnod, 12.

volcanic rocks of, 555.
Oolltlc group in France, 293, 302.
-..., United States. 33(1.
Opliiuclernui EerIoni, Has, 320.
Ophito and ophiollte, 473.
Opossum, port ofjaW of, 219.
Orbigny, M. ii', cited, 253.

on fossils of nunmiulitio limestone, 283.
Oil subdivisions of cretaceous series, 237.

..., on Vienna basin foruniiiiifern, ITO.
Organic ronmins, criterion of ago of formation,
07.

test ofago of volcanic rocks, 521.
Orumerod, Mr., on (rhis or Cheshire, 8..
0,1/i/* def/(IJZIUI(1, 431 ; 0. ra,idit, 0. (rice-

llari(l, 0. reaper//lw, .140.
0,-t/,ocra8 laterale, .j(15; 0. Ludeitac, 0. yen-
tieoauIn, .134.

Orthoclase, or common felpnr, 4(13.
Oslmrnt', or St. Helen's series, Isle of Wight,
192, 210.

Osnubruck, in Wetplinlia, tertiary strata of, 173.
Ostrea ao,uni'mtu, 31.1 ; 0. carinata, 0. co-
lunita, 0. i'eaicularl.', 247; 0. di.storla, 204;
0. 'pa:isa, 0. clelloldea, :301; 0 greqaria,
803; 0. Maraliii, 31(1.

Otodua vhllqum:a, tooth of, 215.
Overlying, term applied to volcanic rocks, 8.
Owen, Dr. Dale, on oldest fossiliferous rocks of
Wisconsin. 453.

Prof., cited, 161, 173. 262,310, 812,3131338.
., on amplslttierluni. 810.
on birds In New Zealand, 165.
On bone-eaves in England, 160.

", on footprint,. 347.
-..., oil fossils in Australia, 162.
"..., on fossil monkey, 218.
-..., on fossil qunclrnieds. 168.
- " on ichthvosaurus, 323.

on reptile in coil, 397.
., on serpent of Bracklesham, 214.

..., on snako ofSheppey, 217.
-, on thecodont sanrlans, 303.
on zougiodon, 233.

O:-ford clay, 3114,
Oyster beds, 220.

PACUIO, coral-reefs of, 240.
.PaIac/sin118 (/1f/(1$, 465.
Pala,o,ziacua, Permian. outline of', 853.
Palaon(c,i coznptua, scab of, P elegant,

scale of, I'. gIp/iyru., scale of, 8.54
Palmeontology, terni explained, IllS.
.Palwop/iis (!/pI,a'u.q, vertebral of, 214.
Pakcosauru8 platyodon, tooth of, 355.
i'(tl(votherln,n "n 11 (in 111n outline of, 210
Palngonln1 dikes at, 529.
PalagonIto tulY, 470.
Palermo, caves near, 74.
l'alma, isle of, map of, 495.
"..., Structure of, 494-508.
l'aludina (Auvergne), 201; P. Zenta, 29, 103.

?narQlnata, P. fllinUt(t, 132.
(May-once), 190; P. or&icularlo, 200.

Pampas, extinct qimadrupoas or, 168.
Paradoaidee Bohemiaua, Cambrian, 450.
l'araamlila cez,(ral.ie, chalk, 403.
Parallel roads, 86.
l'areto, M., on Carrara marble, 612.
Paris basin, 93.
Parka declptena of Forfltrsliire, 411.
Parkinson, Mr., on crag, 110.
Parrot, Dr. P., on salt-lakes of Asia, 344.
Pate/la ruqoziz, great oolite, 308.
Pear-,mcri,zit,, llraiiford-eia, 800.
i'enrlstone, volcanic rock, 474.'
Pebbles in chalk, 241.
Pecopterla lonch(tli'a, coal, 801.
Pet-ten. .Th'arerl, 2-Ill; P. lntand1cu, 180; P.

j(lCObajui,t, 153.
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Pcen papyraceuc, 3S6; P. quinqueco5kUu8,247.
Pegmatite, variety of granite, 62.
/'t'flt4lOPlftU8 .liruzreu.s, Has, 320.
l'oithz'incru.* Kniglztii, 433; .P 1WV1S, 48g.
I'entiand hills, Mr. Maclaran on, 181.
Peperino, volcanic tuff, 474.
Pepy, Mr., cited, 41.
Permian flora, distinct from that of coal, 353.

formation ofThurlngla, 356.
group described, 850.

PerluL J!ulieti, lower groonsand, 25S.
I'etriihctlon or fossil wood, 80.
" . . ., process of, 43.
l'htiippi, Dr., on fossil shells near Naples, 118.

on ]Iesso Cassel beds, iSa.
"..., on marine abolls In caves of Sicily, 160.

on terUnry shells of Sicily, 150.
Phillips, Prof. ci'otl, 80S, 318.

"., on cleavage. 603.
on terminology, 109.
Mr. \V., on kaolin of China. 11.

Piacups canctatus, Silurian, 436.
!'/1u8Co1ot/erium JJuckian(1i, jaw of, 312.
Pha.ianeUct Hedd1,zoncn.,i, coral-rag, $9.
P/iiebopteIis coniigua, oolite, 314.
Plioladomyafidtcula, ooiite, 815.
Phonoilte, or clinkstone, .17g.
P/orw ex(ensus, London clay, 219.
Phosphate of hue, 251.
P/u,aginoceras cerntricosijni , Ludlow, 484.
.P/tryganea, indusiw of, 1201.
"..., (recent), larva of, 201.
Phylludo or clay-slate, 590.
P/iy8a Bsi8(ovLi, Purbeck, 295.

colu,nn,aris, P. /q/pnOrum (recent), 29.
Plctou, Nova Scotia, cainmltes near, 818.
l'Illn, M., on ago of Carrara marble, 612.
JL?sjdjuin. amnkui 183.
Pisolltlc limestone 01 France, 235.
Pltchstone, or reUnite, 474.
Placoiu8 jigas, teeth of, 335.
FlugiostonuL f7igantezufl, 318; P. £&peri, P.

spinosuin, 247.
Plauitz, tripoli of, 20.
Planorln8 (li8cus, 209; P. ouo;nplzalus, 29, 211.
P;ns Newydd, rock altered by dike near, 430.
Plastic clays, 219.
Playfalr, cited, 45, 92.




"..., on faults, 62.
On Ituttonian theory of stratification, GO.

l'lectrodu.fj InUabiliii, 432.
J'lesiosaurus dvik/sor/o iru, 323.
JI/ jroiltiiut(ic urn, 425.
Pleurotornu attenuata, 216 ; F. rotci(a 31.
Pie urotoinana carinata, P. tiani 406.
Pleurotoinania gran.ula(a, P. ornata, 815.
Plieninger, Professor, on trlnsslc mammifer, 840.
Pliocene, newer, period, 126.

newer, strata. 152.
strata In Sicily, 155.
older, In United States, 180.
strata, 167.
period, volcanic rocks of, 529, 530.

.., term defined, 116.
Plomb du Cantul, described, 552.
Pluinbngo in Massachusetts, 590.
1.iutonlo rocks. 7, 578.

of carboniforous period, 580.
of oollte and Has, 579.
recent and pliocene, 574.
of Silurian period, 5S1.
ago of, how tested, 573.

Plutonic and sedimentary rocks, diagram of, 510.
Pluvial action, effects of, 219.
Podocarya, fruit of. oollte, 318.
Poggondort, cited, 594.
I'oikilitic formation, :350.
....,term explaIned, 332.

Polycoifla profundu, Permian, 40S
l'omol, M., on xuuaiiun,alIa of Auvorgno, 203, 421.
l'onza Islands in Mediterranean, 4b0, 605.
l'orphyritic granite, 563.
Porphyry, 407, 468.
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Portland, Isle of, fossil forest In, 207.
Portland stone, 800.
Portlock, Col., on Tyrone Sllnrian rocks, 443.
PosidonLa flu inuta, trlassie, 834.
Fosidonornya?, Richmond, U. S.. 831.

Beaken, carboniferous. 410.
Post-pliocono formations, 116.

period, volcanic rocks, 523.
Potidam sandstone at Keesorlile, 45L.

sandstone, trucks on, 452.
snndstono In Canada, 440.

l'ottsville, coal.senins near, 8SS.
footprints of reptile near, 400.

l'ozzoiana1 80.
Pratt, Mr.. on ammonites, 804..

on extinct quadrupeds of We of Wight,209.
Precipitation of mineral matter, 41.
Predazzo, altered rocks at, 6S1.
Prcstwkl,, Mr., cited, 69.

011 Weald denudation, 281.
on Enilislu cocenc strata. 209, 212,216,219.
Oil coal-measures of Colebrook Dale, 62,

35.
Prevost, M. C., on Paris basin, 223, 224, 225.
P,oductug va(ru..r, i' lwrnidus, 852.
Froductu antitjautus, 1'. ventiretio ulatue,

.105.
Progressive development, theory of, 453.
Protoglue, or talcose granite, 564.
l'd(zlitmodUS poroaus, tooth of, 409.
l'saronites In German), and France, 357.
P8e'uqt(,erlnile.q b?f4chutus, 436
J'terk/dhys, old red, .119.
J'h'rO(I(i(l,/ZlIS crtlSsiiostnis, 802.
Fteropia yltu in. Conaptunu, 314.
Pteni1iotu itnulicue, 415; F. problemnatlcue,41 tk
P(yc/zodu deeurrdnR, tooth of, 249.
1'ugaard, Mr., on Muon drift, 285.
PumIce, 469.
Pupa in uscorunz, 124; P. fridens, 80.
Purbeck beds, 291, 293.
Purpuroidea izoduiata, oolite, 808.
Puy tie Tartaret, 548.
Puy do Pariou, 551.
Puzzuoll, elevation and depression of land at,
525 .
..., post-pliocene strata at, 117.

J'yiopteru. nuand15izIa ii8, scab of, 854.
Pyrenees, cretaceous rocks of, 5S9.

., curvatures ofstrata In, 5S.
"..., granite of, 593.
"..., nummulitic formation of, 230.
Pyroceno, or augite, 465.
Pyrula reticututa, coraliino crag, 172.

QuADnutANA, fossil, 219.
Qunrrington Ulil, basaltic dike near, 520.
Quartz, 501.
Quartzite, or quartz-rock, 589.

RADI0UTrSfdlaceus, ft. radhsus, 253.
.iümrtonI, chalk, 219.

lladnorsluiro, stratified trap of, 558.
Rain-prints, fossil In coal.shalo, 384.
Rawsay, Prof. A. C., on denudation, OS.
..., on granite in Arran, 584.

., on section near Bristol, 102.
on Welsh glaciers, 187.
on foliation of crystalline sohlsts, 609.

.., on Caraciuc nndstone, 438.
RuN(nite8 pens7ninwi, 442.
Recent strata defined, ii?.

.., near Naples, 117.
Redlield, Mr. on glacial fauna In America, 189.
..., on fossil lh,lu, 319.

Red sandstone, origin of, 842.
Red Sea and Mediterranean, distinct species In,

bC,.
.., silliness of, 34,5.

1tv[itllo in old roil sandstone of Morayshire, 412.
Reptiles. carboniforous, 390, 897.
.... of lies, 822.
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JepU1es, fbssil eggs of, 125.
fossil, of Nova Scotia coal, 401.

Reptilian bone, great WHO, 310
.... footprints in coal-strata, 899.
Reteporaflu8traC&11 852.
Reunite, or pitchstofle, 474.
Rhino valley, loess of, 121.
Rhinoceros le'p(or/i In zt8, tooth of, 166.
J?Jqinchondla 8pilwsU, 815; R. Wiloni, 483.
ItIi, near Lucerne, conglomerate of, 170.
Rtiiiila. olat/irata, great oolite, 308.
1iipplc.niark formation of, 19.
Rissoc Chaselii, cocenc. 108.
River-channels, ancient, 895.
River, excavation through lava by, 535.

terraces, 85.
Rock, term defined, 2.
flocks, four classes of, contemporaneous, 9.

classification of, Oil.
Rocks, composed of fossil zoophytes and shells,

".:.; trappean, 92.
Rodcrburg, extinct volcano of, 543.
Boers, rro II. D., on coal-field, United States,

"..., cited, 893, 413,.12T.
...., on reptilian footprints In coal, 891 .
...., ( Devonian rocks. U. S., 427.

linor W. B., on ouliLie coal-field, Unitod
States, 330, 889.

on Devonian rocks, U. S., 421.
Rome, formations at, 175, 580.
Bi,iner, F., on chalk in Texas, 255.
Rosalina, chalk, 26.
Rose, Prof. (3., cited, 469, 55?.

on liornblnnde, 464.
Boss-shire, denudation In, 67.
Rosteltarla inacroptera, cocene, 213.
flothilegendes, lower, or Perwian, 350.
Rubble, term explained, SI.
Rupelmoude, Uiper Eocene beds, ISS.
Russia, erratic blocks In, 129.

-., fossil meteoric iron In, 151.
.., Permian rocks in, 355.

SAATIBItrCK coal-field, reptiles found In, 897.
St. Abbs head, curved strata near, 49.
St. Andrew's, trap-rocks in culls near, 556, 557.
St. helena, basalt in, 4S3, 52S.
St. Helens, or Osborne series, I. of Wight, 102,

210.
St. Lawrence, gulfof, inland beaches and cliffs,




I1q.
St. Mililel. France, Inland cliffs near, 77.St Paul Island of, 509.
St Peter's Mount, MnetrIcbt, fossils in, 23T.
..., sandplpes In 8.3.

Salisbury Crag, altered strata of, 4S1.
Salt rock, origin of, 8-13.

precipitation of, 818.
at Northwich, 348.

., lakes ofAsia, 344.
Salter, Mr., on fossils of Caradoc sandstone,4.'9.

on Caradoc beds, 489.
".., on Silurian fish, 432.
Kon

Silurian rocks of Canada, 446.WILorenzo, recent strata at, 120.
Sandplpa3 near Mnestricht, 83.near Norwich, 82." . or sandgalls, term explained, 82.Sanastone, with cracks In Wealden, 263.Sandwich Islands, coral-roof In 241..., volcano of, 499 508, 52& MO.Sangatto, near Calais, àrlft of, 288.S'ao Mreuta, motamorp)iosca of, 450.Saucats, near Bordeaux, 5Iuns of, 178.Saurian oflla, 828.

..., thecodont., 35.
Baurlclitiiys aptcalt, tooth of, 880.Saussure, M, on mnomnlncs, 147."..., on vertical conlornemut 41.
Sark M., on Carrama marble, 019.&i'xicara rugouu, l'lcistocoue, 180.




Saxony,
VI.,

In, 583.
Seucc)ii, TM., on post.-i)lIOCeflO strata, 119.
Scapliites rijuali, 245; S pious, 258.
Scarborough, coiltic plants of, 314.
Schist, hornblcndo and mica, DSS, 589.

., argillaceous, fiSt).
...., chlorite, 689.
,Sc/uzodus Scltlotheuni, 850; 8. tru.ncatus,

lunge, 850.
Scion-rock and scliorly, granite, 504.
Scoresby on icebergs, 127.
Sconite, .160.
Scotland, carboniferous traps of, 556.
" . . ., northern drift fit, 180.
" . .., old red sandstone of, .11.1.
Scrope, Mr., cited, 205, 5-12, 540, 548, 550, 558,
554.

on globular structure of traps, 480.
", Oil l'onza Islands. 605.
on trachyto. basalt, and Lull; 470, 522.
on central France, 197.

Sen-clills, inland, 71,
Section (if \Vcalden, 278.
"..., of white chalk from England to France,
239 .
..., of volcanic rocks, Auvergne, 47.

Sedgwlck, ['rof,, on brecciatod limestone, 351.
Oil Caradoc beds, .13S.

"concretlonary inagmeslan limestone, $7.
ti, Coniston grit, 489.

", on Devonian group, 419.
" ..., on garnets fit altered rock, 480.
" ., Oil granite, fiSt), 5S3.
"..., on eniuIan sandstone, 854.
"..., onjointa and cleavage, 660, 002, 609.

on mineral composition of granite, 569.
" ..., on old red of Devon and Cornwall, 419.
"..., on structure of rocks, 600.

on trap-rocks of Cumberland, 559.
Segregation in mineral-veins, 619.
Scini-opid, Infusorin fit. 20.
Scrap/I8 conrotalum, Barton clay, 213.
Serpentine, 474.
Serpula attachedto Q'ijp1zea, 22; to 8pata,&.

gus, 23.
carbonaria, coal, 8E4.

Serpuiw and .Th'yo:oa, on Encnlnlte, 801.
Serpulie, on volcanic rocks, fit Sicily-, 157.
S ewaiik lulls, freshwater deposits, 162.

inioceno strata in, 1S2.
Shale, carbonaceous, 313.

deflnod. 11.
Simics ofcoal near Dudley, .593.
8/uirk8, teoth of, 215.
Sharpe, Mr. D., on mollusca in Silurian strata,

".:.,
440.

on slaty cleavage, 609.

0lip
er grccusand, 250.a

li, 841111.I pa
...., fossil, usolUl in classillChtion, 114.

recent, 28,29,31) 140, 144.
Slieppoy, Isle of, fossil flora of, 210.
Sluerrlngliam, innu's of chalk fit drift, 184.
Shetland, granite of 440, 505, SOS.
" " . -, hornblcndo.sehist of, coo.
Shrowabury, coal-deposit near, 34.
Sicily Flume Stilso in, 223.
...., Inland cllti In, U.
"..., newer pllocono strata of, 155.
"..., terraces of denudation In, 75.
Sidlaw hills, trap of old rod sandstone, 559.
Siebongoblrge, Igneous rocks of, 540.
Sienna, formations at, 174.
Blglllaria. 800, 868.
Siglilarla tcvvlgata, coal, 801,
Siliceous limestone clellncd, 12.
.... rocks deiinetl, 11.
Siliiman, Prof., cited, OT-1.
Silurian, name explttlned,420.

period, l3luItonio rocks of, 591.
" rocks, table of, 480.

".. strata of deep-sea origin, 447."... strata of United States, 444.
strata, thickness of, 442.
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Silurian strata, foot-tracks In, 452,
Volcanic rocks, 558.

Simpson, Mr., on Ice-Islands, 185.
Bip/onia pyriformie, upper greensand, 249.
S1p1Lonotre(a tbn(,uiculata, Silurian, 444.
Sivatherium, extinct ruminant, 183.
Skapter Jokul, eruption of, 521.
Skye, rocks of, 481, 5S0.
"..., basaltic columns in, 4S9.
" ... dikes in Isle of, 478.
" ..., sandstone In, 86.
Slates of Devon. cleavage of, 003.
Slaty cleavage, 002.
81 sides, term defined. 621.
Smith, Mr., of Jordan 11111, on Pleistocene,140.
Snags, fossil, 375.
Snakes' eggs, fossil at Tonna, near Gotha, 125.
Solssonnas sands, 229.
Solenhofbn, lithographic stone of. 302.
Solfatara, decomposition ofrooks In the, 595.
Soinmo, 525.

"., lava at. 478.
Sopwith, Mr. T., moilols by, f'T.
Sorhy, Mr., on mechanical theory of cleavage,

608.
Sortino, cave in valley of,160.
South Devon and Cornwall, old red of, 419.
South Downs, view of, 274.
Sowc'rby, Mr. 0., cited, 169.
Spaccoforno, inland cliff., at, 76.
Simm, volcanoes In, 6, 531.
Spalacotherluin, Purbock mammifer, 205. 457.
,Spa(angus (recent), 23; .S radiatue, 239.

with 8erpzd attached, 23.
Spezzin, gulf of, calcareous rocks in, 612.
Bp1uare-rochue mlru,, IVonlock, 436.

hmi-ztlita agarle(fomnis, chalk, 2-53.
Inerinpteri-s oren ata, 361; 8. gracitle, 264.

Spir/'cr disJunctuc. S. VerneutW, 421; 8.
y!a5er, 8. trig'maiit, 406..

muorowztus, 424; 8. indulatus, 352; 8.
Uakottzi, 318.

$pirolina stenostoma, cocene, 227.
Spirorbis carbonanus, coal, 884.
Spltzbergen, glaciers of, 142.
cpondylue pinosua, chalk, 247.
Sponges in chalk, 249.
Spongi/la of Lnmarck, In tripoli, 25.




".., spicula of, tripolI, 25.
Springs, mineral. See Mineral springs, 020.
StaiTh, basaltic columns In. 483.
Sta urhz astrwa'.forrnis, Silurian, 403.
Steno on classifIcation of rocks, 91.
Sternbercin, structure of, 889.
Stigmarla in fossil forest, Nova Scotia, 371.
SUgniaria and Siglilaria, St;1.

" . . ficoidea, coal, 868.
Stirling Castle, rock of, altered by dike. 491.
Stockholm, post-pliocono beds near, 119.
Stokes. Mr., on petrifaction, 43.
Stoncsfleld. fossil mammalla, 810, 812.

slate. 809.
Storton 11111, footprints at, 837.
Strata, term defined, 2.

arrangement of, determined by fossils, 21,
22.

"..., consolidation of, 84.
..., curved and vertical, 41, 59.

elevation of, above the sea, 44.
.., fossiliferous, tabular view of, 101.

horlzontaitty of, 15, 45.
...., metamorphic origin of, 590.

", mineral composition 9!, 10.
"..., outcrop of, 56.

tertiary clasIflcatIon of, 109.
Stratification, forms of, 18, 10, 41.

unconformable, 59.
StrIckland, Mr., on now red sandstone, 886.
Blke, term explained, 53.
8trlngocephatu Burtini, Devonian, 423.
Stromboli, lava of, 514.
Btrop1ornena depressa, 430; 8. grandle, 440.
Btudcr, M., on Swiss Alps, 014.
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Studer, M, on boulders ofJnra, 140.
Stutchbury, Mr., cited, 824, 855.
Sub-Apeniiino trata, 110, 113.
Subsidence In drIft-period, 141.
Succi,zea arnplLibia1 29; 8. elongate, 124.
Suffolk crag, lOS.
Sullivan, Capt.1 chart of Falkland Islands, SB.
Super,-a, near Turin, tertiaries of11111 of, 179.
iiperior, Lake, marl in, 80.

Superposition of nqueous deposits, 00.
Superposition of volcanic rocks, test of age,826.
Suprncretaceou. term explained, 103.
Sue ecryit, tooth of, 166.
Sussex marble, 261.
Swansea, coal-measures near, 859.

., stems of .Siyillarta at, 8T3.
Sweden, alnm.schist.s of, .151.
Swiss Jiirn, structure of, 55.
Sydney coal.fiold, Cape Breton, MO.
Sycnlte, 564.
Syonitic granite, 564.
Syncllnal line, term defined, 48.

TAnLE MourAn, strata horizontal in, A.
"., granite-veins in, SOT.

Table of fossiliferous strata, 104.
Tails of liowocercal and heterocercal fish, 858.
Talcoso gneiss, 590.

rrmnite, 56-I.
7l:pirui A,ntricanua (recent), tooth of, 166.
Tnrtarct. Puy de, cone of. 549.
Teeth y'mannnuls, fossil and recent, 165, 166,

107, 219, 283, 811, 841.
Telerpeton. Elginense, old red, 412.
Tell/na obZiqua, Pleistocene, 155.
Tenzneclijnua etvcavatu., corallino crag, 172.
Tcnerlfl'e Peak of, 509, &ii.
Tentacmdi(ea annutatus, Silurian, 430.
Terebellu7n con volutunz, T.faeifon,ne, 213.
Terebra(ul-a (iltrypa) af/inis, 434.

biplicata, 7. carnea, 7. Dsfrancli, 7.
octoplicata, 7 p7/cat/li., 7 pum.1lu, 246.

.... digona,, $08; T.juznbnia, $15; 7 liastata,
406; Tlyra1 251.

navicula, 481; 7 porrecta, 428; 7 eZZa,
259; 7. Wilson!, 438.

T&recllna perscmata fossil wood bored by,24.
Tereclo naval/8 boring wood, 24.
Terra del Fuego, 145.

Fucus gIganteus in, 242.
Tertiary, term explained, 109.
.... deposits, 173, ISO, 190.

strata, tabular view of. 104.
Testudo atlas, of Sewfilik Hills, 1S2.
Texas, chalk In, 255.
Thames valley, freshwater deposits In, 152.
T/zaninaatraa, coral-rag, 303.
Tlianot sands described, 221.
Thecodont saurlans, 842, 855.
?7iecodontosa urns, tooth of, 855.
T/iecosrnilia annular/a, 303.
TI, elod us, shagreen.scaies of, 482..

.Tlihri-Ia, M., on oolltlc group in France, 829.
Thuja occidentalls, 1n stomach of mastodon,

144.
Tliurmnnn, M., cited, 55, 2S0, 309.
Tilestoncs, 480.
Tllgato Forest, remains In, 262.
Till, term explained, 183.
"..., origin of, 184.
Tin, veins of, in Cornwall, 620, 621.
Tirerton, trap-porphyry near, 555.
Tongrian system of M. Dumont, 189.
Touraine, faluns of, 175.
Tracliyte, 460.

of 1[ungnry, 505.
Trachytic rocks, older than basalt, 522,
Transition, term explained, 9, 420.
Trap, term explained, 4(39.

dike In I'Jfesliiro, 557.
"Inbulnr stmeturo or, 4SO.

nlrtislon of, between strata, 452.
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I'rap, various ages of, 556, 559.
", passage oigranito Into, 564.
in Radnorshire, 558.
rocks, relation to lava, 4S6.
rocks, litholo1oaI character of, 522.

Trap can rocks, 1)1.
Trap-tn if. 470.
Trass in Lower Elfel, 474, 543.
Travortin, how deposited, 84.
Tree-ferns In Pernitan formation, 857.
7',ee:*rila (recent), 862.
Trio.,, or now red sandstone, 832, 838. 335.

., in Cheshire and Lnncasbie, 320, 84.5.

., subdivisions of, 333.
TrIiond1lle lotus, oolite. 809.
Ttiqonia ca udata, 259; T. gThbosa, 301.
Triqonocarpum oiiva'/Oi?nv', T. 0ratU fl, 360.
Triqonotreta. 'it iidulata, Permian, 852.
Trilobites In Devonian strata, 421.

metamorphoses of, 4-14, 450.
.., of lower Silurian, 4-Il.

Trilor.ull,ia. infiala, cocene, 227.
Trimmer, Mr., on denudation of Wealdon, 2S5.

., on sand-galls. 52.
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General section of Arran. from north to south.
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Fig. 702._
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NORTH.1 2 G b. 2 1 4

1. MeL'tmorphlc or Tfypogene FchIstR, the oldest formation in Arran.
2 Coarse-grained granite sending veins into the schists, No. 1.
3 Old Red Sandstone and Conglomerate containing pebbles exclusively derived from the rocks, No. 3, without any Intermixture of granitlo

fragments.
4. Carboniferous strata and rod sandstone (Now Red?)
5. Trap, overlying anti In dikes, A d, A passing occasionally into Sycultes of the Plutonic class.
6a. Fine-grained granite, associated with the overlying trap, No. 5.
6 b. Simllnr fine-grained granite, sending veins into the older granite, No. 2, and cutting off the trappean dikes, c,

S I the g0 section I bare attempted to represent the new discoveries made since 1839, by Mr. Nccker and Mr. A C. Rzmsiy, in repsd to the plutonic (orniaUoa,, Ga, aad6 b. (See p. 456.)
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I. Primary platonic.
IT. Secondary platonic.

:111. Tertiary plutonic.
IV. Recent platonic.




4. Recent strata.
3. Tertiary strata.
2. Secondary strata.
1. Primary fossiliferous strata.
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The zuctophorphic rocks are not Indicated In this diagram; but the student will Infer, from what has been said in Chapter XXX!]., that some port!onsof the stratified 0
formations Nos. 1 and 2 invaded by granite will have become metamorphic. P

Diagram showing the relative position which the platonic and sedimentary formations of different ages may occupy.
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SECTION OF MADEIRA FROM NORTH TO SOUTH, OR FROM POINT S. JORGE TO POINT DA CRUZ. NEAR prUNCHAL.

/ B




A B 6

Length of section twelve miles. Drawn on a true scale of heights and horizontal distances from the observations of C. Lyell and 0. Hartuzig, 1853-4.
Ce




A. Pico Torres (or Pico do Gatto), about 60.0 feet high. -
B. Pico Ruivo; the highest mountain in Madeira; about 6060 feet high.
c. Scorire. agglomerate, inpiiii tuff, and ejectamenUi, with somehighly scoriaceous lava.
d. Alternations ot.lava with tuff and Ispilli, or with parting layers of red clay (laterite).

Under this same head of "alternations" must be included all the beds between
R and P.

e. Commencement of more highly Inclined lavas on north side of Madeira; slope usu
ally 10 degrees.

f. Commencement of more highly Inclined lavas on southern slope, usually at an anglo
of 15 degree-s.

g. Dike 'ofJo'o tin Bole, In ]libelro 8. Jorgo.
11. Slope of be'às 15 degrees, occasionally but rarely 20 degrees.




1. Slope or dip of lavas S degrees.
K. Point dii Cruz, near Funchat.
L. Point S. Jorge. on north coast.
1sf. Pico da Cruz, 843 fret high: modern cone.
N. Pico S. Martinho, 1100 feet high.
0. 1'Ico S. Antonio. 14-10 feet.
p. Buried cone in Ilibeiro do Torretio.
q. Lignite and leaf-bed.
11. Pico S. Antonio, 5706 feet high.
p, 8, t. Lino below which the rocks are not exposed to view.

conjecturally.

The beds indicated by the sip No. 1 consist of lavas more or less
1 stony, under which occur red clays or laterites, probably ancient

IIItU soils (see p. 471), represented bythe interrupted lines. No. 2. These------------------' red bands, aswell as the havos, No. 1, are very numerous in nature,
and for want ofspace a tow only are Introduced into the diagram.
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All below this line is given
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Fig. 651.

VIEW OF ThE PEEK OF TENERIFFE AND THE CLtNADAS FROM THE NonTHEAST.
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a. The Peak, which Is about 4000 feet above the level of the plain .
b, b. The atrium, or Las Cafiadas.
o, C. Wall of the Caldern, or cliff bouniIin the atrium.
d, d. Lavas which have flowed from the Peak or from lateral conc
e. A point corrasponding to e, In section, fig. 652, p. 511.



mg. 646.

SECTION OF THE ISLAND OF PALMA, FROM NORTHEAST TO SOUTHWEST.

C -

This section passes through the Caldera and the Barranco do ln.i Angustins, and Is drawn up on a true scale of height and horizontal distance, from the observations of
C. Lyoti and G. Ilurtung. 1854. (See Map, p. 494.)

a. Barlovento Point, see map, fig. 642, p. 494.
b. One of several cones, S. S. E. from Barlovento Point
C. rice de la Cruz, 7180 feet high, forming part of the northern boundary of the

Caldera.
c, d. The Caldera.
d. The summit of the mountain called .Mejanado, 6210 feet high, forming the south-

ern wall ofthe Caldera.
. The Cuxnbreclto, or higher opening Into the Caldera.




j Pico do Cedro, 7470 feet high; the highest point on the eastern margin of the Cal
dera.

g. Lateral cone on the flanks of.Aiejaziac]o.
ii. Cone of Argual.
i. Cliff ofTnzacorto.
k, 1. Old Inclined water-line, marked by upper limit of grave' or conglomerate.
m, i. Level of the river or torrent of the Bnrranco do Ins Angustlas.

The strongerlines In this diagram express that part which alone falls Into the line of section; the fainter lines, that portion of the eastern circuit of the Caldera walch is in per
spective and could be seen by a spectator standing on the west side.
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Fig. 415.

Skeleton of IchTh3aurus communi, restored by Conyburo and Cuvier.
a. Co3tal vertcbr.

Fig. 416.

a. Cervical yertebra.
Skeleton ofP ,awue dols ocMrus, restored by Boy. W. D. Conybeare.







Fig.321.

fllghest point of South Downs, S53 feet.




Fig. $22.
Anticlinal axis of the Weald.
Crowborough 11111, 804 feet.

a




Highest point of North Downs, SSO feet.*

40




SD
.flft(es

Section of the country from the confines of the basin of London to that of Hants, with the principal heights above the level ofthe sea on a true scale.

* Botley Hill, near Godstone, in Surrey, was found by trigonometrical measurement to be 880 feet above the level of the sea; and
Wrotbam Hill, near Maidstone, which appears to be next in height to the North Downs, 195 feet.

2 C 4 5 5 4 3 2

Section from the London to the Hampshire basin across the valley of the Weald.

1. Tertiary strain. 2. Chalk and firestone. 3. Gault. 4. Lower greensand. 5. Weald clay. 6. Hastings sands.







Main Coal,
6 feet 6 in.

fetni ('aI.
3 rL.




Section of carboniferous strata, at Wailsend, Newcastle, showing "Creeps." (J. Buddle, Esq.)
IIoriz,'ntal length of F.tlon 174 feet. The upper seam, or main coal, hero worked ollt, was 680 feet below the surface.

Fig. 06.
Siliceous Sandstone.
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